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X  LETTER   OF   SUBMITTAL. 

meager,  the  first  part  of  the  work,  that  relating  to  Bark-lice,  will  be 
fonnd  applicable  to  any  region  where  the  Orange  is  grown,  since  these 
universal  enemies  of  the  Orange  are  as  cosmopolitan  as  the  plant  it- 
self. This  part  of  the  work,  moreover,  includes,  in  addition  to  those 
species  which  have  been  the  subjects  of  original  investigation  in  Flor- 
ida, sach  notes  as  have  been  published  ui>on  the  Galifornian  species, 
and  which  have  not  as  yet  made  their  api>earance  upon  the  Orange  in 
the  Bast. 

Of  the  miscellaneous  insects  considered  in  the  second  part  of  this  re- 
I>ort,  by  far  the  greater  number  are  known  only  in  Florida  or  Louisi- 
ana, and  are  not  likely  to  make  their  appearance  in  the  Pacific  States^ 

In  a  record  of  observations  extending  over  several  years  of  daily  and 
almost  constant  work  in  orange  groves,  it  will  not  seem  strange  if  many 
of  the  facts  observed  by  previous  investigators  are  found  repeated  in 
the  following  pages,  and  if  credit  is  not  always  given  for  priority  of  dis- 
covery in  matters  relating  to  the  habits  of  insects,  sbch  a«  may  be  veri- 
fied in  every  orange  grove,  more  intricate  researches,  or  such  as  have 
not  been  reobserved,  are  always  accompanied  by  the  proper  references. 
In  this  way  contributions  of  interest  to  orange-growers  have  been  ex- 
tracted from  the  writings  of  well-known  entomologists,  and  particularly 
from  notes  and  published  treatises  on  orange  insects  by  G-lover,  Ash- 
mead,  and  Gomstock. 

Finally,  to  your  direction  and  guidance  is  attributable  much  of  what- 
ever valuable  may  result  from  my  work ;  and  the  influence  of  your  own 
scientific  researches,  not  less  than  your  personal  co-operation,  has  light- 
ened the  labor  and  made  the  preparation  of  this  report  a  pleasant  task. 

Bespectfully  submitted, 

H.  G.  HUBBAED, 

fecial  Agent    ' 

Prof.  0.  V.  Riley, 
Entomologist. 
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dies  back,  and  finally  the  older  i)ortions  of  the  tree  become  affected  and 
gradually  succnmb. 

A  morbid  growth  nndonbtedly  of  fungus  origin  invariably  accompa- 
nies the  disease  in  its  advanced  stages.  This  appears  first  as  discolored 
patches  or  slight  swellings,  which  gradually  become  confluent,  and  fin- 
ally burst,  forming  an  eruption  of  brownish  color.  The  older  branches 
become  covered  with  ridges  of  exfoliated  bark  and  exudations  of  gum, 
presenting  an  unsightly  appearance,  not  unlike  that  of  '<  Black- knot"  on 
the  plum. 

The  peculiar  microscopic  fungus  which  causes  ^'  die-back"  is  undoubt- 
edly  well  known  to  mycologists.  The  disease  yields  readily  to  treat- 
ment with  dilute  carbolic  or  creosote  washes,  and  is  curable  by  these 
simple  means,  provided  the  exciting  cause  is  removed.  This  fact  may 
be  regarded  as  confirmatory  of  its  fungus  character.  The  term  '^die- 
back  "*has  been  applied  to  several  other  diseases  of  the  orange,  and 
even  to  injuries  from  frost,  but  the  affection  above  described  is  the  one 
which  is  generally  known  under  this  name. 

The  exciting  cause  of  "die-back"  has  been  variously  ascribed  to  over- 
fertilization,  deep  planting,  imperfect  drainage,  the  presence  of  humic 
acid  in  the  soil,  and  finally  to  insects.  While  there  is  good  reason 
to  suppose  that  conditions  of  the  soil,  or  of  cultivation  unfavorable  to 
the  growth  of  the  plant,  render  it  liable  to  the  attacks  of  fungus  dis- 
eases, there  is  no  evidence  that  in  this  case  its  presence  is  due  to  the 
depredations  of  insects.  It  is  true  that  the  dead  and  dying  branches  of 
trees  affected  with  die-back  attract  boring  insects  of  various  sorts,  bnt 
these  are  found  to  belong  to  wood-eating  kinds,  which  act  as  scaven. 
gers  merely,  and  have  no  connection  with  the  disease  itself. 

Baek-fungus. — (Plate  II,  Fig.  2.)  Many  forms  of  lichens  attach 
themselves  to  the  trunk  of  the  Orange,  in  common  with  other  trees,  and 
flourish  abundantly  in  dark  and  damp  situations.  There  are,  however, 
several  mold  like  fungi  found  more  exclusively  upon  the  Orange  and 
its  allies.  These  bear  a  deceptive  resemblance  to  incrustations  of  Scale- 
insect. 

Of  these  fungi  the  one  most  readily  mistaken  for  Scale-insects  com- 
monly appears  upon  the  trunk  and  branches  as  little  hard  excrescences 
of  gray  color,  which,  in  wet  weather,  burst,  disclosing  a  white  cottony 
interior,  from  which  they  are  often  confounded  with  the  "  Mealy  Bug," 
(Dactylopius).  The  resemblance  to  the  Goccid  is  increased  when  the 
white  spicules,  a  bundle  of  which  fills  each  little  fungus  cup,  are  beaten 
out  by  rains,  and  felted  upon  the  bark  in  a  mold-like  coating.  The 
fungus  is  confined  to  the  surface  of  the  bark,  and  appears  to  germi- 
nate exclusively  among  the  dSbria  of  Scale-insects.  It  is  always  found 
upon  trunks  that  have  long  been  coated  with  Chaff  Scale  {Parlatoria 
pergandii).  It  may  also  be  found  upon  the  leaves  when  they  have  be- 
come infested  with  this  scale,  and  is  easily  removed  by  gentle  friction 
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between  the  fingers,  coming  o£f  with  the  scales,  and  showing  no  close 
attachment  to  the  surface  of  the  leaf. 

The  fungas  feeds  upon  the  substance  of  the  dead  or  vacated  scales, 
and  is  not  directly  parasitic  upon  the  plant.  It  is  extremely  injurious, 
however,  by  reason  of  the  closely-felted  coating  which  is  formed,  caueing 
the  bark  to  harden  and  the  tree  to  become  ^^  hide-bound." 

FooT-ROT. — This  disease  appears  only  upon  sweet  seedling  orange 
trees,  most  frequently  between  the  ages  of  nine  and  twelve  years,  and 
often  bears  a  deceptive  resemblance  to  the  work  of  insects.  It  takes  the 
form  of  cancecous  sores,  which  destroy  the  cambium  layer  of  the  bark. 
The  sores  are  confined,  except  in  rare  instances,  to  the  foot  or  collar 
of  the  tree,  and  begin  as  little  cavities  filled  with  fermenting  sap  and 
having  an  ofifensive,  sour  odor.  These  cavities  extend  their  boundaries, 
the  outer  bark  dries  and  cracks,  allowing  the  sap  to  exude  and  run 
down  upon  the  outside.  Sometimes  winding  channels  are  formed  in  the 
inner  bark  by  the  burrowing^  of  the  pus,  and  when  these  are  laid  bare 
by  the  knife  the  resemblance  to  the  track  of  a  *'  Sawyer,''  or  coleopter- 
ous borer,  is  very  striking.  When  the  sores  become  extensive  the  dead 
outer  bark  above  them  sloughs  away,  exposing  the  dry  wood  beneath. 
At  this  stage  the  disease  is  liable  to  be  mistaken  for  the  work  of  ^<  Wood- 
lice''  or  White-ants  (Termites),  which  will,  moreover,  very  likely  have 
made  their  appearance.  The  characteristic  mark  by  which  the  galleries 
of  termites  may  most  readily  be  distinguished  from  sores  of  foot-rot  con- 
sists of  a  lining  of  comminuted  wood  with  which  these  insects  always 
smooth  the  walls  of  their  tunnels  and  chambers.  If  this  is  wanting  in 
any  of  the  wounds,  even  though  termites  be  seen  in  the  immediate  vi- 
cinity, they  cannot  be  the  authors  of  the  mischief. 

Foot-rot  usually  ends  by  girdling  and  killing  the  tree.  Like  cancer 
in  animals,  it  is  sometimes  successfully  treated  by  a  free  use  of  the 
knife,  although  this  frequently  serves  only  to  aggravate  the  difficulty 
and  increase  the  area  of  the  disease. 

Antiseptic  treatment  with  lotions  and  poultices  containing  carbolic 
acid  might  prove  beneficial,  but  seems  never  to  have  been  tried.  A 
remedy  that  has  been  found  practicable,  if  taken  in  time,  is  to  plant  at 
the  foot  of  the  diseased  tree  young  stocks  of  the  Sour  v^  range,  which  is 
never  afiected  by  the  disease,  and  as  soon  as  they  have  established 
themselves,  to  graft  them  into  the  trunk  two  feet  or  more  above  the  ground . 
These  supplementary  stocks  will  in  time  replace  the  original  roots  and 
form  a  new  crown,  while  supporting  and  preserving  the  life  of  the  tree. 

Many  insects,  attracted  by  the  fermenting  sap,  resort  to  these  sores. 
They  are  all  scavengers,  feeding  only  upon  the  lifeless  bark  and  sap, 
or  else  innocuous  and  predatory  species,  such  as  lurk  in  dark,  cool 
places  everywhere. 

Smut.— A  deposit  resembling  soot  is  found  upon  the  leaves  and  bark 
of  trees  which  have  been  infested  with  certain  kinds  of  bark-lice.  It 
is  not  confined  to  the  Orange,  but  is  found  upon  the  Oleander,  the  Olive, 
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and  many  other  plants,  and  always  follows  the  attacks  of  Lecanium, 
Oeioplastes,  and  other  Ooccids  which  prodace  honey-dew. 

The  Gall-berry,  Ilex  glabra^  a  wild  plant  which  grows  in  great  abund- 
ance in  the  sterile  '^  flat  woods"  of  Florida,  and  which  is  much  infested 
by  Oeroplastes  scale,  is  often  blackened  by  it  over  many  acres  in  ex- 
tent. 

Prof.  W.  G.  Farlow,  in  a  paper  entitled  "  On  a  Disease  of  Olive  and 
Orange  Trees  occorring  in  California  in  the  Spring  and  Sammer  of 
1875,"  describes  and  figares  this  smut,  and  shows  it  to  be  a  fungus. 
He  determines  it  to  be  Capnodium  citri  Berkeley  &  Desmazi^res,  a 
species  occurring  on  Orange,  &c.,  in  Europe,  and  says  that  it  seems 
nearly  or  quite  identical  with  the  Fumago  salicina  of  older  writers. 
(See  Tulasne,  "Carpologia  Fungorum,"  PI.  XXXIV,  Figs.  14  and  20.) 
In  the  same  paper  it  is  shown,  from  botanical  /considerations,  that  it 
does  not  feed  on  the  plant,  but  on  the  honey-dew  ejected  by  insects. 

Smut  upon  orange  trees  has  long  been  known,  and  its  nature  and 
origin  have  formed  the  subject  of  many  curious  speculations. 

In  a  rare  work,  published  at  Nice,  in  1800,  and  entitled  ^'  Histoire 
Naturelle  de  la  Mor£6e,  ou  de  I'lufection  de  la  Famille  des  Grangers;  par 
I'Abb^  Loquez,"  this  fungus  is  described,  and  also  the  Bark-louse  con- 
nected with  it,  and  the  two  are  treated  as  jointly  constituting  a  disease 
of  the  Orange,  which  at  that  time  ravaged  the  gardens  of  Italy  and 
southern  France.* 

Both  the  fungus  and  the  insect  being  nourished,  according  to  the 
author's  view,  upon  the  superabundant  juices  of  the  plant,  he  proposes 
to  remedy  the  disorders  produced  by  their  combined  attack  by  depriv- 
ing the  tree  of  moisture,  and  by  the  dessication  of  its  juices. 

§mut  probably  does  no  more  injury  than  would  be  occasioned  by  a 
similar  coating  of  soot  or  other  line  powder  coating  the  leaves  and 
growing  parts  of  the  plant.  But  as  it  is  never  seen  except  in  conjunction 
with  the  destructive  insects  above  mentioned,  it  is  not  very  easy  to 
determine  what  proportion  of  the  damage  is  attributable  to  the  fungus 
alone. 

Splitting  op  pbuit. — Moore,  in  his  treatise  on  Orange  Culture, 
says :  '^  The  cracking  of  fruit  is  occasioned  by  any  suspension  of  the 
growth  of  the  fruit,  and  a  consequent  hardening  of  the  rind,  followed 
by  a  sudden  flow  of  sap  from  any  stimulating  cause,  as  highly  fertil- 
izing a  bearing  grove,  especially  during  summer,  or  a  wet  spell  follow- 
ing a  dry.''  Certain  sap-loving  beetles  of  the  family  Nitidulidce,  and 
also  vinegar  or  pomace  flies,  attack  tlie  split  fruit  both  on  the  tree  and 
after  it  has  fallen  to  the  ground.  The  larvae,  which  they  produce  in  vast 
numbers,  penetrate  the  pulp,  and  cause  it  to  rot  with  great  rapidity. 

Many  persons,  finding  the  split  fruit  infested  with  these  grubs  and 


*  The  Bark-louse  is  called  by  the  aatbor  Coccus  hesperidum  Linn. ;  bat  his  minute 
and  exoeUent  aooount  of  the  insect  and  its  habits  clearly  indicate  that  it  was  a 
species  of  Mealy-rbag  (Daotylopius). 
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maggots,  are  disposed  to  consider  them  the  originators  Of  the  mischief. 
A  soand  orange  is,  however,  most  perfectly  protected  by  its  oily  rind 
against  the  attacks  of  these  and  most  other  insects,  and  it  has  been 
foand  that  they  die  of  starvation  rather  than  penetrate  it  to  reach  the 
pulp  within. 

Dbopping  of  fbuit. — Sucking-bags  (Hemiptera)  of  several  kinds  at- 
tack the  orange,  and  their  punctares  invariably  caase  the  fruit  to  drop 
and  rot. 

All  fruit  trees  drop  their  fruit  from  causes  more  or  less  obscure,  but 
in  some  way  connected  with  the  condition  of  the  plant.  The  Orange  is 
no  exception  to  this  rule,  but  whenever  the  loss  of  fruit  is  attributable 
to  the  bites  or  punctures  of  insects,  the  depredators  themselves  may  be 
readily  discovered*,  as  all  are  of  large  size  and  easily  seen. 

Winter-killed  branohes. — Borers  and  mining  insects  are  com- 
monly found  in  dead  twigs  and  branches  killed  by  frost  in  severe  win- 
ters. They  need  occasion  no  alarm,  as  they  are  chiefly  scavengera,  sub- 
sisting upon  the  dead  wood  and  bark,  and  seldom  do  injury  to  the 
Uving  parts  of  the  plant. 

THE  nrSEGT  FATIH A  OF  THE  OBAHGE. 

Attraction  which  the  obange  tbee  has  fob  insects.— The 
dark  green  and  glossy  foliage  of  the  orange  tree^  its  dense  shade,  vig- 
orous growth,  and  above  all  the  succulence  of  the  young  shoots  and 
leaves,  render  it  unusually  attractive  to  insects,  not  only  of  leaf-eating 
kinds,  which  are  general  feeders,  but  also  to  many  predatory  and 
innocuous  insects  which  lurk  in  cool  and  shady  places  or  seek  pro- 
tection among  sheltering  leaves. 

Thus  many  kinds  of  insects  are  seen  about  the  trees,  some  of  them 
injurious,  some  beneficial,  and  some  occasional  visitants,  whose  pres- 
ence is  without  si^ificance  for  good  or  ill.  In  general,  it  may  be  said 
that  those  which  are  most  visible  to  the  casual  observer,  and  which  ap- 
pear to  seek  no  concealment,  are  not  injurious.  They  are,  as  a  rule, 
predatory  insects,  such  as  the  wasps  and  sucking-bugs,  which  prowl 
about  the  trees  in  search  of  prey,  or  harmless  flies  and  bees,  visiting 
the  flowers  for  nectar,  or  sporting  among  the  foliage. 

The  injurious  species  generally  lie  concealed.  They  hide  in  folded 
leaves,  excrete  a  scale,  or  form  a  covering  of  sticks  and  bark.  Many  of 
them  are  of  small  size,  or,  if  large,  they  have  some  device  for  their 
better  concealment,  and  by  some  peculiarity  of  form  or  of  coloration 
they  are  made  to  resemble  portions  of  the  plant  on  which  they  rest,  and 
thus  escape  observation.  The  large  green  "  Katydid  ^  readily  passes  for 
a  leaf,  and  in  spite  of  its  size  is  tery  difficult  to  detect  among  the 
foliage.  The  "Orange  Dog,^  a  caterpillar  more  than  2J  inches  long,  is 
so  marked  with  brown  and  white  as  to  be  inconspicuous  when  resting 
upon  the  bark,  from  its  resemblance  to  a  lichen-covered  twig.    Its 
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chrjrsalis  presents  a  still  more  striking  example  of  the  same  protective 
resemblance. 

iNJUBlous  INSECTS. — First  in  importance  are  the  Bark-lice  (CoccidsB). 
These  sap  the  life  of  the  tree  at  its  source.  The  vital  juices  are  sacked 
up,  and  probably  also  poisoned,  as  the  blood  of  animals  sometimes  is 
by  the  sucking  parasites  which  infest  them. 

Of  insects  injuring  the  root,  little  is  known.  As  has  been  shown, 
"  Wood-lice  ^  (Termites)  are  very  often  injurious  just  beneath  the  surface 
of  the  ground,  and  there  are  some  as  yet  unknown  larvae  which  are 
said  to  bore  into  the  tap-root  at  a  considerable  depth.  The  trunk  has 
few  enemies,  except  Bark-lice,  some  species  of  which  prefer  to  attack 
that  part. 

The  leaves  and  twigs,  being  those  portions  which  oifer  the  greatest 
extent  of  exposed  surface  and  the  greatest  variety  of  food,  support 
also  the  largest  number  of  depredating  enemies.  A  large  proportion 
of  the  leaf  eaters  feed  indiscriminately  upon  many  plants.  Such  are 
nearly  all  the  locusts,  grasshoppers,  and  crickets,  many  caterpillars, 
and  some  true  bugs  which  injure  by  suction.  The  latter,  however,  for 
the  most  part  confine  their  attentions  to  the  tender  shoots,  blossom 
buds  and  fruit 

With  many  of  these  insects  the  injury  is  limited  to  the  gnawing  of  a 
few  leaves,  and  their  importance  to  the. orange-grower  is  not  great. 
Others,  on  account  of  their  large  size  and  voracity,  defoliate  the  trees 
and  do  appreciable  damage. 

The  tender  budding  stalks  furnish  particular  species  of  insects 
with  their  especial  food ;  certain  other  species  feed  upon  the  budding 
leaves  in  the  earlier  part  of  their  lives,  and,  when  adult,  select  them  as 
places  of  deposit  for  their  eggs.  These  do  especial  harm  in  checking 
the  advancing  growth,  nipping  it  in  the  bud,  and  inflicting  far  greater 
damage  than  those  which  confine  tbeir  attacks  to  mature  parts  of  the 
plant.  ■ 

Injury  to  the  blossom  buds  and  young  fruit  is  caused  by  certain  suck- 
ingbugs  (Hemiptera),  and  the  fruit  as  it  approaches  maturity  is  attacked 
by  insects  of  the  same  family,  whose  punctures  cause  it  to  drop  from  the 
trees  and  rot. 

A  minute  mite,  which  appears  to  be  one  of  the  few  forms  of  insect 
life  peculiar  to  plants  of  the  citrus  family,  infests  the  leaves  and  green 
fruit,  causing  upon  the  rind  of  the  latter  a  discoloration  known  as  "  rust." 

Beneficial  insects. — Under  this  head  are  included  a  great  variety 
of  predaceous  insects  and  parasites,  without  whose  aid  in  checking  the 
horde  of  depredators,  the  cultivation,  not  only  of  the  Orange,  but  of 
most  other  plants,  would  be  an  impossibility. 

Every  order  of  insects  furnishes  its  predatory  species,  which  are  to  a 
greater  or  less  extent  beneficial  in  destroying  the  plant-eating  kinds 
upon  orange  trees.  The  paper  wasps,  which  hang  their  nests  to  the 
branches,  are  employed  in  seeking  out  spiders  and  leaf-rolling  cater- 
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pillars,  with  which  to  feed  their  helpless  young.  The  Ladybirds  (Ooc- 
cinellid»)  and  their  soft-bodied  young,  with  other  beetles  seen  apon  the 
tmnk  and  branches,  are  busily  engaged  in  the  good  work  of  tearing  off 
the  scales  of  Bark-lice  and  feeding  upon  the  Ooccids  and  their  eggs. 
Wherever  is  found  a  tender  shoot  infested  with  a  colony  of  Aphides, 
there,  in  the  midst  of  the  swarming  Plant-lice,  will  be  found  the  slug- 
like larvee  of  predaceous  flies  {Syrphtts,  etc.) ^  gradually  but  surely  re- 
ducing their  numbers,  in  spite  of  the  marvelous  powers  of  reproduction 
and  fecundity  of  the  Plant-lice.  Upon  the  leaves  the  active  young  of 
the  Lace- wing  {Ohrysopa)  may  be  seen  truudling  their  little  heaps  of  re- 
fuse, beneath  which  the  insect  lurks  in  ambush  for  its  prey.  Among 
the  smaller  forms,  whose  operations  are  invisible  to  the  unassisted  eye, 
are  numerous  predatory  mites,  which  swarm  among  the  Bark-lice,  and 
greatly  aid  in  holding  them  in  check. 

First  in  importance  among  beneficial  insects,  although  least  in  size, 
and  most  difficult  of  observation,  are  the  true  parasites,  which  live 
within  the  bodies,  and  even  inhabit  the  eggs  of  other  insects,  and,  after 
having  eaten  and  destroyed  their  host,  issue  as  minute  and  active  winged 
insects.  Fe.w,  if  any,  of  the  insect  depredators  upon  the  Orange  are  with- 
out internal  parasites,  belonging  with  few  exceptions  to  the  Hymenapteray 
an  order  of  four- winged  insects  of  which  the  bees  and  wasps  are  types. 

Owing  to  their  small  size,  and  the  concealment  in  which  they  pass 
the  greater  portion  of  their  lives,  parasites  are  themselves  seldom  seen, 
but  the  extent  of  their  operations  is  sometimes  rendered  apparent  by 
the  great  mortality  which  follows  their  attacks  upon  an  invading  army 
of  plant  enemies.  Sometimes  the  presence  of  a  parasite  within  its  body 
is  indicated  by  a  change  of  form  or  color  which  the  parasitized  insect 
ondergoes  before  its  death,  and  in  any  case,  after  death,  the  work  of 
the  parasite  is  plainly  shown  by  the  round  hole  which,  in  issuing,  it 
leaves  behind  in  the  body  or  the  protective  covering  of  its  host. 

Innocuous  inseots. — Of  these  little  need  be  said  except  that  their 
number  is  legion.  Their  importance  to  the  agriculturist  consists  in  the 
liability  of  their  being  mistaken  for  noxious  insects,  and  thus  diverting 
attention  from  the  real  depredators. 

Many  harmless  insects,  which  are  so  frequently  seen  upon  the  orange 
tree  that  they  may  be  considered  its  regular  attendants,  are  to  a  certain 
extent  benefleial,  and  either  feed  upon  the  various  mosses  and  fungi 
which  accumulate  upon  the  trunk  and  branches,  or  upon  the  lifeless 
wood  and  bark  of  dead  portions  of  the  tree. 

IMPOBTANOE  OF  BISTINGUISHINO  FBIENDS  FBOM  FOES. — Although 

little  can  be  done  to  increase  the  efficiency  of  beneficial  insects,  much 
good  can  at  times  be  accomplished  by  refraining  from  interference  with 
their  operations.  The  orange-grower  often  does  iiyury  to  his  own  in- 
terests through  lack  of  knowledge  in  distinguishing  friends  from  foes, 
and  by  the  indiscriminate  killing  of  all  insects  which  he  finds  upon  his 
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Horticulturists  cannot  l>e  expected  to  acquire  a  technical  knowledge 
of  insects  attainable  only  by  specialists,  but  the  entomologist  can  offer 
in  many  cases  practical  suggestions  to  aid  in  protecting  the  beneficial 
while  accomplishing  the  destruction  of  the  injurious  species.  Id  these 
pages,  wherever  our  present  knowledge  permits,  the  ways  and  means  of 
securing  this  advantage  will  be  indicated,  and  it  is  hoped,  by  the  aid  of 
plain  descriptious  and  figures,  to  render  recognizable  to  the  orange- 
grower  some  of  the  more  important  beneficial  insects  with  which  be  is 
concerned,  as, well  as  the  destructive  kinds  with  which  he  must  con- 
tend. 

m 

PBESENOE  of  CERTAIN  INJURIOUS  INSECTS  INDICATED  BY  ANTS. — 

Many  of  the  Bark-lice  (GoccidsB),  as  well  as  the  common  Plant-louse 
(Aphis)  of  the  Orange  produce  sweetish  secretions,  which  are  greatly 
relished  by  ants ;  indeed,  with  some  species,  the  honey-dew  ejected  by 
these  insects  appears  to  furnish  the  greater  part  of  their  food.  At  all 
events,  whenever  any  of  these  nectar-giving  insects  exist  upon  an  oraoge 
tree,  ants  will  be  found  in  attendance  upon  them,  and  a  stream  of  ants 
ascending  and  descending  the  trunk  of  the  tree  is  an  infallible  indica- 
tion of  their  presence. 

The  ascending  line  of  ants  readily  guides  the  eye  to  the  spot  among 
the  twigs  and  leaves  where  these  enemies  lie  concealed,  and  they  are 
especially  useful  in  indicating  the  whereabouts  of  incipient  colonies, 
which  may  thus  be  destroyed  before  they  have  greatly  increased,  and  by 
their  numbers  and  the  extent  of  their  injuries  have  forced  themselves 
upon  our  notice. 

Young  orange  trees  are  particularly  liable  to  suffer  injury  from  Aphis 
and  the  soft-bodied,  nectar-producing  CoccidsB.  In  the  nursery,  where 
the  greatest  attention  should  be  given  to  prevent  stunting  and  loss  of 
growth,  we  may  pass  rapidly  along  the  rows,  and  by  the  presence  of 
ants  upon  the  stocks  detect  at  a  glance  those  *plants  upon  which  the 
pests  have  obtained  a  foothold. 

SYSTEMS  OF  CTTLTIVATIOlir. 

Influence  of  shade  upon  the  increase  of  insect  pests. — 
Most  insects  love  shade.  Some,  and  among  the  number  Scale- insects, 
the  worst  pests  of  the  Orange,  prefer  the  darkness  and  dampness  pro- 
duced by  dense  masses  of  foliage.  Plants,  on  the  other  hand,  require 
light  and  air,  for  want  of  which  the  inner  branches  pine  and  lose  vital- 
ity, a  condition  which  also  greatly  favors  the  reproduction  of  Scale-in- 
sects. 

The  good  advice  of  the  horticulturist,  *'  Prune  back  excessive  branch 
growth,  give  and  keep  an  open  head  to  the  tree,''  may  be  supplemented 
and  sustained Jby  that  of  the  entomologist,  "Let  in  light  and  air."  Let 
this  not,  however,  be  construed  as  indorsing  the  practice  of  trimming 
high  the  trunks,  and  depriving  them  of  their  spreading  lower  branches, 
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their  best  and  most  nataral  protection  against  extremes  of  heat  and 
cold. 

Clean  cultitbe  or  mulching  peepebable  to  cropping  young 
QROYES. — The  practice  of  planting  crops  between  the  rows  of  young 
orange  trees  is  not  withoat  certain  evil  consequences  in  attracting  dep- 
redators. Many  of  these  do  indirect  damage  only.  Cotton,  for  instance, 
is  attacked  by  the  Cotton  Worm  {Aletia  xyliria)  which,  after  stripping 
the  cotton  plants  of  their  leaves,  gather  upon  the  orange  trees  and  make 
their  cocoons  between  the  leaves.  The  orange  trees  are  fouled  with 
their  webs  and  tangles,  which  foster  Scale-insects. 

A  very  appreciable  amount  of  damage  is  always  inflicted  by  locusts  or 
grasshoppers  ( AcrididsB)  when  succulent  plants,  like  Cotton  or  Cow  Pea, 
are  planted  in  yoang  groves;  and  when  the  system  of  allowing  weeds 
to  grow  about  the  trees  is  pursued,  the  loss  of  growth  from  these  in- 
sects is  sometimes  very  serious.  Older  trees  lio  not  greatly  suffer,  and 
are,  moreover,  able  to  spare  a  portion  of  their  foliage ;  but  very  young 
trees  when  surrounded  by  weeds  are  more  or  less  defoliated  and  checked 
in  growth.  The  tops  of  young  trees  being  small  and  low  their  leaders 
and  tender  shoots  are  gnawed  and  destroyed  as  fast  as  they  appear, 
and  most  of  the  summer  growth  may  thus  be  lost. 

Objection  is  sometimes  made  to  mulching  orange  trees  with  leaves  or 
vegetable  refuse,  on  the  ground  that  the  mulch  attracts  and  harbors 
insects.  Most  of  the  insects  which  Inrk  in  such  places,  however,  are 
predaceous  species,  and  may  be  considered  either  harmless  or  beneficial. 
Very  few  of  them  are  injurious  to  the  orange  tree. 

White  ants  (Termites)  must  be  considered  an  exception  to  this  rule. 
They  are  attracted  by  decaying  vegetable  matter,  especially  by  dead 
wood,  and  sometimes  attack  the  living  tree  at  or  beneath  the  surface  of 
the  ground.  To  avoid  attracting  such  dangerous  neighbors  care  should 
be  had  in  mulching  to  leave  the  crown  of  the  tree  uncovered  and  ex- 
posed to  the  light  and  air.  It  is  also  best  to  exclude  from  the  mulch 
all  solid  masses  of  wood  material,  such  as  chips  and  branches. 

It  is  to  be  noted  in  regard  to  the  common  practice  of  scattering  in  the 
grove  and  about  the  trees  bits  of  wood,  bark,  branches  or  logs,  and  al- 
lowing them  to  decay  upon  the  ground,  that  the  danger  from  this  sys- 
tem of  fertilizing  is  not  always  immediate,  but  consists  rather  in  attract- 
ing termites  and  inducing  them  to  establish  colonies  in  the  vicinity  of 
the  trees,  which  may  indeed  escape  injury  while  an  abundant  supply  of 
dead  wood  remains,  but  are  liable  to  be  attacked  if  this  should  become 
dry  or  partially  exhausted. 

Seasons  of  greatest  insect  activity. — Although  in  Florida  some 
insects  breed  continuously  throughout  the  year,  there  is  a  very  general 
winter  rest  from  November  or  December  to  January  or  February,  ac- 
cording to  the  severity  of  the  sfeason.  The  awakening  in  spring  is 
gradual  and  not  sudden  as  at  the  North. 

In  February  most  of  the  species  of  insects  injurious  to  the  Orange 
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wards  be  removed  by  the  Coccid,  but  firmly  anchor  it  in  place.  -  When 
palled  by  force  from  the  bark  these  long  bristles  separate  and  curl  up, 
and  the  insect  is  powerless  to  reinsert  them  or  to  again  attach  itself  to 
the  plant,  and  must  inevitably  die  of  starvatiou. 

As  soon  as  th/3  young  Bark-louse  begins  to  feed  upon  the  juices  of  the 
plant  excretions  of  wax  commence  to  exude  from  its  body.  There  first 
appear  along  the  sides  and  at  the  end  of  the  body  long  curled  threads 
of  white  wax.  These  form  a  tangled  mass,  enveloping  the  insect ;  but 
this  first  covering  is  very  delicate,  and  after  a  time  it  partially  or  en- 
tirely disappears,  owing  to  the  action  of  the  weather.  It  is  succeeded 
by  a  covering  formed  in  a  similar  manner,  but  of  denser  texture.  Tliis 
second  covering  is  more  persistent ;  it  is  in  fact  the  beginning  of  the 
permanent  scale. 

For  two  or  three  weeks  after  the  formation  of  the  infantile  scale  is 
completed  the  external  appearance  of  the  insect  does  not  change,  but 
within  a  new  body  gradually  forms  and  separates  from  the  larva  skin 
until  the  latter  becomes  a  loosened  envelope,  from  which  finally  the 
new-formed  insect  entirely  withdraws  its  body,  passing  through  a  split 
in  the  under  Side.  The  molted  skin  is  not  abandoned,  however,  but 
remains,  partly  covering  the  Coccid  above,  and  ultimately  forms  the 
summit  or  the  extremity  of  the  permanent  scale. 

With  the  old  larva  skin  are  cast  off  the  now  useless  members  of  the 
larva,  and  the  insect  takes  the  form  of  a  fleshy  sack  of  very  simple  con 
struction.  The  joints  of  the  body  are  indicated  by  fleshy  folds,  and  the 
hair-like  mouth-tube  projects  from  the  under  side  near  one  end  of  the 
body.  The  thin  outer  edge  of  the  last  or  anal  joint  of  the  body  is  fur- 
nished with  minute,  horny  lobes  and  spines,  and  its  upper  and  lower 
surfaces  present  numerous  pores,  through  which  flows  a  viscid  liquid, 
the  material  which  on  hardening  forms  the  protecting  scale.  On  the 
under  side  of  thelast  joint  can  also  be  plainly  seen  the  vaginal  opening, 
through  which  pass  the  eggs  or  young. 

Immediately  after  molting  the  body  of  the  Coccid  expands,  so  that 
it  can  no  longer  be  entirely  covered  by  the  cast  skin  of  the  larva,  and  a 
portion  of  the  broad  terminal  joint  projects  beyond  its  edge ;  but  the 
exposed  parts  are  soon  flooded  with  a  glutinous  fluid,  issuing  from  the 
pores  that  stud  its  surface,  and  this  in  a  few  minutes  hardens,  and 
forms  an  extension  of  the  covering. 

During  the  growth  of  the  insect  which  follows  the  molting  of  the 
larva  skin,  the  scale  covering  receives  repeated  additions  of  these  thin 
lamina,  each  of  which  underlies  and  projects  slightly  beyond  the  pre- 
ceding layer,  and  the  scale  constantly  increases  in  size  and  in  solidity  ; 
while  at  all  times  the  outer  edge  remains  the  thinnest,  and  therefore 
the  most  vulnerable  point.  ^  Thus  the  process  of  growth  at  this  stage  is 
seen  to  be  analogous  to  that  of  snails  or  oysters,  which  form  their  shells 
in  an  exactly  similar  manner. 

A  considerable  interval  having  elapsed  after  tlie  first  molt,  the  fe- 
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males  again  cast  their  skins ;  bat  their  form  at  this  time  remains  an- 
changed.  The  second  skin  like  the  first  remains  in  place  and  forms  a 
part  of  the  scale;  it  is,  however,  less  distinctly  visible  than  the  first 
larval  skin,  being  covered  with  more  or  less  of  the  thick  excreted  ma- 
terial. 

Soon  after  the  second  molt  the  females  are  impregnated  by  the 
males.  Prom  this  time  until  the  scales  reach  their  fall  size  their  growth 
is  very  rapid.  In  the  linear  scales  [Mytilaspis)  the  females  not  only 
increase  in  size  as  their  bodies  become  distended  with  f'ggs,  but  they 
also  shift  somewhat  their  position  under  the  scale,  so  that  finally,  at  the 
smaller  end,  that  portion  which  lies  immediately  under  the  molted  skins 
is  left  vacant.  To  permit  this  movement  sufficient  slack  is  given  the 
flexible  sucking  tube  between  its  junction  with  the  body  and  the  point 
at  which  it  enters  the  bark. 

The  eggs  are  now  laid  under  the  scale,  beginning  at  the  outer  edge. 
As  they  are  deposited,  the  body  of  the  female  shrinks,  and  gradually 
retreats  to  its  former  position,  leaving  the  outer  portion  of  the  scale 
filled  with  eggs.  When  all  her  eggs  are  laid  the  depleted  female  shrivels 
and  dries  up,  and  life  in  her  exhausted  body  gradually  becomes  ex- 
tinct. 

The  Males, — As  crawling  larvse,  and  during  the  time  that  their  scales 
are  forming,  the  males  are  indistinguishable  from,  the  females ;  but 
afier  the  first  molt  difi'erences  begin  to  appear,  and  the  scales  of  the 
males  become  recognizable  by  their  form  or  color,  although  the  insects 
themselves  are  not  markedly  different  until  after  the  second  molt. 

Shortly  before  the  second  molt  of  the  females  the  males  also  cast 
their  skins  a  second  time,  and  in  so  doing  change  to  the  pupa  state.  In 
the  pupa,  the  legs,  wings,  and  other  parts  of  the  perfect  insect  are  grad- 
ually formed  under  a  mask-like  skin,  in  which  the  new  form  is  obscurely 
outlined. 

,  At  the  second  molt  the  male  cjjects  the  skin  from  its  scale,  while  in 
the  female  it  remains  and  forms  a  part  of  the  scale  itself.  In  the  male 
growth  ceases  with  this  molt ;  but  the  scale  of  the  female  is  at  this 
stage  less  than  half  its  full  size;  the  male  scale  is  therefore  much 
smaller  and  thinner  than  that  of  the  other  sex,  and  the  first  larva  skin, 
bat  not  the  second,  forms  part  of  its  structure. 

After  remaining  a  week  or  sometimes  less  in  the  pupa  state  the  pupal 
envelope  is  rent  and  torn  from  its  limbs  by  the  perfect  insect.  This  oper- 
ation takes  place  under  the  scale,  and  the  winged  fiy  leaves  its  shelter 
only  after  a  rest  of  several  hours,  which,  indeed,  may  be  prolonged  into 
days  if  the  weather  does  not  happen  to  be  propitious.  The  exit  of  the 
fly  is  made  by  pushing  up  a  portion  of  the  outer  edge  of  the  scale.  In 
the  elongate  scales  of  Mytilaspis*  the  escape  of  the  male  is  facilitated 
by  a  thin  joint  in  the  scale,  which  permits  the  broad  end  to  be  lifted  as 
a  flap.  The  body  of  the  male  terminates  in  a  spine-shaped  organ,  by 
0521  O  I 2 
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means  of  which  it  is  enabled  to  reach  and  iertilize  the  females  nnder 
their  scales. 

Prof.  J.  H.  Comstock,  whose  minute  and  exhaostive  study  of  the  life- 
histories  of  certain  of  our  common  Scale-insects  has  left  little  to  be  added 
by  subsequent  observers,  has  pointed  out  that  the  lives  of  these  insects 
are  divided  by  their  metamorphoses  into  nearly  equal  intervals.  In 
the  words  of  this  author,  <^  the  three  intervals  between  the  birth  of  the 
female  and  the  first  molt,  between  the  latter  and  the  second  molt,  and 
between  this  and  the  beginning  of  oviposition  are  about  equal."*  The 
first  molt  in  the  male,  and  also  its  second  molt,  or  entrance  into  pupa, 
take  place  at  nearly  the  same  time  with  the  molts  of  the  female.  -The 
existence  of  the  male,  however,  terminates  before  the  completion  of  the 
third  interval  by  the  female. 

The  interval  in  which  the  eggs  are  laid  and  hatched,  and  the  young 
larva)  desert  the  parent  scale,  is  about  equal  to  the  preceding  inter- 
vals. This  fourth  period  completes  the  cycle  of  development,  and  its 
close  witnesses  the  death  of  the  female,  following  the  departure  of  her 
progeny. 

During  the  spring  and  early  summer,  in  the  laboratory  at  Washing- 
ton, twenty  days  appears  to  have  been  the  mean  duration  of  each  in- 
terval ;  in  the  open  air  in  Florida  there  is  cousiderable  acceleration,  due 
to  the  warmer  climate.  This  is  apparent  especially  in  the  later  stages 
of  development,  which  are  greatly  shortened  in  summer.  The  first 
molt  usually  takes  place  within  twenty  days  after  hatching,  but  this 
first  period,  although  more  constant  than  the  following,  varies  with  the 
season  or  in  different  species,  from  sixteen  to  twenty -four  days.  The 
whole  cycle,  or  brood  period  in  winter,  may  cover  three  months,  but  in 
summer,  it  is  reduced  to  five  or  six  weeks. 

Nature  of  the  scale  covering, — As  was  first  clearly  pointed  out  by 
Prof.  0.  V.  Riley  (see  Fifth  Missouri  Entomological  Eeport,  p.  80)  the 
scale  of  the  DiaspinsB  is  a  shield-like  structure,  covering  the  in- 
sect above,  and  wholly  or  partially  protecting  it  beneath.  It  is  con- 
structed, as  we  have  seen,  in  part  of  the  molted  skins  of  the  insect,  but 
mainly  of  a  horny  excretion,  covering  or  surrounding  the  latter,  and  de- 
])osited  by  the  Goccid  in  numerous  fine,  overlapping  layers.  The  under 
layer  is  thinner,  and,  although  perhaps  a  separate  piece,  is  firmly  united 
to  the  upper  scale  at  the  edges,  so  that  the  latter  appear  to  be  turned 
under  at  the  sides.  In  the  long  scales  the  ventral  plate  consists  of  a 
flange  along  each  side,  leaving  in  the  middle  an  open  crevice ;  but  in 
the  oval  or  circular  scales  it  forms  an  unbroken  shield,  which  entirely 
separates  the  body  of  the  insect  from  contact  with  the  bark. 

The  scale  is  permanently  fastened  upon  the  tree,  and  so  closely  molded 
to  its  surface  that  the  pores  of  the  bark  or  the  stomata  of  the  leaf  are 
seen  plainly  stamped  upon  it  when  removed. 

The  materials  of  which  the  scale  is  constructed  are  very  indestructi- 

*  Report  of  Commissioner  of  Agriculture  for  16d0,  p.  280. 
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ble,  and  well  serve  to  protect  the  helpless  organism  which  they  sur- 
Tonnd,  both  from  the  action  of  the  weather  and  the  attacks  of  exter- 
nal enemies.  The  molted  skins  consist  of  chitine,  a  sabstauce  which 
forms  the  hard  external  parts  of  nearly  all  insects,  and  the  excreted 
portion  of  the  scale  is  composed  of  a  sort  of  hardened  wax,  having  the 
toughness  of  horn. 

The  upper  scale  is  therefore  impervious  to  most  liquids,  and  is  not 
soluble  in  acid  or  alkaline  solutions  strong  enough  to  injure  the  plant. 
It  resists  the  action  of  oils  and  of  bisulphide  of  carbon,  an  almost  uni- 
versal solvent.  Many  insecticides  are  therefore  inoperative,  and  all  in- 
soluble substances,  such  as  sulphur,  etc.,  are  clearly  useless,  as  they  do 
not  reach  the  eggs  or  mature  insects.  The  thinner,  ventral  scale  is  not 
impervious  to  the  more  volatile  oils  or  to  alcoholic  solutions,  some  of 
which  reach  and  kill  the  insect  by  penetration  through  the  bark. 

As  the  scale,  like  the  shell  of  the  snail.  Is  formed  by  saccessi|ve  addi- 
tions, and  keeps  pace  in  its  growth  with  that  of  the  body  of  the  insect 
within,  its  vulnerable  point  is  the  growing  end,  and  there  are  times  dur- 
ing its  formation  when  the  posterior  extremity  of  the  insect  projects 
slightly  beyond  it  and  becomes  exposed  to  the  action  of  penetrating 
liquids.  This  is  particularly  the  case  at  the  critical  periods  when  the 
Coccid  sheds  its  skin.  But  when  the  scale  is  fully  completed  and  tightly 
sealed  at  all  points,  no  insect  is  more  difficult  to  reach  and  to  destroy. 

LONG  SCALE. 

{Myiilaspis  gloveriij  Packard.) 
[Plate  III,  fig.  2;  IV;  and  Fig.  3.] 

Orowth  of  the  Scale. — In  the  Long  Scale  the  increase  in  size  takes  place 
chiefly  in  one  direction,  producing  a  linear  body,  which  may  be  either 
straight  or  curved  in  the  form  of  a  cornucopia.  The  first  molt  or  cast 
skin  of  the  wandering  larva  forms  its  extreme  tip,  but  the  delicate  film 
of  wax  which  at  first  coveied  this  skin  disappears,  or  leaves  traces  only 
in  the  form  of  two  minute  projections,  and  its  surface  exhibits  more  or 
less  plainly  marked  indications  of  the  body  joints  of  the  young  louse. 
Beyond,  and  partly  underlying  the  shield-shaped  first  larva  skin,  is  that 
of  the  second  molt,  but  this  skin  is  overlaid  and  imbedded  in  the  sub- 
stance of  the  'scale,  so  that  its  oval  outline  is  faintly  visible  beneath 
the  coating  of  horn.  The  scale  increases  in  width  during  the  first  half 
of  its  growth,  after  which  the  width  remains  the  same  and  the  sides  are 
parallel. 

The  plate  which  forms  the  underside  is  firmly  united  to  the  upper  por- 
tion of  the  scale,  and  projects  beyond  it  on  the  sides,  forming  thin 
flanges,  that  greatly  increase  the  tenacity  of  its  hold  upon  the  bark. 
The  ventral  plate  does  not  entirely  cover  the  under  surface,  but  is  di- 
vided in  the  middle,  leaving  a  long,  narrow  slit,  through  which  the  body 
of  the  insect  comes  in  contact  with  the  bark. 
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The  Scale  of  the  Female  is  brownish,  about  d™""  ( ^  inch)  in  length,  and 
less  than  one-foarth  as  wide ;  there  is,  however,  great  variation  in  size, 
aod  dwarfed  or  malformed  scales  are  numerous.  When  crowded  the 
scales  are  apt  to  be  warped  and  curved,  although  normally  they  are 
straight. 

Tlie  Scale  of  the  Male  is  much  smaller  than  that  of  the  female,  quite 
uniformly  1™™  {-^  inch)  in  length,  and  very  seldom  curved. 

The  colors,  varying  shades  of  brown,  are  lighter,  and  incline  to  yel- 
low in  the  males  and  young,  but  become  dark  mahogany-brown  in  the 
older  females.  The  brighter  color  of  the  forming  scales  gives  warning 
of  the  increase  of  the  pest,  and  to  a  practiced  eye  discloses  the  age  and 
progress  of  the  brood,  even  when  scattered  or  mingled  with  the  debris 
of  former  broods. 

In  the  aggregate,  the  scales,  when  densely  clustered,  have  a  reddish 
hue,  which  has  caused  this  species  to  be  known  in  some  localities  as  the 
"  Red  Scale.^' 

Female  Cocdd, — The  body  is  an  elongate,  flattened  sack,  rounded  at 
the  extremities  and  divided  into  segments  or  joints.  The  posterior 
segment  is  bordered  with  spines  and  plates  of  microscopic  fineness.  Dur- 
ing the  growth  of  the  insect  this  segment  is  the  widest  portion  of  the 
body,  and  upon  its  sarface,  as  upon  a  trowel,  are  laid  the  successive 
additions  to  the  scale.  After  impregnation  it  loses  its  prominence, 
through  the  swelling  of  the  intermediate  joints  of  the  body. 

The  young  and  growing  female^  are  translucent,  waxy  white,  with 
the  thin  outer  edge  of  the  last  joint  yellowish  (chitinous).  As  they  grow 
older,  they  are  tiuged  with  amethyst,  and  toward  the  end  of  their  lives 
become  dark  purple  in  color. 

The  adult  female  is  l.S*""*  {j%-^  inch)  in  length.  Its  sucking  beak  con- 
siderably exceeds  the  body  in  length.  The  structural  details  are  given 
in  the  Report  of  the  Commissioner  of  Agriculture  for  1880,  page  323. 

Male  Cocdd, — ^The  male  is  a  minute  fly,  ^^  inch  in  length.    Its  body  is 


Fio.  8.— JfyCftofpu  glwerii  (Pack.),  male.    (After  Comstock.) 

pale  pink  in  color,  and  three  or  four  times  as  long  as  wide.    The  differ- 
ent joints  of  which  it  is  composed  are  very  closely  united,  but  are  indi- 
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cated  apoD  the  naked  surface  by  a  variety  of  lines,  some  of  which  in- 
close shield' shaped  plates.  Toward  the  head  these  plates  are  small  and 
more  or  less  triangalar;  npon  the  middle  portion,  to  which  the  wings 
are  attached,  they  are  large  and  with  rounded  sides.  The  abdominal 
extremity  is  divided  into  short,  transverse  joints. 

The  head  is  small,  and  bears  upon  its  apex  a  pair  of  rather  heavy, 
many-jointed  antennse,  equal  to  the  body  in  length,  and  clothed  with 
short  hairs.  The  mouth-organs  are  wanting,  but  in  their  place  are  seen 
black  dots,  which  are  said  to  be  supplementary  eyes.  The  true  eyes 
are  also  black  in  color,  and  are  visible  on  the  sides  of  the  head. 

The  front  pair  of  legs  is  placed  well  forward,  and  a  wide  interval 
separates  it  from  the  second  and  third  pairs,  which  underlie  the 
abdomen.  The  wings  are  long,  membranous  paddles,  strengthened  by 
a  vein  with  a  single  branch,  and  supported  by  the  aborted  hind  wings, 
or  balancers,  as  they  are  called.  The  latter  are  minute,  and  terminate 
in  a  hook  which  grapples  a  pocket  in  the  front  wing.  Although  quite 
large,  the  wings  and  also  the  legs  are  weak  and  rather  imperfect  organs 
of  locomotion,  and  the  insect's  powers  of  flight  are  not  good.  The  sex- 
ual organs,  on  the  other  hand,  are  well  developed,  and  consist  exter- 
nally of  a  long,  stout  spine  or  style  at  the  end  of  the  body. 

Eggs. — The  eggs  are  elongate-oval.  .  The  first  laid  are  white;  those 
laid  later  are  tinged  with  purple.    All  become  purple  before  hatching. 

Young  Coccid. — The  newly -hatched  larva  is  sometimes  white,  but  usu- 
ally more  or  less  tinged  and  mottled  with  purple.  It  is  oval  and  flat- 
tened, and  does  not  exceed  y^  of  an  inch  in  length.  The  body  is 
divided  into  a  number  of  unequal  joints ;  the  first  of  these  constitutes 
the  head,  and  bears  a  pair  of  short  antenn»,  provided  with  bristles; 
minute  eyes,  widely  separated,  on  each  margin,  and  mouth-organs  be- 
neath united  to  form  a  sucking  beak.  The  body  terminates  in  two 
bristles  of  extreme  fineness,  which  bend  downwards,  and  are  dragged 
after  the  insect  as  it  walks. 

Life-history. — ^The  development  and  formation  of  the  scale  in  the 
Diaspinse  has  already  been  described.  The  history  of  the  Long  Scale 
presents  few  peculiarities.  The  newly-hatched  larva  wanders  about  for 
a  very  short  time.  As  soon  as  it  has  settled  upon  the  bark  it  begins 
to  emit  along  its  sides  threads  of  wax,  which  in  a  few  days  form  a  white 
film,  and  gradually  cover  the  body,  beginning  from  behind  and  ending 
in  front  in  two  short,  hor^-like  projections.  Some  of  the  threads  stand 
out  from  the  rest ;  being  long  and  curly,  they  are  fragile  and  easily 
broken  by  the  wind,  but  in  calm  weather  they  sometimes  accumulate, 
and  form  cottony  tufts  or  tangles. 

This  first  covering  is  evanescent,  but  traces  of  it  remain  in  the  horn- 
like projections  on  the  sides  of  the  head. 

The  casting  off  of  the  larva  skin,  or  first  molt,  takes  place  eighteen  or 
twenty  days  after  birth,  and  immediately  after  this  the  formation  of  the 
tme  scale  is  begun.    The  first  layers  of  horn  are  united  to  the  hinder 
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end  of  the  larva  skin,  and  partly  underlie  it.  They  are  thin  and  trans- 
parent, bat  as  each  saccesslve  layer  adds  to  -their  thickness,  they  de- 
velop a  yellow  color,  which  darkens  at  lenfjth  to  brown. 

In  the  new  form  assumed  by  the  insect  after  the  molt  the  hinder  end 
is  broadly  dilated,  and  as  this  portion  of  the  body  forms  and  determines 
the  width  of  the  scale,  the  latter  for  awhile  increases  in  width  as  it 
grows  in  length.  After  the  second  molt  in  the  female  the  extremity  of 
the  body  ceases  to  grow  in  width,  and  the  portion  of  the  scale  formed 
after  this  molt  is  linear,  i.  6.,  has  the  sides  parallel. 

The  second  molt  of  the  female  occurs  at  the  age  of  six  or  seven  weeks. 
The  male  molts  and  changes  to  pupa  a  week  or  ten  days  earlier,  and  as 
the  time  required  for  this  transition  period  is  quite  short,  during  the 
time  that  the  females  are  casting  their  skins  many  of  the  males  oom- 
plete  their  transformations  and  issue  from  their  scales  as  winged  flies. 

After  the  second  molt  the  scale  of  the  female  continues  to  grow,  and 
more  than  doubles  its  length,  but  increases  little  in  width. 

In  nine  or  ten  weeks  from  her  birth  the  female  begins  to  deposit  eggs. 
At  this  time  her  body,  although  greatly  elongated  and  distended  with 
ova,  does  not  entirely  fill  the  scale  ^  a  space  equal  to  about  one-quarter 
of  its  entire  length  is  left  vacant  at  the  upper  or  narrow  end.  The 
female  is  able,  by  means  of  the  serrated  edges  of  her  body,  to  make  a 
slight  forward  and  backward  movement  within  this  vacant  space. 

The  eggs  are  laid  in  two' rows,  and  are  placed  obliquely,  the  eggs  of 

• 

one  row  alternating  and  interlocking  at  the  ends  with  those  of  the  other. 
The  namber  of  eggs  laid  by  a  single  female  varies  greatly,  but  rarely 
exceeds  thirty.  The  deposition  of  her  eggs  occupies  the  female  from 
one  to  three  weeks,  according  to  the  season.  The  eggs  hatch  within 
one  week,  unless  retarded  by  cold  weather.  The  first  laid,  those  at  the 
outer  end,  are  the  first  to  hatch,  but  the  young  lice  usually  remain 
several  days  under  the  parent  scale.  The  eggshells  are  left  in  place  in 
the  scale,  but  their  arrangement  is  somewhat  disturbed  by  the  move- 
ments of  the  latest  hatched  young  in  making  their  escape. 

The  female  after  depositing  all  her  eggs  is  much  shrunken,  and  be- 
comes very  dark  purple  in  color.  .  The  end  of  her  existence  is  passed  in 
that  portion  of  the  scale  which  she  occupied  at  the  time  of  the  last 
molt. 

Brood  Periods. — ^Thore  are  at  least  three  and  sometimes  four  genera- 
tions of  Long  Scale  during  the  year,  but  the  division  into  separate 
broods  is  not  as  distinct  and  clearly  defined  as  with  many  other  in- 
sects. The  open  winters  in  countries  where  the  Orange  is  grown  per- 
mit continuous  breeding  throughout  the  year,  and  at  all  seasons  scales 
in  every  stage  of  development  may  be  found  upon  the  trees. 

Not  only  does  the  time  required  by  the  insect  for  its  development 
vary  greatly  in  different  seasons,  and  under  varying  conditions,  but 
also  individual  insects  in  each  brood  undergo  their  transformations 
at  unequal  intervals,  some  far  outstripping  the  rest  and  others  lagging 
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behind.  This  scattering  in  early  broods  confuses  the  succeeding  ones 
and  renders  it  impossible  to  assign  to  each  an  exact  season  or  in- 
variable duration.  But  although  the  limits  of  each  brood  cannot  be 
exactly  defined,  the  general  progress  in  development  may  be  known  at 
any  time  by  the  condition  of  the  majority  of  the  scales. 

Thus  there  are  times  when  the  number  of  migrating  young  reaches  a 
maximum,  and  the  application  of  remedies  then  proves  particularly 
effective. 

Three  such  periods  occur:  The  first  in  spring,  usually  in  March,  but 
sometimes  extending  into  April;  the  second  in  June  or  July;  the  third 
in  September  or  October.  During  the  winter  months,  if  the  season  is 
a  mild  one,  there  is  a  fourth,  very  irregular  brood  beginning  in  January 
and  continuing  through  this  and  the  following  month.  The  spring  brood 
that  follows  is  greatly  confused.  In  cold  and  rainy  winters  the  batch* 
ing  process  is  retarded,  and  the  appearance  of  the  larvsB  on  the  return 
of  warm  weather  is  more  nearly  simultaneous  than  in  ordinary'  seasons. 

ParatUes. — Upon  closely  examining  a  branch  or  leaf  infested  with 
scales  of  Mytilaspis  gloveriij  there  will  always  be  found  a  certain  num- 
ber which  have  through  their  upper  surface  a  small,  round  hole.  The 
scales  thus  perforated  are  invariably  females  which  have  not  quite  com- 
pleted their  growth.  They  are  empty  or  occupied  by  mites  or  other  in- 
truders, and  the  only  trace  of  the  original  inhabitant  which  they  con- 
tain is  its  dry,  distended  skin ;  this  is  also  pierced  with  a  round  hole, 
placed  directly  beneath  the  one  in  the  outer  shell. 

These  are  the  exit  holes  of  Hymenopterons  parasites,  the  most  effect- 
ive enemies  of  the  Scale-insect,  and  which,  after  destroying  the  maker 
of  the  scale,  and  after  completing  their  own  transformations  in  its  room, 
have  eaten  their  way  through  its  skin  and  its  shell,  appearing  finally  as 
minute  four-winged  files,  both  male  and  female. 

The  female  parasite,  when  seeking  to  deposit  her  eggs,  probes  about 
the  edges  of  the  scale  in  order  to  find,  if  possible,  an  open  crevice  through 
which  to  insert  her  slender  ovipositor.  Failing  in  this  she  bores  directly 
through  the  scale,  using  her  ovipositor  as  a  dlill,  and  in  this  way  inserts 
within  the  body  of  the  Coccid  a  single  egg. 

The  footless  grub  that  hatches  from  this  egg  lives  within  the  body  of 
the  Scale-insect  and  gradually  consumes  it.  When  nothing  is  left  but 
the  empty  skin  of  its  host  the  little  parasite,  now  swollen  to  an  almost 
globular  form,  transforms  first  to  a  pupa,  and  then  to  the^perfect  fly, 
which  at  last  makes  its  appearance  through  a  hole  eaten  in  the  walls 
that  surround  it. 

Several  distinct  species  of  these  minute  parasites  attack  the  Long 
Scale.  They  are  about  -fJv  inch  in  length,  with  an  expanse  of  wing 
equal  to  nearly  twice  their  length.  The  head  is  large,  with  large  com- 
pound eyes,  and  three  minute  simple  eyes  (ocelli)  like  jewels  set  upon 
its  vertex.  The  body  is  rather  short  and  thick.  The  wings  are  trans- 
parent and  beautifully  iridescent ;  they  are  strengthened  for  a  portion  of 
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their  leogth  by  a  stout  vein,  placed  very  near  the  margin,  and  having  a 
short  spur  or  branch  at  or  near  the  end  of  the  vein.  The  front  wing!) 
are  broader  outwards  and  rounded  at  the  tips.  The  hind  wings  are  nar- 
row and  more  pointed  at  the  ends.  The  antennsd  are  elbowed,  and 
clubbed  at  the  ends;  they  arise  from  the  anterior  face  of  the  head,  in 
fi'ont  of  the  eyes. 

In  Aphelinus  fuscipennia  Howard,  the  general  color  is  yellow,  with  a 
black  band  across  the  head  behind  the  eyes,  and  several  dusky  bands 
upon  the  body.  The  wings  are  clouded  with  patches  of  smoky  brown. 
Length,  a6°»°»  (yj^  inch). 

Aphycus  flavus  Howard,  is  uniformly  yellow  in  color,  with  clear 
wings.    Length,  1.2°*°,  (y^  inch). 

Under  the  name  Aphelinua  aspidioticola,  Mr.  Ashmead  (Orange  In- 
sects, page  7)  describes  another  parasite  of  the  Long  Scale,  which  has 
a  reddish  brown  or  dusky  body,  yellowish  legs,  and  clear  wings.  It  is 
yj^  inch  in  length.  According  to  Mr.  Howard,  this  insect  is  not  an 
AphelintiSj  but  belongs  to  an  unknown  genus  of  another  family. 

These  parasites  attack  the  female  Long  Scale  insect  about  the  time  of 
her  impregnation,  and  their  egg  is  deposited,  not  simply  beneath  the 
scale,  or,  as  some  writers  have  affirmed,  among  the  eggs  of  the  Ooccid, 
but  within  the  body  of  the  Ooccid  itself.  The  presence  of  the  parasite 
within  her  body  destroys  the  fecundity  of  the  Scale-insect  and  she 
liually  dies  without  reproducing  her  kind. 

So  effective  are  the  attacks  of  these  internal  enemies,  that  not  less 
than  25  per  cent,  of  the  scales  are  destroyed  by  them,  and  at  times  their 
numbers  increase  to  such  an  extent  that  colonies  of  Long  Scale  are 
reduced  almost  to  extermination. 

Observations  made  at  various  seasons  of  the  year  indicate  a  greater 
abundance  of  the  parasites  in  fall  and  winter,  but  they  are  unfailing 
attendants  upon  every  brood  of  the  Scale-insect.  The  result  of  twenty- 
five  detailed  examinations  in  early  spring  gives  an  average  of  76  per 
cent,  of  the  scales  destroyed  by  Hymeuopterous  parasites.  Ten  exam- 
inations during  the  summer  months  give  aii  average  of  35  per  cent.,  or 
one-half  that  of  spring.  Fifteen  observations  in  autumn  and  the  be- 
ginning of  winter  give  an  average  of  40  per  cent,  of  scales  parasitized. 

The  activity  of  these  insects  is  not  perceptibly  diminished  by  cool 
weather,  which  on  the  other  hand  greatly  retards  the  development  of 
the  Scale  insect.  It  is  not  therefore  surprising  that  three-quarters  of 
the  winter  brood  perish  from  the  attacks  of  these  enemies. 

Geographical  Distribution,  First  appearance  in  the  United  States. — ^The 
Long  Scale  is  supposed  to  have  originated  in  Ohina,  and  to  have  spread 
thence  to  the  orange  groves  of  southern  Europe  and  the  United  States. 
According  to  one  authority*  it  made  its  appearance  in  Florida  in  1838 1 


'Brown's  '* Trees  of  America/'  cited  by  Glover,  Rept.  Commissioner  Patents  for 
1655,  Agriculture,  p.  117.    See  also  Report  for  1858,  p.  266. 
t  Ashmead  (Orange  Insects,  p.  1)  gives  the  date  1835. 
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at  Maudariu,  on  the  Saint  JoIiu'h  Eiver,  and  was  first  seen  in  the  grove 
of  Mr.  H.  B.  Robinson,  upon  trees  purchased  in  New  York  from  a  ship 
from  China. 

In  1840  it  was  carried  to  Saint  Augustine  on  trees  obtained  at  Man- 
darin, and  spread  rapidly  through  the  groves  of  that  vicinity.  Fifteen 
years  lat«i-  the  same  author  records  the  spread  of  the  pest  throughout 
all  the  groves  then  existing  in  the  State,  and  says :  ^^  Most  of  the  culti- 
vatecl  orange  trees  in  Florida  have  also  been  injured  by  them,  their  tops 
and  branches  having  been  generally  destroyed.  Their  roots  and  stems, 
it  is  true,  remain  alive  and  annually  send  forth  young  shoots,  only  to 
share  the  fate  of  their  predecessors." 

The  disastrous  results  of  this  invasion,  which,  twenty-five  years  ago, 
broaght  ruin  to  the  orange  industry,  and  seemed  likely  to  end  in  the 
extermination  of  the  Orange  in  this  country,  were  due  no  doubt  to  the 
almost  complete  absence  of  parasites  at  the  first  advent  of  the  Scale- 
insect,  and  for  some  years  after  it  had  obtained  a  foothold.  Glover, 
writing  in  1857  an  account  of  the  ravages  of  this  Scale-insect  in  Florida, 
notes  the  complete  absence  of  parasites,  although  flies  belonging  to  the 
family  of  the  Chalcididw  were  found  to  do  efficient  service  in  destroying 
Bark-lice  of  other  and  indigenous  species.* 

At  the  present  day,  although  this  Scale-insect  is  everywhere  dissemi- 
nated in  the  groves  of  Florida  and  Louisiana,  and  likewise  infests  the 
wild  orange  trees,  however  remote  from  cultivated  plantations,  the  de- 
structive hordes  are  held  in  check  by  the  effective  attacks  of  parasites 
everywhere  accompanying  the  Bark-lice,  and  increasing  with  their  in- 
crease,  so  that  no  general  onslaught  of  the  Long  Scale  at  least  is  likely 
ever  again  to  occur  in  this  country,  and  only  local  irruptions  of  the  pest 
need  be  feared. 

*  Report  of  Commissioner  of  Patents  for  1858,  Agricalture. 


CHAPTER  IL 

DiASPINiB— Continaed. 

PURPLE  SCALE, 

{Mytilaspis  citricolaj  Packard.) 

[Plate  III,  Fig.  1,  la,  16,  le.] 

Scale  of  Female. — The  scale  of  this  species  is  larger  than  that  of  the 
Long  Scale.  Large  females  exceed  3»°"»  {-^  inch)  in  length.  The  form 
is  broadly  trumpet-shaped,  increasing  in  width  behind,  sometimos 
curved,  like  a  cornucopia,  but  never  with  the  sides  parallel.  The  sur- 
face is  smooth  and  even  glossy,  and  the  color  varies  with  age  from  light 
to  dark  red-brown  and  purple.  The  molted  larva  skins  are  very  plainly 
indicated;  they  are  browned  by  the  sun  so  as  to  appear  scorched. 

Scale  of  Male. — ^The  scale  of  the  male  is  less  than  half  as  long  as  that 
of  the  female  (1.4™™  =  ySi^  inch);  it  is  also  more  linear  in  shape,  and 
uniformly  dark  purple  in  color.  The  thin  hinge  is  always  indicated  by 
a  line  of  lighter  color  across  the  upper  surface  of  the  scale,  near  the 
outer  end. 

The  purple  color  of  the  male  scales  gives  the  mass  of  scales  in  the 
aggregate  a  characteristic  hue,  which  readily  distinguishes  this  species 
from  all  others  found  upon  the  Orange. 

Female.  -The  insect  within,  as  well  as  its  outer  covering,  has  a 
broader  and  less  linear  form  than  the  Long  Scale.  The  two  species 
also  differ  in  the  number  and  structure  of  the  microscopic  plates  and 
spines,  with  which  the  margins  of  the  last  two  joints  of  the  body  are 
armed.  The  number  of  excreting  pores  and  spinnerets  is  greater  in  M. 
citricola  than  in  if.  gloverii. 

Mature  females  of  the  Purple  Scale  are  1.3™™  (-j^iy  inch)  in  lenirth, 
and  occupy  less  than  half  the  space  within  their  completed  scales.  The 
color  is  white,  tinged  with  yellow  at  the  extremities. 

Male.  —The  male  and  also  its  jiupa  are  pale  amethyst  in  color.  The 
perfect  insect  is  about  1™™  (j^  inch)  in  length,  and,  excepting  in  its 
somewhat  stouter  form,  hardly  differs  from  the  male  of  the  preceding 
species. 

^gg^ — The  eggs  are  pearly  white,  never  amethystine,  0.2™™  (t-Atx  inch) 
long,  elongate  oval,  often  somewhat  distorted  in  shape  by  crowding. 
They  are  laid  usually  in  four  rows,  but  the  eggs  at  the  outer  end  are 
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irregularly  disposed,  and  sometimes  the  whole  arrangement  is  coufnsed. 
The  number  laid  by  a  single  female  greatly  exceeds  that  of  tho  Long 
Scale;  it  varies  from  twenty-five  to  seventy,  with  a  probable  average 
of  forty-five. 

Young  Larva. — ^The  uewlyhatched  young  is  irregularly  oval  in  shape, 
0.3»»  {j^  inch)  in  length,  and  of  a  transparent  white  color,  with  a 
tinge  of  yellow  at  the  extremities.  The  antennse  are  stout,  six-jointed. 
The  eyes  are  minute,  and  of  so  fiery  red  a  color  that  they  resemble 
grains  of  cayenne  pepper.  The  two  bristles  at  the  end  of  the  body  are 
almost  invisible  by  reason  of  their  fineness. 

Life  history, — The  metamorphoses  of  this  species  are  exactly  paral- 
leled by  those  of  the  Long  Scale,  and  are  undergone  in  about  the  same 
periods  of  time.  The  broods  of  one  species  are  sometimes  in  advance  and 
at  other  times  slightly  behind  those  of  the  other. 

Habitat. — Like  the  Long  Scale,  this  species  is  found  upon  the  twigs 
jiiid  branches,  but  has  a  somewhat  stronger  tendency  to  overrun  the 
/eaves  and  fruit.  It  is  apt  to  infest  the  Lemon,  Citron,  and  those  varie- 
ties of  Orange  which  have  large  oil  cells  (Tangerine,  etc.).  Although  it 
w  most  at  home  upon  the  Orange  and  its  kind,  this  scale  is  not  exclu- 
sfveJy  confined  to  plants  of  this  family,  but  is  probably  a  general  feeder 
i{)on  plants  of  the  order  Bosa^cecBy  which  includes  nearly  all  of  our  fruit 
rees. 

Origin  and  Spread. — ^The  Purple  Scale  must  be  a  common  pest  in  most 
ouDtries  where  the  Orange  is  grown,  for  it  is  very  frequently  seen  upon 
mported  plants  and  upon  foreign  fruit  in  the  northern  markets.  In 
Florida  it  is  fortunately  not  as  common  as  the  Long  Scale.  It  is,  how- 
ver,  more  abundant  in  the  northern  than  in  the  southern  portions  of 
he  orange  belt.  It  is  frequently  associated  with  the  Long  Scale,  and 
niDg^growers  do  not  readily  distinguish  the  two  species. 
The  introduction  of  the  species  into  this  Country  probably  took  place 
.t  an  early  date,  but  no  certain  knowledge  of  its  first  appearance 
xists.  Mr.  Ashmead  (Orange  Insects,  p.  26)  and  Professor  Comstock 
Beport  Commissioner  of  Agriculture  for  1880,  p.  323)  both  give  Glover  as 
iQthority  for  the  statement  that  this  scale  was  imported  into  Jackson- 
ille,  Fla.,  in  1855,  on  some  lemons  sent  from  Bermuda,  but  in  the 
itatiou  given  Glover  refers  to  an  entirely  different  scale,  less  than  half 
be  size  of  Mytilaspis  citricolaj  of  a  different  shape  and  habit,  and  which 
irom  his  imperfect  description  appears  to  be  the  Chaff  Scale,  Parlatoria 
>ergandii  Comstock. 
Parasiteif. — The  parasites  of  Mytilaspis  citricola  and  M.  glaverii  are 
jentical,  and  the  mode  of  attack  is  in  both  cases  the  same. 
Descriptions  of  several  species  will  be  found  in  the  Beport  of  the 
'ommissioiier  of  Agriculture  for  1880. 
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RED  SCALE  OF  FLORIDA, 

{Aspidiotus  JicuSj  Ashmead.) 
[Figs.  4  and  5.] 

The  following  account  of  this  species  is  given  in  the  Beport  of  the 
Oommissiouer  of  Agriculture  for  1880,  page  296 : 

"  Scale  of  Female.  —The  scale  of  the  female  is  circular,  with  the  exuviae 
nearly  central ;  the  position  of  the  first  skin  is  indicated  by  a  nipple- 
like prominence,  which  in  fresh  specimens  is  white,  and  is  the  remains 
of  a  mass  of  cottony  excretion,  beneath  which  the  first  skin  is  shed. 
The  part  of  the  scale  covering  the  second  skin  is  light  reddish-brown  j 
the  remainder  of  the  scale  is  much  darker,  varying  from  a  dark  red- 
dish-brown to  black,  excepting  the  thin  part  of  the  margin,  which  is 
gray.  When  fully  grown  the  scale  measures  2»»°*  (.08  inch)  in  diameter. 
In  some  specimens  the  part  covering  the  exuviae  is  depressed,  and 
when  the  scale  is  removed  from  the  leaf  and  viewed  under  a  micro- 
scope with  transmitted  light,  the  exuviae,  which  are  bright  yellow, 
show  through  this  part,  causing  it  to  appear  as  described  by  Mr.  Ash- 
mead. This,  scale  is  represented  in  Fig.  5,  natural  size;  Fig.  5a,  en- 
larged.    •    •    » 

^^Egg. — The  eggs  are  pale  yellow. 

''^  Scale  of  Male. — The  scale  of  the  male  is  about  one-fourth  as  large  as 
that  of  the  female ;  the  posterior  side  is  prolonged  into  a  thin  flap, 
which  is  gray  in  color ;  in  other  re  spects  the  scale  appears  like  that  of 
the  female.    (Fig.  5fc,  enlarged.) 

*'  Male. — (Fig.  4.)  The  male  is  ligbtorange-yellow  in  color,  with  the  tho- 
racic band  dark  brown  and  the  eyes  purplish-black.  It  very  closely  re- 
sembles the  males  of  A,4iurantiij  but  differs  from  that  species  in  being 


Fig.  i.—A9pidiottu fieua  (Ashin.),  male.     (After  Comstock.) 

a  smaller  insect,  with  shorter  antennae,  longer  style,  wider  thoracic  band, 
and  with  the  pockets  of  the  wings  for  the  insertion  of  the  hair  of  the 
poisers  farther  from  the  body. 

"  Development  of  the  Insect  and  formation  of  the  Scale. — The  development 
of  this  insect  from  the  agg  to  the  adult  state  was  followed  through  five 
generations.    I  give,  however,  only  the' substance  of  a  part  of  the  notes 
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taken  on  a  single  brood — the  second  one  observed — as  that  will  be  suffi- 
cient for  onr  purpose.  The  observations  were  made  upon  specimens 
which  were  colonized  on  small  orange  trees  in  pots  in  my  office  in  Wash- 
ington. The  rate  of  the  development  of  the  insects  was  probably  slower 
than  would  have  been  the  case  in  the  open  air  in  Florida. 

*^  April  12, 1880,  specimens  of  orange  leaves  infested  by  this  scale  were 
received  from  Mr.  G.  W.  Holmes,  Orlando,  Fla.  At  this  date  male« 
were  found  both  in  the  pnpa  and  adult  state.  The  females  also  varied 
in  size,  and  some  of  them  were  ovipositing.  Eggs  were  placed  on  an 
orange  tree  for  special  study. 

"April  13,  the  eggs  began  to  hatch.    The  newly-hatched  larva  (Fig. 


F1|E.  S.^Aspidiottu  Jle%u  (Aithra.).  5,  scales  on  Iraves  of  orange,  natural  nizo;  a.  scale  of  female 
enlarfed ;  b,  scale  of  male,  enlarged ;  e,  young  larva;  d,  e,  and/,  different  stages  in  the  formation  of  tbe 
•cale .    ( A  f ter  Comstock. ) 

oc)  is  broadly  oval  in  outline  and  yellow  in  color.  The  antennae  are 
five-jointed ;  the  three  basal  joints  are  very  short  and  nearly  equal  in 
length  ;  the  fourth  and  fifth  joints  are  each  longer  than  the  three  basal 
joints  together.  The  fifth  joint  is  strongly  tuberculated  at  tip  so  as  to 
appear  bifurcated.  The  eyes  are  prominent  and  of  the  same  color  as 
the  body.  The  young  larvse  are  quite  active,  but  they  settle  soon  after 
hatching.    Some  settled  the  same  day  that  they  hatched. 

"April  14,  it  was  found  that  the  young  lice,  although  only  twenty -four 
hours  old,  had  formed  scales  which  completely  concealed  them  from 
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sight  These  scales  resembled  in  appearance  the  fraiting  organs  of  eer. 
tain  minnte  fungi.  They  were  white,  circnlar,  convex,  with  a  slightlj 
depressed  ring  round  the  central  portion  (Fig.  5d) ;  their  texture  was 
quite  dense,  and  they  were  not  firmly  attached  to  either  the  insects  or 
the  leaf,  a  slight  touch  being  sufficient  to  remove  them  without  disturb- 
ing the  larvse.  The  larvse  had  not  changed  in  appearance,  and  were 
able  to  move  their  legs  and  antennas. 

''April  15,  the  lice  had  not  changed  perceptibly.  The  scales  had  be- 
come higher  and  more  rounded. 

"April  16,  the  lice  had  contracted  considerably,  being  now  nearly  cir- 
cular, at  least  as  broad  as  long;  in  other  respects  there  was  no  apparent 
change.  The  scales  were  found  to  vary  somewhat;  those  most  advanced 
having  the  central  portion  covered  with  a  loose  mass  of  curled  white 
threads.    (Fig.  5e.) 

"  April  17,  there  was  apparent  no  further  change  in  the  larva ;  but  the 
mass  of  threads  covering  the  central  part  of  the  scale  was  found  in  some 
specimens  to  have  greatly  increased  in  size,  equaling  in  height  three  or 
four  times  the  width  of  the  scale.  This  mass  is  cottony  in  appearance, 
and  in  those  specimens  where  it  is  largest  is  more  or  less  in  the  form  of 
a  plate  twisted  into  a  close  spiral  (Fig.  5/). 

''  April  19,  not  much  change  was  apparent  in  the  larva,  but  the  mass  of 
cottony  excretion  upon  some  of  the  scales  had  increased  enormously ;  so 
that  in  some  cases  it  extended  in  a  curve  from  the  scale  to  a  point  five 
times  the  width  of  the  scale  above  the  leaf  and  down  to  the  leaf. 

''  April  20,  no  important  change  was  observed  either  in  the  larvsB  or 
scalesf 

''April  21,  it  was  observed  that  the  larvie  had  become  more  or  less 
transparent,  and  marked  witli  large  irregular  yellow  spots  near  the 
lateral  margin  of  the  head  and  thorax,  and  with  a  transverse  row  of 
similar  spots  across  the  base  of  the  abdomen ;  the  tip  of  the  abdomen 
is  very  faintly  yellow. 
.  "April  22,  no  important  change  was  noted. 

"  April  23,  it  was  observed  that  the  scales  appeared  faintly  reddish  in 
color  with  the  center  white;  the  reddish  color,  however,  was  due  in  part 
to  the  body  of  the  larva,  which  is  now  orange-red,  showing  through  the 
scale.  It  should  be  noted  that  in  only  a  part  of  the  specimens  did  the 
cottony  mass  become  enlarged  as  represented  in  Fig.  5/.  The  greater 
part  of  the  scales  remained  until  this  date  of  the  form  shown  in  Fig.  6e, 
and  the  cottony  spirals  have  now  disappeared,  probably  having  been 
blown  away. 

"April  24,  some  of  the  larvae  had  become  deep  orange  in  color. 

"  April  26,  most  of  the  scales  had  become  deep  orange  in  color  with  the 
central  part  white ;  some  had  at  the  center  a  small  nipple  like  protu- 
berance; others  still  preserved  a  short  tuft  of  a  cottony  excretion. 
This  tuft  is  either  removed  by  wind  or  otherwise,  or  it  becomes  com- 
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pMt,  meltedy  as  it  were,  to  form  the  nipple-like  projection  referred  to 
ibore. 
'^ipril  2&y  the  inseots  appeared  as  they  did  two  days  ago ;  the  scales 

had  become  very  tongh,  and  it  was  with  difficulty  that  they  coald  be 

removed  from  the  insect. 
'^  April  30y  the  insects  still  remained  apparently  unchanged.    Some  of 

the  scales  were  only  about  one-half  as  large  as  others,  and  still  remained 

perfectly  white ;  these  proved  to  be  male  scales.    All  the  scales  at  this 

date  bad  an  elevated  ring  on  the  disk  with  a  central  nipple. 

'^May  3,  many  of  the  larvsB  began  to  show  that  they  were  about  to 
molt,  the  form  of  the  next  stage  being  visible  through  the  skin  of  the 
insect. 

''May  5,  nearly  all  of  the  larvsB  had  molted }  they  were  now  orange- 
yellow,  with  the  end  of  the  body  colorless.  The  last  abdominal  segment 
DOw  presents  the  excretory  pores  which  are  represented  in  the  drawing 
of  the  corresponding  segment  of  the  adult  female.  (Fig.  5.)*  The  molted 
skin  adheres  to  the  inside  of  the  little  scale,  and  therefore  cannot  be 
feen  from  the  qutside.  The  scales  are  now  pink,  or  rose  colored,  with 
the  center  white. 

^May  14,  the  insects  had  become  a  somewhat  paler  yellow,  with  the 
anal  segment  slightly  darker.  Most  of  the  scales  were  now  dark  pur- 
ple. On  removing  an  insect  a  very  delicate  round  white  plate  was  ob- 
served adhering  to  the  leaf  where  the  mouth  parts  were  inserted. 

^*«May  18,  the  male  scales  were  fully  grown.  At  this  stage  they  were 
dark  reddish  brown  in  color,  with  the  center  white,  and  the  posterior 
«ide,  which  is  elongated,  gray.  At  this  date  some  of  the  males  had 
transformed  to  pnpse;  others  were  still  in  the  larva  state;  these  larvae 
were  covered  with  roundish,  more  or  less  confluent  yellow  spots,  leaving 
only  the  margin  colorless ;  the  end  of  the  body  was  pale  orange.  The 
newly-transformed  pupsd  resembled  in  markings  the  larvse  just  described. 
None  of  the  females  had  yet  molted  the  second  time ;  their  color  was 
deep  orange. 

^*  May  21,  nearly  all  of  the  males  had  changed  to  pupsd.  It  was  observed 
that  the  last  larval  skin  is  pushed  backwardsfrom  under  the  scale,  to 
the  edge  of  which  it  frequently  adheres. 

^  May  24,  none  of  the  male  pupae  had  transformed  to  the  adult  state. 

^'May  29,  it  was  found  that  during  the  five  days  previous  more  than 
one-half  of  the  males  had  issued,  and  the  remainder,  though  still  under 
the  scales,  were  in  the  adult  state.  It  was  now  forty-seven  days  from 
the  time  the  larvae  hatched. 

^^  Jnne  2,  no  males  could  be  found ;  the  females  were  about  one-half 
grown,  and  were  whitish  with  irregular  yellow  spots. 

**  Jane  9,  eggs  were  observed  within  the  body  of  a  female. 

^<  June  17,  it  was  found  that  one  of  the  females  had  deposited  nine  eggs, 
of  which  six  had  hatched.    This  is  sixty  six  days  from  the  hatching  of 


*  Thif  figore  zefereno«  is  to  the  origmal  report  and  not  to  Fig.  5  of  this  report. 
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the  egg,  and  probably  about  twentj'  days  after  impregnation  of  the 
female. 

'*The  insects  of  this  brood  continued  to  oviposit  until  July  1. 

"  Number  of  generations  per  year, — This  insect,  living  on  orange  trees  in 
a  room  on  the  north  side  of  a  building  in  W^ashiugton,  passed  through 
five  generations  in  less  than  one  year;  the  average  time  occupied  by  a 
single  generation  was  a  little  less  than  seventy  days.  It  is  probable 
that  in  the  open  air  in  Orange  County,  Florida,  there  are  at  least  six 
generations  each  year. 

^'  Hahitat — Although  I  have  carefully  explored  many  orange  groves  in 
Florida  and  California,  and  have  had  an  extensive  correspondence  with 
orange-growers,  I  have  been  unable  to  find  this  species  in  the  last- 
named  State,  and  have  found  it  only  in  a  single  grove  in  Florida.    This 
is  the  grove  of  Messrs.  Holmes  and  Robinson,  near  Orlando,  in  Orange 
County.    The  insects  were  first  observed  here  in  the  spring  of  1879  on  a 
sour-orange  tree  which  was  brought  from  Havana,  Cuba,  in  1874.     On 
learning  these  facts  I  sent  specimens  to  a  friend  at  Havana  in  order  to 
ascertain  if  the  species  occurred  there.    He  at  once  returned  me  other 
specimens  with  tLe  information  that  it  is  a  very  common  pest  in  public 
gardens  of  that  city. 

"This  species  infests  the  limbs,  leaves,  and  fruit  indiscriminately.  In 
the  grove  of  Messrs.  Holmes  and  Kobinson  it  has  spread  slowly.  The 
large  trees  which  are  infested  do  not  seem  to  suffer  much  from  it,  but  the 
young  trees  are  greatly  injured  by  it.  Mr.  Holmes  considers  the  dis- 
figuring of  the  fruit  as  the  worst  feature  of  the  pest.  The  insect  has 
multiplied  to  such  an  extent  upon  the  trees  upon  which  I  colonized  it  in 
my  breeding-room,  that  nearly  all  of  them  have  been  destroyed.  The 
species  is  certainly  one  that  is  greatly  to  be  feared,  and  there  is  no 
doubt  that  it  would  be  a  good  investment  for  the  orange-growers  of 
Florida  to  eradicate  the  pest,  even  if  in  doing  so  it  is  found  necessary 
to  purchase  and  destroy  all  infested  trees.  This  could  be  done  now 
easily,  but  if  delayed  a  few  years  the  species  will  doubtless  become  per- 
manently established." 

Since  the  publication  of  the  above  by  Professor  Corastock,  the  Red 
Scale  of  Florida  has  made  its  appearance  at  San  Mateo  upon  the  St. 
Johns  River.  Its  transportation  was  accomplished  in  1881  or  1882  by 
means  of  infested  fruit  (Lemons),  sent  from  Orlando,  and  packed  for 
shipment  at  San  Mateo.  From  the  packing-house  the  pest  escaped  to 
orange  trees  in  the  vicii?ity,  and  soon  obtained  a  foothold  in  the  sur- 
rounding groves. 

JiEI)  SCALE  OF  CALIFORNIA. 

(Aftpidiotus  aurantUe  Maskell.) 

[  l^iff.  6.] 

This  very  destructive  pest  of  the  Jrange  is  known  as  yet  only  from 
California;  its  introduction  into  Florida  upon  imported  plants  is  how- 
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«Rr  ^teatl;  to  be  feared.  Tbe  foIlowiDg  discussion  of  the  species  is 
iMnd  in  tlie  Report  of  tbe  Commissiouer  of  Agricultare  for  1880,  p.  293 ; 
'jSMfcqAiVwate. —Thia  scale  resem  bles  that  of  A«ptdio(iM_^ciM  in  shape, 
ate,  and  the  presence  of  the  Dipp)e-like  proiuiiience,  ivhich  indicates 
tlw position  of  tbe  llrst  larval  skin  ;  but  it  can'be  readily  distiagoished 
bom  the  scale  of  that  species  as  follon's:  It  is  light  gray,  and  quite 
tnnslacent;  its  apparent  color  depending  on  the  colorof  the  insect  be- 
iKiilb,and  varying  fiom  a  light  greenish  yellow  to  a  bright  reddish 
tnirn;  the  central  Ibinl  (that  part  which  covi;rs.the  second  skin)  is  as 
dirk,  nod  nsnally  durker  than  the  reinaiuder  of  the  scale;  and  when 
the  female  is  fully  grown  the  peculiar  reniform  body  is  discernible 
tliroD^L  the  scale,  canning  tbe  darker  part  of  the  outer  tvo-thirds  of 
tbe  scale  to  appear  as  a  broken  ring.     (Fig.  Gb.)    *    •    • 


"Egg. — I  have  not  seen  the  eggs  of  this  species,  excepting  those  taken 
£roni  tbe  body  of  the  female.  And  as  1  have  repeatedly  foand  young 
larvse  under  tbe  scales  I  am  led  to  believe  that  the  species  is  vivipar- 
oas. 

"  Scale  of  Male. — Tbe  scale  of  the  male  resembles  that  of  the  female, 
excepting  that  it  is  only  one-fourth  as  large  ;  the  posterior  side  is  pro- 
longed into  a  fiap,  which  is  quite  thin  ;  and  the  part  which  covers  the 
larval  skin  is  often  lighter  than  the  remainder  of  tbe  scale. 

**MaU. — Tbe  male  is  light  yellow,  with  the  thoracic  band  brown,  oad 
6B210  I 3 
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the  eyes  purplish  black.    The  oatline  drawing.  Fig.  6aj  represents  th« 
shape  of  the  varions  organs. 

^^  Habitat, — I  have  observed  this  species  in  several  groves  at  San  Ga- 
briel and  Los  Angeles,  Cal.  At  the  first-named  place,  where  it  is  very 
abnndant,  it  is  said  to  have  first  appeared  on  a  bndded  orange  tree, which 
was  porchased  by  Mr.  L.  J.  Rose,  at  one  of  the  hot-honses  in  San  Fran- 
cisco. At  Los  Angeles  it  appears  to  have  spreacl  from  six  lemon  trees 
which  were  brought  from  Australia  by  Don  Mateo  Keller. 

*^  At  first  I  considered  this  an  nndescribed  species,  as  I  could  find  no 
description  of  it  either  in  American  or  European  entomological  pnblica- 
tions.  I  therefore  described  it  in  the  Canadian  Entomologist  under  the 
name  of  Aspidiotu9  citri.  Afterwards  I  obtained  copies  of  the  papers 
'^  On  9onie  Coccid4JB  in  New  Zealandj^  by  W.  M.  Maskell,  published  in 
the  Transactions  and  Proceedings  of  the  New  Zealand  Institute,  and 
ibuiid  that  he  had  described  an  insect  infesting  oranges  and  lemons  im- 
]>orted  into  New  Zealand  from  Sydney  which  was  either  identical  with 
or  very  closely  allied  to  the  red  scale  of  California.  I  at  once  sent  to 
Mr.  Maskell  for.  specimens  of  the  species  described  by  him.  These  have 
just  been  received  and  prove  to  be  specifically  identical  with  those  in- 
festing citrus  trees  in  California.  Thus  the  question  as  to  source  from 
which  we  derived  this  pest  is  settled  beyond  a  doubt. 

^^  f  have  found  Atrpidiotus  aurantii  only  on  citrus  trees.  It  infests  the 
trunk,  limbs,  leaves,  and  fruit.  The  infested  leaves  turn  yellow,  and 
when  badly  infested  they  drop  from  the  tree.  This  species  spreads  quite 
rapidly  ;  and  from  what  I  have  seen  of  it,  I  believe  that  it  is  more  to 
be  feared  than  any  other  scale  insect  infesting  citrus  fruits  in  this 
(country.  As  illustrating  the  extent  of  its  ravages  in  Australia,  Dr. 
Hleasdale  told  me  of  a  grove  of  thirty-three  acres  which  nine  years  ago 
rented  for  £1,800  per  year,  and  for  which  three  years  ago  only  £120 
rent  could  be  obtained. 

*^  Specimens  of  this  insect  colonized  on  orange  trees  in  the  breeding 
room  of  the  Department  passed  through  their  entire  existence  in  a  little 
more  than  two  months ;  hence  it  is  probable  that  in  the  open  air  in 
Southern  California  there  are  at  least  five  generations  each  year,  and 
possibly  six.  The  mode  of  the  formation  of  the  scale  in  this  species 
very  closely  resembles  that  of  A.Jictis,  described  at  length  in  this  re- 
port. The  ventral  scale,  however,  reaches  a  greater  degree  of  develop- 
ment in  A,  aurantii  than  in  A.ficus,  At  first  it  consists  of  a  very  del- 
ieute  film  upon  the  leaf;  when  the  second  molt  occurs  it  is  strengthened 
by  the  ventral  half  of  the  cast  skin,  the  skin  splitting  about  the  margin 
of  t  he  insect,  the  dorsal  half  adhering  to  the  dorsal  scale  and  the  ventral 
lialf  to  the  ventral  scale.  Later,  after  the  impregnation  of  the  female, 
the  ventral  scale  becomes  firmly  attached  to  the  dorsal  scale  and  to  the 
insect;  so  that  it  is  almost  impossible  to  remove  an  a<iult  female  from 
her  scale." 
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TBE  WHITE  SCALE. 

{Aapidiottu  nerli  BoacM.) 

[Fig.  7.] 

UlbooKb  this  speciea  bas  not  yet  been  reported  from  orange  groves 

inFlonilii,  it  U  known  to  occur  upon  various  plants,  witbiu  the  limits 

ottlieSUUe.    Profi-ssor  Com  stock,  iu  theBeport  of  tbeGommissJODerof 

A|!Ticn\turB  for  1S80,  p.  301,  gives  the  follomng  account  of  its  appear* 

^nceand  habits: 

■'Scale  of  the  Female  —The  scale  of  the  female  is  flat,  whitish,  or  light 
gray  in  color,  aiiil  with  the  exuviae  ceutral  or  nearly  so  (Fig.  7c).  Exa- 
Tiaednll  orange  yellow;  the  first  skiu  utiually  showing  the  segmeuta- 
tioD distinctly,  the  secoud  skiu  moreurlesscoveredwith  secretion,  often 
appearJDg  only  as  an  orange- colored  circle  nnrrouudiiig  the  first  skin. 
VfDtral  scale  a  mere  film  applied  to  bark  of  plaut.  Diameter  of  fully- 
formed  scale,  2™  {.OS  inch).  •  •  • 
"fjiW.— The  eggs  are  very  light  yellow  in  color. 
*-ScaU  of  Male. — The  scale  of  the  male  is  slightly  elongated,  with  the 
hrralgkiu  nearly  central ;  it  is  snowy  white  with  the  larval  skin  light 
TelJow;  longest  diameter,  1°"°  (.04  inch)  (Fig,  7  b). 

'^Maie. — The  adult  male  is  yellow,  mottled  with  reddish  brown,  central 

put  of  thoracic  baud  reddish.    Other  characters  represented  in  Fig.  la. 

"Sabitat. — This  is  a  very  common  European  species  which  infests 

nuDj  different  plants,  and  it  is  spread  throughout  our  conntry  from  the 
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Atlantic  to  the  Pacific,  and  from  the  Great  Lakes  to  the  Gnlf  of  Mexico. 
1  have  found  it  more  abundant  on  acacias  iu  Califoroia  than  elsewhere, 
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and  for  a  time  believed  that  it  bad  been  introduced  from  Anstralia  with 
this  tree.    Many  trees  were  found  the  leaves  of  which  were  completely 
covered  with  the  scales,  appearing  as  if  they  had  been  coated  with 
whitewash.    Leaves  of  magnolia  were  received  from  Mr.  C.  tl.  D winelle, 
Berkeley,  Cal.,  which  were  infested  to  a  similar  extent.    The  followiog 
is  a  list  of  the  plants  upon  which  I  have  studied  this  species :  Acacia, 
Magnolia,  oleander,  maple,  Yucc:i,  plum,  cherry,  currant,  and  Melis^ 
(Melia  azederach)  in  California;  oleander  in  Utah;   English  ivy  in  » 
conservatory  at  Ithaca,  N.  Y. ;  ivy  and  "China  tree"  from  Dr.  Il.li« 
Turner,  Fort  George,  Fla. ;  grass  and  clover  grow  ing  in  pots  with  orangd 
trees  upon  which  I  was  rearing  the  scale  at  this  Department;  lemons 
imported  from  the   Mediterranean  by  a  San  Francisco  dealer;  and. 
lemons  forwarded  to  me  by  Mr.  Alex.  Craw  from  the  grove  of  Mr.  Wolf- 
kill,  at  Los  Angeles,  Cal. 

*'  The  scales  upon  magnolia  from  Berkeley,  Cal.,  and  upon  oleander 
from  Salt  Lake  City  appear  somewhat  different  from  those  on  aeaciaaad 
other  plants.  But  after  a  very  careful  study  of  the  different  forms  from 
each  plant,  I  am  unable  to  point  out  any  character  which  will  distinguish 
those  on  magnolia  and  oleander  from  others. 

'^  S])ecimens  of  infested  lemons  from  Europe  were  forwarded  to  me  at 
Washington  by  the  editor  of  the  Riverside  Press  and  E[orticulturist,who 
had  received  them  from  a  correspondent  in  San  Francisco,  who  had 
imported  them  from  the  Mediterranean.  ^Notwithstanding  the  great 
<listaBce  (once  across  the  Atlantic  and  twice  across  the  continent)  which 
this  fruit  had  been  transported,  the  insects  infesting  it  were  alive  and  in 
a  healthy  condition.  This  illustrates  the  ease  with  which  these  insects 
may  spread  from  one  country  to  another,  and  the  dangers  attending 
the  introduction  of  foreign  fruit  and  nursery'  stock. 

'*  The  appearance  of  this  pest  upon  citrus  fruits  in  Southern  California 
is  greatly  to  be  regretted,  for  the  species  is  already  so  common  on  other 
plants  that  it  may  be  difficult  to  keep  the  orange  groves  free  from  it 
The  fact,  however,  that  it  infests  acacia,  oleander,  and  other  plants  to 
such  a  great  extent,  and  has  been  observ^ed  but  few  times  in  this  country 
on  citrus  fruits,  maybe  taken  as  an  indication  that  it  is  not  liable  to 
multiply  to  any  great  extent  upon  oranges  and  lemons. 

^*  In  the  specimens  which  I  have  seen  the  leaves  of  the  lemon  were  not 
infested,  but  the  scales  were  very  abundant  on  the  fruit. 

"The  young  of  this  iusect  which  were  found  on  ivy  in  Florida  were 
colonized  on  an  orange  tree  in  the  breeding-room  of  the  Department. 
When  one  day  old  the  larvae  had  settled  and  commenced  excreting  a 
covering;  when  four  days  old  this  cov^eriug  was  quite  dense;  on  the 
twentieth  day  some  larvse  molted,  and  on  the  tj^renty-eighth  day  the 
second  molt  occurred.  It  was  observed  that  this  molt  was  accomplished 
by  a  splitting  of  the  skin  at  the  sides  of  the  body,  so  that  the  dorsal 
half  of  the  skin  became  attached  to  the  scale  and  the  ventral  half  to  the 
leaf.  Soon  after  this  molt  all  the  specimens  died.  This  was  an  indica- 
tion that  this  species  could  not  mature  upon  the  orange.    But  a  very 


TH£  CHAFF  SCALE  OF   THE   ORANGE.  37 

Ctfefol  stndy  of  the  form  from  Florida  has  failed  to  reveal  any  character 
by  vbich  it  can  be  separated  from  that  liviug  on  lemon  in  California. 

(^Although  I  failed  to  ascertain  the  time  occupie<l  by  a  single  genera - 
tioDf  the  following  notes  indicate  that  there  are  at  least  two  each  year, 
aiMl  probably  more.  On  the  13th  of  April,  1880,  specimens  of  magnolia 
leaves  were  received  from  Berkeley,  Cal.,  infested  by  this  insect.  The 
eggswere  hatching  from  this  date  till  37th  April.  Daring  this  time  (23(1 
April)  leaves  of  ivy  were  received  from  Florida,  upon  which  were  scale^i 
and  nevrly  hatched  yoang  of  this  species.  On  llie  2ist  of  May  other 
Bpecimeus  were  received  from  Florida;  of  these  the  females  were  abont 
ooebalf  grown,  and  the  males  were  in  the  popa  state. 

^Oa  the  24th  of  August  I  observed  again  at  Los  Angeles,  Gal.,  the 
eggs  of  this  species. 

^^Doring  April  adult  males  emerged  in  my  breeding-cages  from  both  the 
dlifomia  (Berkeley)  and  Florida  specimens.    And  during  August  the 

malee  were  again  flying  at  Los  Angeles,  Gal. 
'4n  conservatories  there  is  apparently  no  regularity  in  the  periods  of 

tbi$  insect;  for  specimens  of  all  stages,  from  the  egg  to  the  adult,  may 

be  observed  at  the  same  time." 

CHAFF  SCALE. 

(Parlatoria  pergandii  Gomstock.) 

[Plate  V,  and  Figs.  8  and  9.] 

Scale  of  Female.— ^This^  is  a  thin,  light  colored 
scale,  less  than  half  as  long  as  either  of  the  Myti- 
laspis  scales.  It  is  more  or  less  circular,  usually 
somewhat  pointed,  and  less  curved  upon  one  side 
than  ni»on  the  other.  The  first  larval  skin  is  a  little 
darker  in  color  than  the  rest  of  the  scale ;  it  is  dis-  „J]^.\  ^'— Sanatoria  per. 

'  ffatiaxi  Cniim.    a,    Acale   of 

tiuct,  and  forms  a  circular  shield,  phu^d  near  the  ^«"««K  «uiHrired:  6,  ^caie 

^  '  *  or  itiHie.  euUrged.    (After 

edge  and  on  the  side  opposite  the  point.  Beyond  Coiuntook.) 
and  partly  umlerneath  the  first  larval  skin  may  be  distinguished  the 
larger  bat  less  distinctly  visible  shield  of  the  second  molt.  In^well  de- 
veloped scales  several  faintly  elevated  lines  or  ridges  are  marked  upon 
the  upiier  surface,  which  radiate  from  the  point  of  beginning  of  the 
aeale,  and  are  partly  obliterated  where  they  are  covered  by  the  molted 
skins.  A  structure  somewhat  similar  to  this  of  the  Ghaff  Scale  is  seen 
in  many  scii  shells,  such  as  the  limpet  and  the  oyster. 

The  female  scale  is  light  straw  color,  1.4°^™  to  l.G™™  (0.06  inch)  long. 

Seaie  of  Male. — The  male  scale  is  slender  and  of  nearly  equal  width 
tbroagboot.  The  material  of  which  it  is  composed  is  very  thin  and 
white  in  color;  the  larva  skin  at  one  eml  covers  about  one  third  of  the 
Borfiice,  is  darker  than  the  rest  of  the  scale,  and  has  a  greenish  tinge, 
or  a  dark  green  center.    Length,  1""  (0.04  inch). 

Female. — The  female  has  the  form  of  a  thickened  disk,  nearly  circular 
in  outline.  The  edges  of  the  last  four  or  five  joints  are  serrate,  with 
minate  tooth-like  lobes  and  plates.    The  color,  at  first  waxy  white, 
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Fm.  9. — ParlaUirin  perrt^niiii.  male. 
C(>iust(M;k  ) 


(After 


becomes  dark  parple  at  maturity.    The  Berrated  liind  margin  is  thin 
aod  tinged  with  yellow. 

The  mature  females  do  not  entirely  fill  their  scales.  When  gnivid 
with  eggs,  their  bodies,  although  mnch  thickened,  are  reduced  in  cir- 
cumference, and  in  biying  they  surround  themselves  with  a  nearly  com- 
])lete  circle  of  eggs.    Length  of  mature  female  0.6™™  (0.02  inch). 

J'^ffO^' — ^The  eggs  are  as  large  or  larger  than  those  of  the  Long  Scale, 
and  resemble  them  in  shape  and  color.  They  are  nearly  0.2™™  (0.008 
inch)  in  length,  and  are  more  or  less  amethystine  in  color. 

Young  Larva. — ^The  migrating  larva  is  very  broadly  oval,  and  mottled 
with  purple.  It  differs  from  the  liirva  of  related  species  only  in  minute 
(details. 

Male.  (Fig.  0.) — As  soon  as  it  be- 
gins to  form  its  permanent  scale,  the 
male  insect  becomes  distinguishable 
from  the  female  by  its  more  elongate 
form,  and  it  soon  turns  to  a  dark  i)ur- 
plered  color.  The  skin  of  the  second 
molt  is  pushed  toward  the  month  or 
thrown  out  of  the  scale.  After  she^l- 
ding  this  skin  the  male  insect  becomes 
a  pupa  of  dark  red  or  purple  color, 
and  has  the  form  of  the  fly  with  members  folded  or  abbreviated. 

The  perfect  insect  emerges  from  the  thin  outer  end  of  its  scale,  which, 
however,  has  no  hinge  or  flap.  The  fly  is  very  similnr  to  those  of  the 
^•enus  Aftpidiottutj  but  is  shorter  and  stouter,  and  has  larger  eyes  than 
t  lie  specie^*'  of  Mytilaspis.  The  color  is  purple,  mottled,  and  somewhat 
]>;iler  upon  the  large  shield  of  the  upper  surface.  Length  to  the  tip  of 
the  stylet  about  equal  to  that  of  its  scale,  0.6™™  (0.02  inch). 

LifehiHtory. — The  young  Chaft*  Scale  repeats  with  slight  variations 
the  history  of  the  s[>ecies  already  mentioned.  After  wandering  a  few 
hours,  it  chooses  a  fixed  position,  very  often  underneath  a  pile  of  old, 
dead  scales,  and  in  a  few  days  covers  itself  with  a  circular  shield  of 
white 'tissu(»,  so  thin  as  to  be  quite  transparent.  This  covering  disap- 
pears before  ihj  time  of  the  first  molt.  After  the  molt  the  females  con- 
struct a  circular  and  the  males  a  linear  scale. 

The  number  of  eggs  laid  is  variable.  Professor  Comstock  records  in 
one  instance  twenty-seven  eggs.    The  average  number  is  sixteen. 

Number  of  Generations. — The  earlier  metamor])hoses  take  place  at 
about  the  usual  intervals  of  twenty  days,  but  the  later  periods  vary 
with  the  seasotis,  and  are  greatly  accelerated  by  hot  weather. 

The  Chalf  Scale  appears  to  have  one  more  brood  than  the  Long  Scale. 
There  are  four  summer  generations,  but  these  broods  are  so  greatly 
confused  by  unequal  development  in  the  females  that  the  limits  of  each 
cannot  be  exactly  defined.    The  first  brood  in  spring  and  the  last  brood 
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in  fall  maj  be  assomed  to  be  approximately  contemporaDeons  with  those 
of  the  Long  Scale.  They  occur  in  March  or  Apiil  and  in  September  or 
October.  These  months  are  therefore  the  pi-oper  ones  for  treatment 
with  remedies. 

Rabit4Jit — The  Ohaiff  Scale  infests  by  preference  the  trunk  and  larger 
branches,  and  to  these  it  generally  confines  itself  until  every  portion  of 
their  surface  is  thickly  coated,  ami  the  young  Bark-lice  can  no  longer 
find  phices  to  plant  themselves.  It  is  also  frequently  seen  upon  the  fruit, 
oceupytug  the  pit-like  depiessions  of  the  rind.  This  habit,  combine<l 
with  its  light  color,  renders  it  inconspicuous  upon  the  fniit.  Upon  the 
trunks  of  trees,  also,  its  resemblance  to  the  bark  causes  it  to  esca|)e 
notice^  so  that  many  persons  whose  grovel's  are  suffering  from  the  at- 
tacks of  this  scale  are  unaware  of  its  presence. 

Food-plantH  and  Origin, — It  has  been  found  upon  various  plants  grow- 
iog  near  infested  orange  trees.  Japoni<*as  and  similar  thick-leaved 
plants  sometimes  suffer  severely  from  its  attacks.  It  is  not  known  to 
infest  any  native  wild  plants,  and  is  not  found  upon  the  Wild  Orange, 
except  in  the  immediate  vicinity  of  cultivated  plantations.  It  cannot, 
therefore,  be  considered  a  native  inject,  nor  is  anything  known  with 
certainty  concerning  its  introduction. 

Professor  Glover,  in  his  report  to  the  Commissioner  of  Patents 
for  the  year  1855,  mentions  the  introduction  in  that  year  of  a  Scale- 
Insect,  which  he  says  was  imported  into  Jacksonville,  Fla.,  on  some 
lemons  sent  from  Bermuda.  This  Scale-insect  has  been  stated  to  be 
MytUaitpi^  citricola.  From  the  brief  description  given  by  Glover,  it  is 
not  possible  to  determine  with  certainty  the  species  referred  to,  but  the 
small  size  and  shape  of  the  female  and  the  white  color  of  the  male  scales 
agree  closely  with  the  species  now  under  consideration,  and  render  it 
probable  that  the  Chaff  Scale,  and  not  the  Purple  Scale,  was  the  insect 
in  question. 

Parasites. — In  addition  to  many  external  enemies,  a  single  Hyme- 
nopterous  parasite  attacks  this  scale,  and  is  a  very  efficient  destroyer  of 
the  species.  It  is  a  larger  insect  than  those  found  in  the  scales  of  My- 
tilaspis,  and  its  larva  does  not  live  within  the  body  of  the  Coccid,  as  is 
usual  with  these  minute  parasites,  but  originates  from  an  egg  depositexl 
beneath  the  scale  and  among  the  eggs  of  the  Scale-insect,  which  is  al- 
ways of  adult  size  when  attacked.  The  grub  of  the  parasite  makes 
room  for  itself  as  it  grows  by  eating  first  the  eggs  of  its  host  and  then 
her  body.  Sometimes,  indeed,  the  eggs  alone  of  the  Coccid  appear  to 
suffice  for  its  support  and  the  mother  Bark-louse  is  not  molested. 

The  pupa  of  the  parasite  is  formed  under  the  scale,  and  although 
without  cocoon  or  coverings  of  its  own,  is  surrounded  by  the  dry  skin 
and  egg-shells  of  the  Bark-louse. 

The  fly  issues  through  a  round  hole  which  it  eats  in  the  top  of  the 
wale. 
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The  perfect  insect  is  a  fourwiuged  fly,  1.2™°*  (0.05  incb)  long,  honey- 
yellow  in  color,  and  with  dark  brown  eyes.  The  antennae  have  appar- 
ently six  joints,  but  the  last  three  joints  are  closely  united  into  an 
elongate  club,  and  the  real  number  of  joints  is  therefore  eight.  The 
abdomen  is  rather  broadly  oval,  and  in  the  female  bears  on  the  middle 
of  her  underside  the  sharply-pointed  egg-drill. 

The  larva  is  a  yellowish  white,  naked  grub,  so  thick  and  short  as  to 
Ik5  almost  spherical.  It  is  without  visible  members,  even  the  head  bi^Uiix 
withdrawn  out  of  sight  iirto  the  body.  The  body  is  plainly  ringed,  in- 
dicating the  joints,  and  the  dark  intestinal  contents  are  seen  a^s  h  ix^<l 
or  brown  cloud  through  its  walls.    Length  0.5"*™  (0.02  inch). 

The  pupa  is  twice  as  long  as  wide,  flattened,  oval,  and  has  a  tinge  of 
yellow  color.  It  shows  the  form  of  the  perfect  insect  through  the  trans- 
parent envelope.* 

THE  ORANGE  CniOSASPIS, 

{Chionaspis  citri  Comstock.) 

A  new  Bark-louse  of  the  Orange  has  been  described  by  Professor 
Comstock,  in  the  Second  Entomological  Report  of  Cornell  University, 
as  follows:  ''  In  the  Report  of  the  Department  of  Agriculture  for  1880  I 
described  a  species  of  Chionaspis  which  differed  from  all  other  species 
of  that  genus  known  at  that  time  by  the  color  of  the  scale  of  the  female, 
which  is  black.  This  species  was  found  on  Euonymus  latifolia  at  Nor- 
folk, Va.  I  stated  in  my  account  of  this  insect  that  it  occurred  also  on 
orange  trees*  in  Louisiana  and  Cuba.  A  reexamination  of  the  speci- 
mens on  orange  hsis  convinced  me  that  they  are  speeitically  distinct 
from  those  on  euonymus.  I  theiefore  propose  for  that  form  the  specific 
name  ofcitrL    The  species  can  be  recognized  by  the  following  characters: 

"  Scale  of  Female. — The  scale  of  the  fnmale  is  of  a  dirty  blac>kish  brown 
color  with  a  gray  margin  ;  the  exuviae  are  brownish  yellow.  There  is 
a  central  ridge  from  which  the  sides  of  the  scale  slope  like  the  roof  of  a 
house.  The  greater  i>rominence  of  this  ridge,  and  the  more  elongated 
form  of  the  scale  are  the  principal  differences  between  this  scale  and 
that  of  the  female  of  Ch.  euonymi.  There  is  no  danger  of  its  being  mis- 
taken for  any  other  known  species. 

^^ Female. —  •  #  •  This  species  may  readily  bo  distinguished  from 
Ck.  euonymi  by  the  following  characters:  There  are  no  groups  of  spin- 
nerets ;  the  mesal  lobes  are  larger  and  more  distinctly  serrate  than  in 
Ch.  euonymi;  and  in  the  last-named  species  the  plates  are  in  twos,  while 
in  Ch.  citri  they  occur  singly." 

According  to  observations  made  by  Mr.  L.  O.  Howard,  the  Orange 
(Jhiona^pis  is  theespecial  pest  of  orange  groves  in  Louisiana.  Ithasbeen 
found  by  him  at  Pattersonville,  Saint  Mary's  Parish ;  at  Woodville,  50 


*  This  parasite  is  evidontly  au  Aphelinu8t  but  tho  only  specimen  in  Mr.  Habbard'a 
coUeotion  is  too  poor  for  speoiao  determination.  — C.  V.  B. 
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miles  below  New  Orleans ;  on  the  Mississippi  Eiver  above  Algiera,  and 
on  the  east  sitle  of  the  lirer  in  the  New  Orleans  cemeteries. 


tnnngmtCimalnt^.    10,  •»)«■  on  EoeDjna*.  tutBnltlta;  a,  (ulfl  of  matp,  « 


Fig.  10  represents  Chionatpia  ettonymi  Comstock,  to  which  the  above 
speciee  is  very  closely  allied. 


CHAPTER  III 

DIASPINwS:— Oontinaed. 

RAVAGES  OF  THE  ABHOBED  SCALES- 

Bark'lioe  omnipresent  in  Orange  Groves. — In  the  foregoing  pages  an  ac- 
connt  has  been  given  of  all  the  species  of  Diaspinse  known  to  attack 
citrus  plants  in  this  country.  The  appearance,  distinguishing  char- 
acters and  habits  of  each  have  been  set  forth  with  sufficient  clearness, 
it  is  hoped,  to  render  recognizable  by  orange-growers  the  different  mem- 
bers of  this  group  of  insect  pests,  the  most  destructive  and  formidable 
with  which  they  have  to  contend.  It  remains  to  consider  the  nature 
and  extent  of  the  injuries  they  inflict  and  the  conditions  under  which 
the  plant  becomes  liable  to  attack. 

It  may  be  premised  that  in  all  countries  where  the  Orange  is  exten 
sively  cultivated  Scale-insects  exist,  and  not  seldom  make  their  pre-s 
ence  known  through  the  losses  they  occasion  the  fruit  grower.  From 
time  to  time  there  may  be  sudden  irruptions  of  Scale-insects,  which, 
like  an  epidemic,  are  wide-spread  in  their  effects,  and  overrun  a  great 
extent  of  territory.  Such  an  invasion,  as  has  already  been  shown,  oc- 
curred in  Florida  upon  the  supposed  introduction  of  the  Long  Scale.  In 
southern  Europe  also,  where  the  Orange  and  the  Lemon  have  been  culti* 
vated  for  centuries,  the  occurrences  of  scale  epidemics  have  been*  re- 
corded, one  of  which,  in  the  first  decade  of  the  present  century,  prevaile<l 
throughout  the  entire  district  along  the  shores  of  the  Mediterranean, 
from  Italy  to  Spain,  and  spread  consternation  among  the  inhabitants, 
who  were  dependent  upon  the  produce  of  their  lemon  and  orange  grove8 
for  support. 

At  the  present  day,  however,  owing  to  a  better  knowledge  of  these 
pests,  the  use  of  cheap  and  effective  insecticides,  and  of  effective  instru- 
ments for  applying  them,  such  wide-spread  devastation  by  Scale-insects 
need  not  be  feared.  The  omnipresence  of  the  pest,  however,  compels 
the  orange-grower  to  be  ever  upon  the  alert  if  he  would  avoid  loss  of 
growth  in  the.  young  or  of  productiveness  in  the  older  trees. 

In  Florida  the  greater  part  of  these  losses  are  caused  by  three  Dias- 
pinous  scales :  Mytildspis  gloverii^  the  Long  Scale ;  Mytilaspis  citricolaj 
the  Purple  Scale,  and  Parlatoria  pergandii,  the  Chaff  Scale.  These  three 
insects  are  so  universally  distributed  that  it  is  safe  to  say  no  bearing 
orange  tree  exists  in  southern  and  eastern  Florida  upon  which  one  or 
the  other  cannot  be  found. 
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The  Long  Scale  is  the  most  destructive,  while  it  is  the  most  readily  de- 

Atroyed.    Few  if  auy  localities  iu  the  State  are  free  from  its  presence. 

The  Purple  Scale,  being  stouter  and  thicker  than  the  Long  Scale,  is 

more  difficult  to  kill.    It  is  not  less  injurious  to  the  trees  which  it  infests, 

bat  is  less  widely  distributed. 

The  Chaff  Scale  is  hardly  less  common  than  the  Long  Scale,  and  is  very 
frequently  associated  with  it.  Of  the  three  it  is  decidedly  the  most 
difficult  to  exterminate,  owing,  in  part  at  least,  to  its  habit  of  piling  or 
lapping  one  over  the  other.  Except  upon  veiy  young  trees  it  seldom 
does  permanent  injury,  and  is  much  less  to  be  feared  than  the  other 
two  species.  Its  thinner  scale  renders  it  liable  to  the  attacks  of  enemies 
to  a  greater  extent  than  the  Mytilaspis  scales,  and  they  sometimes  cause 
it8  complete  disappearance  from  a  tree. 

A  fourth  scale  of  this  group,  Aspidiottui  ficus  Ashm.  has  been  men- 
tioned as  i-ecently  introduced,  and  there  are  still  others  awaiting  im- 
portation from  California  and  elsewhere. 

Agencies  which  assist  their  Distribution. — During  the  migratory  age  the 
restless  habit  of  the  young  Bark-Jice  impels  them  to  crawl  actively 
ubout,  turning  aside  for  no  obstacles,  but  mounting  every  object  met 
with  in  their  path.  The  instinct  of  self-protection  being  entirely  want- 
ing iu  thej»e  degraded  creatures,  they  make  no  distinction  between  dead 
and  living  objects,  and  crawl  without  hesitation  upon  the  bodies  of 
other  and  larger  insects.  The  latter,  impelled  by  the  annoying  presence 
of  the  intruders,  fly  away,  bearing  with  them  the  scale  larvsB,  and  thus 
assist  in  distributing  them  upon  surrounding  plants. 

Some  iu&ects,  however,  do  not  notice,  or  at  least  do  not  resent,  the* 
liberties  taken  by  the  crawling  lice. 

Thus  the  Ladybird  beetles  (Coccinellidaj)  are  frequently  seen  quietly 
feeding  while  several  young  Bark-lice,  evidently  attracted  by  their 
shining  backs,  are  coursing  in  all  directions  over  their  bodies.  It  can- 
not be  doubted  that  even  these  enemies  of  the  Scale-insect  bear  with 
them  in  their  flights  this  seed  of  the  destroyer  and  scatter  the  pest  from 
tree  to  tree.  Doubtless  very  many  flying  insects,  and  also  birds,  with 
their  sweeping  tail-feathers,  aid  in  disseminating  Scale-insects. 

But  spiders,  more  than  any  other  animals,  must  be  considered  efli- 
cient  instruments'  in  this  mischievous  work.  Not  only  do  they  trans- 
port the  lice — ^and  it  is  an  observed  fact  that  the  movements  of  the  latter 
upon  their  hairy  backs  do  not  incommode  the  spiders — but  they  also 
harbor  them  under  their  webs  in  folded  leaves,  etc.,  where,  safe  from 
the  attacks  of  parasites  and  enemies,  they  increase  and  multiply  inor- 
dinately. 

The  nest  web  of  a  spider  will  most  frequently  be  found  the  starting 
point  from  which  the  lice  swarm  forth  as  from  a  hive  and  cover  the 
surrounding  parts.  Other  webs,  at  a  distance  from  the  infected  one, 
will  be  occupied  in  time,  but  only  as  the  tide  of  scales  reaches  their 
vicinity,  for  it  is  not  the  habit  of  the  migrating  Bark  lice  to  wander  far 
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m  search  of  such  larking  places,  however  readily  they  ao^pt  the  pro- 
tection when  found. 

Tbeobserved  fact  that  ScJile-insects  spread  most  rapidly  in  thedirectiou 
of  prevailing  winds  has  often  been  verified,  and  has  led  to  the  belief 
in  direct  transportation  by  the  winds,  as  the  most  important  agency  in 
their  dissemination.  This  popular  theory  is  thus  stated  by  a  writer: 
'•  Now,  in  the  spring  and  fail,  just  when  the  insects  are  hatching  and 
most  numerous,  we  have  our  heaviest  storms.  •  •  •  During 
one  of  these  storms  I  have  often  seen  leaves,  twigs,  and  sometimes 
whole  branches  taken  up  and  carried  whirling  through  the  air  for  a 
quarter  of  a  mile  or  further.  How  easy,  then,  would  it  be  for  these 
microscopical  insects,  but  a  few  atoms  in  weight,  to  becarricd  for  miles."* 

The  gentle  southeast'  trade-winds  of  Florida  and  the  storms  which 
are  occasional,  and,  fortunately,  somewhat  rare  visitants,  are  very 
different  phenomena.  While  the  influence  of  the  former  is  sometimes 
seen  in  the  more  .rapid  spread  of  the  Scale-insects  towards  the  north- 
west, it  has  never  been  observed  that  a  sudden  extension  of  the  pesi 
has  followed  any  of  the  violent  or  long-continued  wind  storms  on  record. 

That  tempest-borne  branches  and  leaves  might  carry  the  infection 
to  a  distance  cannot  of  course  be  denied,  but  the  dissemination  of  Scale- 
insects,  continues  without  interruption  at  all  seasons  and  in  all  parts 
of  the  State,  a  process  of  such  constancy  and  regularity,  cannot  be 
attributed  in  any  great  measure  to  the  titful  agency  of  occasional  storms. 

Nor  can  it  be  by  direct  transportation  that  the  trade-winds  assist  in 
spreading  Scale  insects,  for  winds  of  moderate  force  are  not  competent 
to  dislodge  the  young  lice  from  the  plants.  Of  this  any  one  may  be 
convinced  by  trial  with  a  bellows  or  with  the  breath.  Minute  and  in- 
significant in  weight  though  tbey  are,  they  cling  with  tenacity  to  the 
bark,  and  the  presi^ure  of  air  upon  their  thin  bodies  only  ser\'es  to  press 
them  info  closer  contact  with  the  surface. 

It  is  rather  to  the  indirect  action  of  the  wind,  to  the  influence  which 
it  exerts  upon  the  flight  of  insects  and  other  winged  animals  which 
trans])ort.  Scale  insects,  that  we  must  look  for  an  exx)lanation  of  4 he  ob- 
served phenomena. 

And  particularly  is  this  inflnence  of  the  wind  felt  in  the  case  of  spiders, 
most  of  the  species  of  which  are  dependent  upon  the  wind  in  their  mi- 
grations. For,  although  wingless,  they  are  enabled  by  means  of  the 
buoyancy  of  tbeir  web  and  the*  power  which  they  possess  of  reeling  it 
out  upon  the  wind  to  biidge  long  gaps  from  tree  to  tree,  and  even  to 
copy  the  flight  of  winged  animals. 

The  gossamer  spider  makes  its  aerial  voyages  by  clinging  to  a  light" 
tangle  of  web,  on  which,  as  by  a  parachute,  it  is  borne  to  great  distances 
by  the  wind. 

Many  species  have  this  habit  of  the  gossamer.  Some,  however,  use, 
instead  of  a  tangle,  long  lines  of  web  which  are  cast  out  upon  the  wind 
to  a  distance  of  several  hundred  feet,  until  their  buoyancy  becomes 

*  Ashmead,  Orange  Inseots,  page  3. 
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snfflcient  to  sast^in  the  weigbt  of  tbe  little  aeronaut, or  until  in  its  svreep 
it  becomes  entangled  in  tbe  brancbes  of  a  distant  tree  or  sbrub,  and 
forms  a  bridge  upon  which  tbe  spider  readily  crosses. 

The  warm  ascending  currents  of  spring,  the  southeast  trade-wincjs 
in  Florida,  excite  multitudes  of  spiders  to  set  out  upon  their  travels, 
speeding  them  on  tbeir  way  and  directing  their  course.  At  this  season 
of  tbe  year,  when  tbe  migrations  of  insects  are  at  tbeir  height,  and  all 
nature  is  in  restless  activity.  Scale-insects  also  are  most  abundantly  pro- 
ductive, and  the  leaves  and  branches  ot*  infested  trees  swarm  with  tbeir 
young.  Thus  it  is  tbat  in  spring  especially  the  spiders,  aided  by  tbe 
winds,  carry  the  Bark-lice  in  numbers  and  to  great  distance'^'. 

Conditions  fdvornble  to  their  Increase, — Tbereisgood  reason  to  believe 
that  Bark-lice,  like  many  otiier  destructive  insects,  do  not,  as  a  rule, 
originate  the  disorders  wbicb  follow  their  attacks.  An  enfeebled  con- 
dition of  the  plant,  from  whatsoever  cause  it  arises,  is  generally  neces- 
sary to  |>rovoke  an  invasion.  Tborougbly  healtby  trees^  even  when  in- 
fecte<I,  ma^'  remain  uninjured  for  years.  Tbe  Scale  insects  ui>on  tbem 
thrive  only  npon  tbe  h>wer  or  inside  branches,  and  are  held  in  check  by 
tbeir  natural  enemies  and  parasites.  An  unfavorable  atmospheric  con- 
dition, Huch  as  long-continued  droughty  the  impoverishment  of  tbe  soil, 
neglect  of  cultivation,  and  tbe  many  obscure  or  utterly  unknown  oiuses 
which  produce  "die-back,^  yellow  and  streaked  foliage,  or  other  indi- 
cations of  vegetable  indigestion,  if  such  it  may  be  called,  all  tend  to 
foster  Scale-insects  and  favor  tbeir  rapid  increase. 

In  explanation  of  tbese  facts,  it  may  be  conjectured,  although  it  is 
not,  perhaps,  susceptible  of  proof,  tbat  ]>eculiar  c.on<1itions  of  tbe  sap 
are  especially  favorable  to  tbe  development  of  Scale-insects,  and  aflFect 
the  reproductive  functions,  stimulating  tbe  females  to  greater  produc- 
tiveness. Observations  show  tbat  the  number  of  eggs  deposited  varies 
considerably,  and  that  the  maximum  number  is  produced,  not  by  soli- 
tary' females  upon  vigorous  plants,  but  by  individuals  of  the  advancing 
I  rood  taken  from  portions  of  the  [dant  [dainly  affected  by  tbeir  attacks. 

Usual  course  of  tlie  Pest. — If  it  be  true  tbat  outbursts  of  Scale-insects 
commonly  owe  their  origin  to  some  disturbance  in  tbe  condition  of  the 
plant,  it  is  no  less  a  li.ict  tbat  tbeir  ravages  not  only  aggravate  tbe 
original  trouble,  but  entail  otbers,  it  may  be,  far  more  seriOiis  in  their 
consequences.  The  countless  throng  of  Bark  lice  not  <»nly  weaken  tbe 
plant  by  sapping  and  diverting  its  vital  juices  and  depriving  it  of  nour- 
ishment, but  they  also  strangle  tbe  parts  wbicb  they  infest  by  coating 
the  surface  and  clogging  its  pores  with  their  myriad  bodies.  Tbeir 
long,  hair  like  sucking  beaks  j^enetrate  and  thread  the  cellular  tissues 
of  the  growing  bark,  breaking  through  and  altering  its  structure  so 
that  the  tender  bark  of  the  twigs  and  younger  shoots  is  destroyed, 
wbile  the  thicker  bark  of  the  trunk  and  larger  limbs  hardens  and  be- 
comes, as  it  is  popularly  termed,  '' hidebound.'' 

In  this  condition  healthy  growth  is  impossible.    If  neglected  and  al 
lowed  to  be  overrun  by  the  pest,  the  growth  of  the  tree  is  checked; 
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the  infested  twigs  and  branches  die ;  often  the  entire  top  is  lost.  The 
roots  and  trunk,  however,  survive,  and  the  tree  endeavors  to  repair 
the  injury  by  throwing  out  shoots  from  below. 

When  the  tree  reaches  this  impoverished  condition  matters  usually 
begin  to  mend.  The  Bark-lice  upon  the  dead  or  dying  branches  jierish 
by  starvation,  the  parasites  reassert  their  sway,  and  slowly  the  tree  re- 
gains its  health  and  vigor,  but  seldom  its  pristine  beauty. 

The  opinion  is  often  expressed  that  the  tree  will  **  throwoflf  the  scales,'' 
or  that  they  will  *' disappear  in  time  at  the  ends  of  the  branches.''  The 
facts  upon  which  this  belief  is  founded  are  simply  that  the  young  lice, 
when  the  branches  become  crowded,  wander  off  and  on  to  new  growth; 
their  course  is,  therefore,  naturally  upward  and  outward.  When  the 
advancing  army  reaches  the  ultimate  branches,  the  insects  crowd  upon 
the  smaller  twigs  and  leaves,  killing  them  rapidly  and  involving  them- 
selves in  the  common  destruction.  The  tide  of  scales  is  then  checked, 
while  the  enemies  thrive  and  multiply,  feeding  upon  the  dead  and  starv- 
ing Coccids.  There  then  occurs  one  of  those  sudden  oscillations  of  the 
balance  which  are  familiar  enough  to  entomologists ;  the  unseen  ene- 
mies increase  and  the  scales  visibly  diminish.  The  tree  meantime  has 
rest  and  may  under  favorable  circumstances  recover  its  vigor,  in  which 
case  the  trouble  for  the  time  being  is  over,  and  the  lost  branches  are 
quickly  replaced. 

More  frequently,  however,  the  new  growth,  which  always  pushes  out 
rapidly  in  such  cases,  will,  as  soon  as  it  hardens,  be  overrun  by  the 
crawling  acale-larvse,  newly  hatched  from  eggs  which  were  not  involved 
in  the  destruction  of  the  mother  insects,  and  after  an  interval  a  new 
brood  will  be  found  again  in  ])ossession.  This  process  may  be  repeated 
many  times  in  the  tops  of  full-grown  trees,  and  the  orange-grower  at 
each  ebb  in  the  tide  will  perhaps  flatter  himself  with  the  delnsion  that 
the  scales  have  in  some  mysterious  manner  disappeared  at  the  ends  of 
the  destroyed  branches.  Well-grown  trees  may  submit  again  and  again 
to  these  vicissitudes.  They  may  even  permanently  recover  without  the 
aid  of  applied  remedies,  but  very  young  GTiiugc  trees  <lo  not  possess 
the  powers  of  resistance  of  adult  trees;  their  tops  being  small  and 
their  branches  short,  they  are  usually  entirely  overrun  in  a  single  sea- 
son, and,  if  not  attended  to,  sustain  irrejiarable  injury,  resulting,  in  the 
case  of  budded  trees,' in  the  destruction  of  the  budded  portion. 

Influence  of  Climate . — The  retarding  a-tiou  of  cold  weatlier  upon  the 
development  of  Scale  insects,  and  the  acceleration  produced  by  the 
higher  temperature  of  the  summer  mom  lis,  has  already  been  mentioned. 
The  influence  of  a  warm  climate  is  shown  in  the  increased  nui/iber  of 
annual  generations.  The  species  of  Diaspina?  fouud  in  the  Northern 
States  have  all,  or  nearly  all  of  them,  a  single  generation,  occupying  the 
sumrtier  months.  The  same  species  have  in  the  warmer  portions  of  the 
United  States  at  least  two  broods,  and  in  the  extreme  South  those 
^necies  with  which  orange-growers  have  to  contend  produce  not  less 
\  three  and  some  of  them  more  than  four  generations. 
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Tbe  loDg-continued  lieat  of  summer  acts  as  a  check  upon  the  advance 
southward  of  those  species  which  inhabit  the  North,  and  is  probably  a 
more  important  factor  in  determining  the  geographical  distribation  of 
many  species  than  the  frosts  of  the  northern  winter. 

Meed  the  notion  that  Scale- insects  are  destroyed  by  frosts  is  entirely 
erroDeons.  Their  eggs  withsUind  any  ordinary'  degree  of  cold,  and  the 
insects  themselves  survive  a  freezing  temperature  that  kills  the  plants 
Dix)D  which  they  feed.  The  winter  climate  of  a  land  in  which  the  open 
coltare  of  the  Orange  is  possible  cannot  be  sufficiently  rigorous  to  kill 
even  tbe  young  of  Bark-lice.  In  Florida  the  coldest  weather  merely 
serves  to  retard  their  development.* 

yatural  Chteks. — The  parasites  of  Bark-lice,  some  of  which  have  al- 
ready been  mentioned,  and  the  numerous  enemies  to  be  considered  here- 
after^  are  similarly  affected  by  climatic  conditions.    Their  broods  in- 
crease in  number  as  they  extend  southwards,  and  in  tbe  main  their 
jictivity  keeps  pace  with  that  of  their  prey.     Ordinarily,  therefore, 
the  various  checks  npon  their  increase  are  sufficient  to  prevent  the 
'S2)readiiig  of  Bark -lice  to  an  injurions  extent,  and,  as  we  have  seen,  it 
in  only  at  times  that  they  increase  so  rapidly  as  to  entirely  outstrip  their 
enemies  and  overrun  the  plant. 


*Hr.  Joseph  Voyle,  in  a  report  made  to  Professor  Riley,  and  published  in  Bul- 

/eiiii  No.  4,  United  States  Department  of  Agricultore,  Division  of  Entomology, 
fiivei  the  results  of  au  elaborate  series  of  experiments  made  by  subjecting  Scale-in- 
«ectfl,  vith  their  young «nd  eggs,  to  the  action  of  low  temperatures  for  varyiug  lengthH 
of  time.    In  these  experiments  the  Coccids  were  placed  in  a  small  tin  cylinder  and 
surrounded  with  a  freezing  mixture  of  ice  and  salt.    The  time  of  exposure  was  never 
1«'<<^<«  than  one  nor  more  than  sixteen  hours,  and  the  temperatures  ranged  from  16^  to 
;<r»    F.    Eggs  were  killed  when  the  minimum  fell  below  25°  and  were  not  killed  at 
liiglter  temperatures ;  the  young  Bark-lice  were  killed  in  every  experiment.    It  is  to 
\tf>  remarked,  however,  that  an  average  time  of  nine  days  was  allowed  to  elapse  before 
the  resnlts  obtained  were  considered  final.    As  Mr.  Voyle  himself  suggests,  ''  Some- 
times larva  retain  for  several  days  an  apparently  natural  appearance,  leaving  it 
(ioiibtfnl  whether  their  final  death  is  the  result  of  the  temperature  or  want  of  food.'' 

In  regard  to  the  eggs  also  it  Is  probable  that  certain  conditions  not  noted  and  not 
taken  into  account  in  these  experiments  vitiated  the  results,  since  they  do  not  cor- 
r«A[H>ud  with  what  takes  place  in  the  open  air  during  severe  frosts. 

On  this  point  Mr.  Voyle  himself  gives  evidence  when  he  says:  ''During  the  past 
winter,  18de^'d3,  by  some  special  observations,  positive  evidence  was  obtained  that 
often  very  little  damage  was  done  to  scale  insects  by  cold  that  killed  the  tender  orange 
shootK.  On  the  morning  of  December  16, 1882,  the  thermometer  was  reported  at  va- 
rious figures,  from  19°  to  25^  F.  My  own  lowest  reading  was  '26°,  On  this  morning 
I  orit  orange  branches  incrusted  with  scale  insects,  and  found  young  migratory  larv» 
of  MjftUtupis  running  about  quite  lively.'' 

rhis  discrepancy  is  remarked  by  Mr.  Voyle,  and  the  foUowing  explanation  is  sug- 
;;eHted :  *'  There  are  conditions  practically  unattainable  artificially,  where  the  coccids 
an-  protected  from  the  efiects  of  such  temperature  as  under  favorable  conditions 
would  be  fatal  to  them.  The  leaves  of  the  tree,  the  warm  current  rising  from  the 
ground  around  the  trunk  of  the  tree,  and  the  initial  heat  of  the  tree  itself  perform  au 
important  part  in  modifying  temperature  for  these  insects.  In  a  still  atmosphere 
this  might  become  a  perfect  protection  against  a  temperature  much  lower  than  would 
prove  fatal  in  other  conditions." 


CHAPTER  IV. 

LEOANIJT^— THE  NAKED  OB  WAXY  SCALES. 

Oeneral  Characters  and  Lffe-history. — ^Tbe  Bark-lice  of  this  subfamily 
make  no  trao  scale.  Tbey  are  either  naked  or  possess  waxy  coats  ad- 
heriug  more  or  less  closely  to  the  body  of  the  insect,  but  not  fastened 
permanently  to  the  bark.  The  development  from  the  larva  to  the  adult 
female  is  apparently  one  of  simple  growth,  and  no  molts  have  been  ob- 
served. The  change  iu  form  takes  place  gradually  and  is  due  to  the 
swelling  of  the  body  as  it  becomes  tilled  with  eggs  or  young,  or  to  the 
accumnlatiou  of  the  covering  of  wax.  Eggs  are  deposited  in  a  cavity 
beneath  the  body  of  the  m6vher,  or  are  retained  within  her  body  until 
hatched,  in  those  species  which  bring  forth  their  young  living. 

Tbe  young  change  their  position  upon  the  plant  at  will,  and  this 
freedom  of  movement  is  retained  until  near  the  end  of  their  live9-  The 
insects,  however,  l)ecome  more  sluggish  as  they  ^^row  older,  and  at  last, 
in  the  incubating  period,  the  legs  and  other  external  members  of  tbe 
larva  wither  and  the  body  becomes  adherent  to  the  surface  of  the  plant. 
No  males  have  been  discovered  in  any  of  the  si)ecie8  of  the  group  which 
come  within  the  scope  of  this  treatise. 

The  newly-hatched  young  of  the  Lecaninae  closely  resemble  those  of 
the  DiaspinaB.  They  are  active,  six-legged  creatures,  with  thin  bodies, 
oval  in  form.  They  feed  iu  tbe  same  manner,  by  plunging  their  sucking 
beaks  into  tbe  cellular  tissues  of  tbe  plant,  but  the  beak  never  grows 
very  long,  and  while  active  life  remains  the  insect  has  power  to  remove 
it  and  to  reinsert  it  in  afresh  place. 

Two  genera  of  Lecaniuse  fall  within  the  scope  of  this  work. 

In  the  genus  Lecanium  the  insect  makes  no  covering  for  itself  or  its 
eggs,  but  the  skin  becomes  more  or  less  toughened  with  age,  and  finafly 
presents  tbe  appearance  of  a  parchment-like  scale.  The  species^belong- 
ing  to  tbe  genus  Ceropla^tea  excrete  a  thick  coating  of  wax,  which  wraps 
the  body  of  the  insect  above,  but  is  easily  removed  from  its  surface. 
Underneath  the  wax  the  skin  of  the  Goccid  is  thin  and  tender. 

THE  TURTLE-BACK  SCALE^BBOAB  SCALE.  ' 

{Lecanium  Aesperiduniy  Linn.) 

[Fig.  IL] 

Descriptive.— The  full-grown  Coccid  is  3*^  to  4°»»  (0.12  to  0.16  inch) 
long,  broadly  oval,  more  or  less  swollen,  and  convex  upon  the  disk,  sur- 
rounded by  a  thin,  flat  margin  with  two  shallow  notches  on  each  side 
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ud  one  deeper  indeDtattou  bebind.  The  color  cfaanges  with  a;^  from 
tnnsparent  yellow  in  the  yonng  to  deepening  ebadea  of  brown  in  the 
■dulL  IndiriiluaU  attackeil  by  parasites  turn  black.  Until  it  becomes 
pavidand  BwoUen  with  youog,  the  insect  is  exceedingly  tliin  and  trans- 
parent, tlie  given  color  of  t!ie  leaf  or  bark  showing  through  the  body  so 
(hat  the  very  yonng  Coccid  is  well  nigh  invisible.  The  surfnce  is  smooth 
iDiI  shilling,  with  faint,  scattered  pnnctiiresoD  the  disk.  The  six  slender 
k^  an  couceuK-d  beiieiith  the  dihited  margins  of  the  body.  The  male, 
iiflliongh  for  many  .yenrs  diligently  sought,  both  in  this  coaatry  and 
Abroad,  still  rt'mniiis  undiscovered. 

Tonng  Lnrra. — The   new-born 
insect  has  the  usnal  oval  form  of 

yoang  Bark-litre.     It  is  yellowish 

in  color,  and  has  a  puir  of  six- 

Jointml  aniennie,  and   two  long 

bristles  at  the  anal  extremity. 
Metamtirpkoses. — Tliemctanior- 

phoses  which  lake  place  in  this 

spt^-it-s  arc  very  ttiiiittlc,  ami  con- 
sist in  a  Hitlteitiiig  mid  bi-oaden- 

ing  of  llic  fiinn  of  the  larva,  and 

iu  the  griidaal  los«  of  external  or- 
gans by  ditinse.    The  first  todis- 

appp-ariire  the  antvniiffi  and  the 

aiiul bristles;  lastly, but  iiuf  until 

the  body  becomes  swollen  with 

yoang,  the  legs  become  useless, 

and  are  imbedded  in  tbo  excre- 
tions, which  finally  cement  the 

insect  to  the  surfaco  of  the  plant. 

The  body  of  the  mother  iu  this 

last  stage  of  her  existence  be- 

cmmea  a  casket  filled  with  the 


Bwarm  forth  together  and  distri- 
bute themselves  over  the  plant. 

Rtatricliun  to  young  Growth. — ^The  yonng  lice  invariably  settle  upon 
tlie  bark  and  leaves  of  tender  growth.  Even  the  adult  iusects  do  not 
appear  able  to  pierce  with  their  beaks  the  tissues  of  the  plant  when 
hardened  by  age,  aud  only  the  gravid  and  incubating  females  are  found 
upon  parts  which  have  completed  a  season's  growth. 

Qregarioua  Habits. — There  is  a  tendency  iu  the  young  to  keep  together, 
£id  at  seasons  when  the  Orange  is  iu  active  growth,  when  the  plant  is 
pushing  out  an  abundance  of  shoots,  the  swarming  larvte  do  not  need 
to  waoder  far  in  search  of  food.  The  progeny  of  each  female  then  set- 
tle down  together,  and  extensive  coloaiea  are  formed.  These  colonies 
6521  o  I i 
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never  long  oatlaet  the  growing  season.  If  not  sooner  exterminated  by 
the  attadLS  of  enemies  and  parasites,  the  hardening  of  the  tissues  of  the 
bark  and  leaves  gradnaUy  puts  an  end  to  their  existence,  and  the  yoang 
of  later  generations  must  seek  elsewhere  for  their  support 

Brood  Periods. — ^Thus,  in  spring  and  early  summer,  when  the  Orange 
i-enows  its  foliage  and  new  growth  is  abundant,  the  increase  of  this  in- 
sect is  most  rapid,  and  the  number  and  extent  of  its  colonies  often  be- 
<;ome  alarming.  The  month  of  June  is  generally  the  time  of  greatest 
activity  in  this  species.  Later  in  the  season  the  colonies  dwindle  and 
become  reduced  to  a  few  gravid  individuals.  The  young  are  obliged  to 
wander  far  in  search  of  bark  sufficiently  tender  to  be  penetrated  by 
their  beaks.  This  can  bo  found  only  upon  the  solitary  shoots  and  vig- 
orous leaders,  which  the  tree  in  summer  sends  upwards  from  the  trunk 
or  main  branches  below.  It  is  not  surprising,  therefore,  that  very  many 
of  the  young  lice  hatched  in  summer  perish  from  hunger,  being  unable 
to  find  a  spot  penetrable  by  their  beaks,  or  they  fall  a  prey  to  numerous 
euemies  in  their  wanderings  over  the  plant,  and  in  fall  and  winter,  as 
a  rule,  only  solitary  individuals  are  met  with. 

Excretion  of  Honey, — From  minute  pores  upon  the  sides  of  the  bodies 
of  these  insects  exudes  a  colorless  nectar.  This  liquid  may  also  be 
ejected  by  them  with  considerable  force,  so  that  it  falls  upon  the  leaves 
and  parts  of  the  plant  at  some  distance  away,  and  forms  a  sticky  coat- 
ing ;  but  it  is  never  in  sufficient  quantity  to  form  drops,  as  sometimes 
happens  in  the  case  of  other  sucking-bugs  which  produce  honey-dew. 
If  not  lapped  up  by  other  insects,  the  nectar  attracts  a  black  sugar 
fungus  {Capnodium  citri)j  and  the  plant  becomes  coated  with  ^^smut." 

Attended  by  Ants. — Like  all  sluggish  nectar  producing  insects,  the 
Lecanium  hesperidum  is  attended  by  troops  of  ants,  which  feed  upon 
the  sweet  excretions,  and  not  only  clean  the  surface  of  the  leaves  about 
the  Bark-lice,  ^but  also  lick  the  insects  themselves,  and  with  caressing 
strokes  of  their  antennsB  induce  them  to  give  out  the  liquid  more 
freely.  Ants,  therefore,  are  not  enemies  of  this  Bark-louse;  on  the  con- 
trary they  are  its  friends,  and  afford  it  more  or  less  protection  from  the 
attacks  of  certain  enemies.  The  extent  of  their  services  to  the  Bark- 
lice  has  been  greatly  exaggerated,  however,  and  they  cannot  prevent 
their  destruction  by  internal  parasites. 

As  indicators  of  the  presence  of  this  Bark-louse,  ants  become  useful  to 
the  observing  cultivator,  for  if  a  tree  is  in  the  slightest  degree  infested, 
and  long  before  the  colonies  of  Lecanium  become  destructive  or  even 
noticeable,  the  tell-tale  stream  of  ants  ascending  and  descending  its 
trunk  gives  an  infallible  indication  of  the  impending  evil  and  guides 
the  eye  to  the  secret  lurking  places  of  the  pest 

PABA8ITB8. — Oolouies  of  the  Turtle-back  Scale  are,  however,  seldom^ 
allowed  to  dwindle  and  dissipate  themselves  solely  by  the  action  of  their 
own  laws  of  growth  and  existence ;  they  are  subject  to  the  attacks  of 
internal  parasites  which  greatly  hasten  their  dissolution.    These  para- 
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sites  are,  as  asaal,  minate  Hymenopteroas  flies  belonging  to  the  family 
of  the  Chaleididte.  The  destraction  which  tbey  work  apon  colonies  of 
the  Bark-lonse  is  so  great  that  frequently  it  appears  an  accident  dne  to 
oversight  on  tlie  part  of  the  parasites  if  among  the  throng  an  occcasional 
Individual  Coccid  escapes.  Among  scattered  and  solitary  individuals  of 
Liecaninm  the  destruction  by  parasites  is  less  complete  and  many  escape. 
If  it  were  to  remain  strictly  gregarious  at  all  seasons  of  the  year  this 
now  common  Bark  louse  would  no  doubt  speedily  become  a  rarity.  The 
following  four  species  of  these  parasites  have  been  observed  to  prey 
tiiH>n  Lecanium  heftperidnm : 

Co€cophagu8  lecanii  (Fitch). — In  this  species  the  general  color  of  the 
b4jdy  is  black,  the  crescent-shaped  shield  on  the  back  between  the 
wings  is  lemon-yellow  in  the  female  and  brown  in  the  male;  eyes  dark- 
red  brown;  antennae  light  brown,  with  the  tip  of  the  club  darker; 
wings  clear,  with  dark-brown  veins;  thighs  brown,  yellow  at  the  ex- 
tremities, the  remainder  of  the  legs  light  yellow,  with  the  last  joint  of 
the  tarsi  broArn.  The  length  varies  from  l'"*"  (0.04  inch)  in  the  female  to 
0.5""  (0.0*J  inch)  in  the  male. 

This  parasite  lives  upon  several  species  of  Bark-lice,  and  is  found  in 
all  partjijof  the  United  States.  Tn  Florida  it  is  the  most  coTimon  iiara- 
Hite  of  Lecanium  hesperidumy  and  is  seldom  absent  from  its  (t()loiiie.<<. 
With  rare  exceptions  a  solitary  specimen  of  Coccophagusoccii|Mi»8  I  lie 
iKxly  of  each  parasitized  Lecanium.  The  Coccids  are  always  altacked 
l»efore  they  attains  full  growth.  In  dying  they  turn  black  and  adhere 
tiruily  to  the  bark.  The  bloate<l  and  hardened  skin  of  the  Bark-loiise 
forms  a  casket  in  which  the  parasite  undergoes  its  transformation  to  a 
pupa  of  dark  color,  and  from  which  it  emerges  in  time  as  a  perfect  fly 
through  a  round  hole  eaten  in  the  shell.  If  there  are  any  distinct  broods 
they  coincide  with  those  of  the  Bark -louse,  and  with  the  colonies  of  the 
latter  the  numbers  of  the  parasite  increase  or  diminish. 

Coccophaguscogiiatm  Howard  (Fig.  12) 
\h  a  somewhat  larger  species  than  the 
preceding,  rather  lighter  (dark  brown) 
in  color.  In  the  female  the  shield  upon 
the  back  is  orange-yellow ;  in  the  male 
the  corresponding  parts  are  tipped  with 
light  yellowish-brown.  The  front  legs 
are  fuscous,  the  middle  and  hind  pairs 
darker;  all  the  tarsi  are  whitish,  with 
the  last  two  joints  dusky.  Length  of 
female  1.2"*"  (0.05  inch),  of  male  O.C*"'" 
(0.02  inch).     This  si)ecies,  first  noted    ^o-  i^.-Coceop^i^^coffnatui,    (Afu» 

and  described  by  Mr.  Howard  (Report 

of  Commissioner  of  Agriculture  for  1880,  p.  359),  was  bred  from  Lecan- 
ium hesperidum  on  orange  trees  in  the  orange  house  of  the  Department 
of  Agricaltore  at  Washington. 
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F:o  IZ.—Comtii  bicotm,    (AAer  Howird.) 


The  foregoiDg  parasites,  belonging  to  the  geuus  Cooeopkagus,  have 
eigbt-joiuted  auteDUS.  In  tlie  geims  Comys  the  antennfe  are  eleven- 
jointed,  the  shield  upon  the  back 
{acutellutn)  termiimte8  in  a  taft  of 
long,  »tiQ'  hairs,  and  the  fore  wings 
are  vloaded  with  brown. 

Comys  bicolor  Howard  (Fig.  13)  is 
the  largest  parasite  ofLeeattium  he»- 
peridum.  It  has  dark-browu  eyes, 
head  aud  face  yellowisli  brown,  col- 
lar shining  black,  remainder  of  tho- 
rax yellowish -brown,  with  black 
hairs ;  abdomen  sbiniog  black.  The 
first  and  second  pairs  of  legs  are 
respectively  dark  and  light  brown, 
with  the  thighs  white  below,  fiiscoas 
•  above;  the  hind  legs  dark,  with  silvery  white  tarsi;  length  1.75°™' (0.07 
inch).  This  parasite  is  fonnd  in  company  with  Coccuphagug  lecanii. 
Being  larger  it  inhabits  the 
full-grown  schIl's,  while  the 
Coccnpkagus  attacks  only  those 
whieh  arc  partly  grown.  The 
Bark-lice  which  contain  pupes 
of  this  parasite  turn  black  as 
with  the  preceding  species. 

Encprtua    Jlavut     Howard 
(Figs.  14  and  15). — In  this  spe- 
cies the  antenna  are  eleven- 
jointed,  hnt  the  scatellnm  Is 
lustrous  and  without  the  tnft 
of  hairs.    The  sexes  are  very 
dissimilar.      Female,    general 
color ocher -yellow;  eyes  brownish ;  eyelets  carmine;  antenoie  brownish, 
or  yellowish  at  base,  three  intermediate  joints  brilliant  white,  club  at 
the  end   black;    the  fore-wings 
dosky,  clear  at  base,  with  a  clear 
band  across  the  middle,  and  two 
triangular  clear   spaces  on   the 
outer  third.    Length,  1.2"""  (0.05 
inch).     Male,  color  shining  me- 
tallic green,  with  bronze  tinge  on 
the  back;  legsligbtyellow, dusky 
at  tips;   nntennse  dusky,  yellow 
at  base,  the  joints  coveR'd  with 
long  hairs.    Length.  O.SJ"""  (0.03 
inch)- 
Oet^rqphical  Distribution  and  Food  PlanU, — Lecanium  keaptridMin 


Flo.  14.— Enenrhit /latut,  mikle.    (After  Howard. 
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(Linn.)  in  one  of  the  best  known  and  most  widiely  distribated  species  of 
Baik-lonso.  For  centaries  it  has  been  transported  from  one  country  to 
niiotliiT,  until  it  lias  become  thoroughly  cosmopolitan  and  a  common  pest 
in  p:reenhouses  throughout  the  world.  In  miUl  climates,  like  those  of 
sontheru  Enroi)e  and  the  southern  United  States,  it  thrives  in  the  open 
air.  It  is  a  general  feeder,  and  althongh  found  most  constantly  upon 
plants  of  the  citrus  family,  others  in  great  variety  are  attacked.  Marked 
preference  is  shown  for  jdants.  with  smooth  bark  an<l  thick  or  glossy 
Ie«ive^;  thus  the  Ivy,  Oleiiuder,  and  Jsiponica  suffer  equally  with  the 
Omuge  from  the  depredatious  of  this  Bark-louse. 

THE  BLACK  SCALE  OF  CALIFORNIA. 

(Lecanium  olew  Bernard.) 

[Fig.  16.] 

The  following  account  of  this  scale  is  found  in  the  Report  of  the 
Commissioner  of  Agriculture  for  1880,  ]>.  336 : 

^^^dtf/^^ema/e.— Dark  browD, nearly  black  incolor;  nearly  hemi8i)heri- 


Fio.  1^— Lecanium  oUa  Bernard.    10.' adult  femalt-s  on  OUtc,  Datnnil  site;  a,  female,  enlnrffcd. 
{ A  It*  r  Ctmifttuc  k. ) 

cal  in  form,  often,  however,  quite  a  little  longer  than  broad;  average 


length  from  4"»-^  to  .">""•;  average  height  3'^°\     Dorsum  with  a  median 
longitudinal  carina  and  two  transverse  cariuaj,  the  latter  dividing  the 
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body  into  three  sabequal  portions ;  frequeutlj  the  lougitudiual  ridge 
more  prominent  between  the  transverse  ridges  than  elsewhere,  thi 
forming  wiili  them  a  raised  suiface  of  the  form  of  a  capital  H.  TL 
body  is  slightly  margined;  onter  part  of  the  disk  with  many  ( 
small  ridges  which  extend  from  the  margin  half  way  up  to  center 
dorsum.  View<Ml  with  the  microscope,  the  skin  is  seen  to  be  filled  wit  X:  J 
oval  or  n»u:iil  <:ills  each  with  a  clear  nacleus;  the  average  size  of  th-^- 
cells  being  iVoui  .05""'  to  .06™™  in  length,  while  the  nuclei  average  .02» 
in  diameter.  The  antennae  are  long  and  S  jointed,  the  two  basal  joiut»< 
short;  ji>int  3  longest,  joints  4  and  5  equ»il  and  shorter,  joints  C  and  T 
equal  and  still  shorter,  joint  8  with  a  notched  margin  and  almost  as  lon^ 
as  joint  3.  Legs  rather  long  and  stout,  the  tibiie  being  about  one  fifth 
longer  than  the  tarsi.  The  anal  ring  seems  to  bear  six  long  hairs. 
"T/ic  Egg. — Long  oval  in  shape,  0.4'"'"  in  length,  yellowish  in  color. 
"  Newly  hatched  Larvae, — There  is  nothing  very  characteristic  about  the 
young  larvse;  they  are  tlat,  and  their  antennae  are  only  G  jointed. 

'*The  black  scale  is  statetl  by  Signoret  to  be  properly  in  France  an 
olive  scale,  sometimes,  however,  becoming  so  common  as  to  occur 
on  all  neighboring  plants  also.  In  California  we  find  it  infesting  the 
greatest  variety  of  plants,  and  becoming  a  very  serious  enemy  to  orange 
and  other  citrus  trees.  I  have  found  it  at  Los  Angeles  on  orange  and 
all  other  citrus  plants,  on  olive,  pear,  apricot,  plum,  pomegranate,  Oix? 
gou  ash,  bitter  sweet,  apple,  eucalyptus,  sabal  palm,  California  coft'ee, 
rose,  cape  jessamine,  Hahrothmm  elegaiis  ;  an<l  elsewhere  upon  an  Aus- 
traliau  plant  known  as  Brachaeton,  and  also  upon  a  heath.  It  preferably 
attacks  the  smaller  twigs  of  these  plants,  and  the  young  usua]l3^  settle 
upon  the  leaves. 

*•  The  development  of  this  species  is  very  slow ;  and  it  seems  probable 
that  there  is  only  one  brood  in  a  year.     Specimens  observed  by  Mr. 

Alexander  Craw  at  Los  An- 
geles, which  hatched  in  June 
or  July,  began  to  show  the 
characteristic  ridges  only  in 
November.  Mr.  Craw  has 
seen  the  lice,  even  when  quite 
well  grow^n,  move  from  twigs 
which  had  become  dry  and 
take  up  their  quarters  on  fresh 
ones. 

^'Although  carefully  looked 
for,  the  males,  like  those  of  so 
many   other   lecanides-,    have 

Fio.  17. —Tomooera  cali/omica,  male.    (After  Howard.)      ng^^r  l^^^en  fQun(] 

'*  A  dark  brown  bark-louse  has  been  sent  mo  from  Florida,  on  live  oak, 
holly,  oleander,  orange,  and  one  or  two  unknown  plants,  by  i)r.  K.  S. 
Tunier,  of  Fort  George,  which  appears  to  be  identical  with  Lecaiiium 
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Aw.    It  is,  however,  by  no  means  as  abundant  or  injarious  in  that 
State  as  in  California. 

^^Naiwral  JErfi^ntV^.— Enormous  quantities  of  the  eggs  of  the  black 
scales  are  destroyed  by  the  chalcid 
parasite  Tomocera  californica^  de- 
acribe<l  on  p. [*%8J  of  this  re- 
port.    [Fi|j.    17,    male;    Fig.   18, 

female.]    Particulars   as   to    the 

work  of  this  parasite  are  given  at 

the  aaine  place.     Upon  one  occa- 
sion   (August  25,  1880),  I  found 

within  the  body  of  a  full-grown 

female    a    lepidopterous    larva, 

^hich  was  very  similar  in  appear- 
ance to  the  larvae  of  the  species  of  no.W.- J<»mo(j#ra  ealifon^ica.  fomale.  (After 

^^^9^ma  described  in  my  last  re-  Howard.) 

P^"^  as  destroying  bark-lice.    The  specimen,  however,  was  lost,  and  no 

'"or^  have  been  found  since. 

^  -A  oamber  of  beetles  of  the  ^enuHjjatriditm  were  found  under  scales 

*^*^h  had  been  punctui*ed  by  the  Toinocera^  but  probably  would  not 
^^t:.it)y  the  live  insect.    Many  mites  were  found  feeding  upon  the  eggs 

'^    joung.     The  infected  trees  were  also  swarming  with  the  different 
'^^^ieeof  lady-bugs  {CoccineUida*).^ 

THE  HEMISVBKRWAL  SCALE. 

(Lecaninm  hemiitphcericum  Targioni.) 

[Fig.  19.] 

Professor  Comstock,  in  the  lieport  of  the  Commissioner  of  Agricult- 
ure for  1880,  p.  334,  thus  treats  of  this  Bark-louse: 

^^  Adult  Fema/e.— Shape  approaching  hemispherical  with  the  edges 
flattened.  Average  leugth,  3.5"*™ ;  width,  3"»™ ;  height,  2"*™.  The  shai>e 
and  proportionS'Vary  somewhat  according  as  the  scale  is  formed  upon 
a  leaf  or  a  twig.  Upon  the  rounded  twig  it  loses  something  of  its  Iilmii- 
isphcrical  form,  becomes  more  elongated,  and  its  flattened  edges  are 
bent  downwards,  clasping  the  twig.'  In  such  cases,  of  course,  its  height 
becomes  greater  and  its  width  less.  The  color  varies  from  a  very  light 
bmwu  when  young  to  a  dark  brown,  occasionally  slightly  tinged  with 
reddish  when  old.  The  oval  cells. of  the  skin  vary  in  length  from  .Ol*"" 
to .04""*,  and  each  cell  contains  a  large  granular  nucleus.  The  antennae 
are  8-jointed  with  joints  1  and  2  short  and  thick ;  joint  3  is  the  longest, 
and  the  succeediug  joints  decrease  gradually  in  length  to  joint  8,  which 
is  longer  than  the  preceding.  Occasionally  a  specimen  is  found  in  which 
joint  5  is  longer  than  4,  and  I  have  seen  individuals  in  which  this  was 
the  case  with  one  of  the  antennje  while  the  other  was  normal.  The 
legs  are  lonu  and  rather  slender ;  the  bristle  on  the  trochanter  is  long ; 
the  articulation  of  the  tarsi  hf  very  well  marked.     (This  fact  haa  SUg^ 
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gested  to  Signoret  tbat  the  insects  of  titis  series  nre  less  fixed  than  1 
ooDgeners.)  Tbe  tarsal  tligitules  are,  lis  usual,  two  long  and  two  bI 
those  of  the  claws  8]ire<i(liiig  widely  nt  summit,  aud  very  stout  nt 
base.  The  anal-geuital  riug  (more  easily  sceu  tbau  iu  the  otberspi 
we  describe)  is  furuisbed  with  ( 
long  liuirs'.  The  anal  plates  an 
angular  with  rouocied  comers, 
are  famished  witb  two  long  1 
upon  the  disk,  and  three  u 
shorter  ones  at  the  tip. 

"2'/ie^5j7.^Theeggi8e]lil>soii 
form,  and  (1.15°""  in  letigtb.  Iu ' 
it  is  whitish  witb  a  yellowish  t 
aud  is  smoolb  nud  hliiniug. 

^^Theneiclyhntcked  Larva.-~~tl] 
tennie  are  only  7-joiuted,  aud 
tarso-tibial  articulation  is  hi 
marked. 

"This  bark-IoHse wasflrstQo 
in  tbe  orangery  of  tlie  Depart: 
upon  the  lelives  and  twigs.  I( 
also  noticed  upon  ^*a^ioll8  g 
house  plants,  Disipyrus,  Cb 
pbyllum,  siigo  palm,  and  Vrotm 
riegatum.  Shortly  after  beingf 
here  it  was  received  from  c 
spondeuts  iu  California  as  infe: 
orange  and  oleauder.  Dniing 
visit  to  California  I  found  it  ui 
single  orange  tree  iu  tbe  yai 
Mr.  Elwooil  Cooper,  near  Santa  Barbara. 

"  Actual  observation  shows  the  surmise  of  Siguoret  as  to  the  loc 
live  powers  of  Ibis  insect  to  have  Ix-en  correct.  tV'e  have  seen 
adult  insects  when  removed  from  tbcir  positions  crawl  -  back  witl 
parent  ease." 

TBE  WAX  SCALE— WHITE  SCALE. 
(Ceroplaates  Jloridensis  Comstock.) 
[Fig.  20.1 
Deter^tive. — The  adult  insect  with  its  covering  is  from  2""  tt 
(0.08  to  0,13  inch)  in  length;  oval  in  form,  convex  above,  flatten* 
concave  beneath.    The  upper  surface  presents  a  rounded  central  p 
inence,  and  on  tbe  margins  six  or  eight  smaller  prominences  surrc 
ing  the  central  one,  aud  separated  from  it  by  a  well  mniked  deprcs 
Near  the  posterior  extremity,  at  tbo  bottom  of  a  deep  pit,  is  seei 
open  end  of  a  tube  projecting  from  the  body  of  tbe  iuaect^    The  esci 


■iluit  f«in*lni  on ^ 

funiil«,eDliirgi)d.    (Altct  Col 
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coreriDp  is  a  bo(1  wax,  very  similnr  tr>  tiio  wliite  wax  of  commerce.  The 
colOTiswliiti',  remk-red  impure  by  Biirfacc  iiccii  inula  (ions  of  dost  and 
dirt  A  faint  tUige  of  pinii  is  xouK'tiiiiea  (;ivcu  to  the  seuii-traDspareot^ 
wai  by  tlic  reil  color  of  tlie  insect  beiiriitli. 

Wlteo  llie  covering  of  wax  is  removed  the  naked  bod;  of  the  insect 
[■diaclosed  to  view.  This  has  the 
form  of  an  almost  globuliir  sack, 
m'thliilD  and  delivjite  \calls,  in- 
dotdngdHrk  n-d  liqitiil  contents, 
oreirnBofBimiliircolor.  Theup- 
periwTface  of  the  body  beara  hix 
piDmlnent  tabereW,  three  on 
ench  side,  and  a  abort  aun)  tube, 
the  end  of  which,  as  has  been 
■wu,  penetrates  the  covering  of 
wiL  Beneath  the  flattened  ren- 
tnlBDrfitce  may  be  discovered  the 
diBiued,bat  not  wholly'  discanled, 
1^  aiHl  antenufB  of  the  larva. 
^  DDder  snrfaee  also  usually 
shows  tlie  marginal  notches,  more 
pliinlf  seen  in  Lecauium,  and 
■'Iiicb  JDdicates  the  three  struct- 
luaiilirigious  of  the  body.  From 
Uww  notches  radiate  streaks  of 
liulty  white  exudation,  which  at 
■  bagty  glance  have  the  appear- 
ance o('  legs,  but  probably  serve 
u  a  cement  attaching  the  scale 
■■ore  finidy  to  the  liark. 

larva,  —  The  newly-hatched 
JoDse  has  the  nsual  oval,  flat- 
leoed  form.     Color  pale  mddy    """"■'-""'"""'■' 

iirovn,  with  the  memlH-ra  yellowish;  autennje  G jointed,  tipped  with 
lon^  hairs.     The  caudal  bristles  arc  very  long. 

Egga  0.25""°  long,  elliptical,  having  the  color  of  slierry  wine. 
, Li/ekutory, — The  eggs,  to  the  number  of  seventy-tlveor  one  bun- 
dled, are  de]>osited  under  the  covi-ring  of  the  luotbcr,  and  are  simply 
trausierred  from  the  iiisidt^  to  the  outside  of  hci'  body,  which  becomes 
excavated  below,  and  is  more  and  more  depleted  as  the  jtrocess  of  lay- 
ing goes  on.  At  last,  entirely  collaiised,  it  forms  a  mere  lining  to  the 
valla  of  the  waxeu  casket,  beneath  which  the  eggs  are  brought  to  ma- 
turity and  batched. 

The  young,  escaping  from  beneath  the  scale,  scatter  in  all  directious 
over  the  tree,  and  soon  attach  themselves,  by  their  beaka,  to  the  sur- 
bcea  of  the  leaves.    Aft«r  they  have  begun  to  feed  and  to  excrete  wax, 
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they  are  rarely  «een  to  move  by  day,  bat  at  night  they  freqaently  change 
their  position.  Finally  they  desert  the  leaves,  and  at  maturity  the 
greater  number  will  be  found  upon  the  bark  of  the  twigs  and  smaller 
branches. 

The  excretions  of  wax  exude  from  minute  orifices  called  spinnerets, 
placed  in  groups  upon  various  parts  of  the  body,  but  chiefly  upon  the 
margins.    At  first  the  wax  forms  in  ridges,  which  unite  and  form  a 
crown  around  a  central  tuft.    Smaller  tufts  to  the  number  of  a  dozen 
or  fifteen  arise  about  the  central  elevation,  and  the  young  louse,  wbeu 
about  a  week  old,  appears  as  an  oval  white  star  upon  the  leaf.    The  wax 
gradually  spreads  over  the  surface  of  the  insect,  and  for  a  time  forniH 
distinct  plates;  six  of  these,  three  upon  each  side,  are  large  and  dis 
tiuct ;  the  three  remaining  plates  are  small ;  they  are  situate  one  at 
each  end  and  one  in  the  center.    After  the  insect  has  attained  two- 
tliirds  its  adult  size,  the  plates  are  found  to  have  coalesced,  and  form 
ii  thick,  continuous  sheet  of  wax,  from  which  arise  at  least  as  many 
tufts  as  there  were  plates.    The  tufts,  which  are  merely  exfoliations  of 
wax,  marking  the  spots  where  the  material  is  most  abundantly  giveu 
off,  slowly  but  constantly  .melt  into  the  surrounding  mass.    At  full 
maturity,  when  the  production  of  wax  entirely  ceases,  these  eruptive 
centers  become  obliterated,  or  are  marked  by  a  few  projecting  frag- 
ments which  gather  dust  and  dirt  and  cause  discolorations  and  spots 
which  have  been  variously  described  by  different  authors. 

The  honey  dew  produced  and  given  off  by  these  insects  attracfe  ants 
and  other  insects,  and,  as  in  the  case  of  Lecaninm,  these  lap  the  nectar 
from  the  boilies  of  the  Goccids  and  from  surrounding  objects. 

Broods, — The  development  of  this  insect  is  not  very  rapid,  and  ex- 
tends over  three  or  four  months.  The  principal  broods  are  in  spring 
(April  and  May)  and  in  midsummer  (July  and  August).  A  third  browl 
occurs  in  October  or  November. 

Habitat  and  Food  Plants. — This  Bark-louse  is  found  in  all  parts  of  the 
])eninsula  of  Florida,  but  is  not  known  to  occur  elsewhere.  Its  prin- 
cipal food  plant  is  the  Gall-berry  {Ilex  glabra)^  a  plant  which  grows 
abundantly  Jn  the  sterile  '*  flat  woods''  and  in  low  ground  about  ponds. 
In  these  waste  places,  often  far  removed  from  cultivated  plantations,  the 
insect  may  be  found  in  such  abundance  that  the  stems  of  the  gall-berry 
bushes  are  loaded  with  them  in  dense  clusters,  while  the  leaves  an^ji  all 
surrounding  objects  are  coated  with  the  black  smut  which  always  ac- 
companies crowded  colonies  of  this  and  other  nectar-yielding  Goccids. 
Such  infested  patches  of  Gall-berry  sometimes  cover  acres  in  extent. 

Although  the  insect  lives  and  thrives  upon  many  other  plants,  and 
particularly  upon  such  fruit  trees  as  the  Quince,  Apple,  and  Pear,  which 
in  Florida  do  not  find  suitable  climatic  conditions,  and  are  not  thrifty, 
yet  in  cultivated  orchards  it  is  seldom  destructive.  Upon  the  Orange 
it  occurs  everywhere  in  numbers  usually  insignificant,  but  at  times  suf- 
ficient to  excite  apprehension.    The  white  color  and  striking  steUate 
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(brm  of  tJie  yoang,  dotted  over  the  glossy  surfaces  of  thu  leaves,  fire* 
qneatly  attract  attention,  bat  their  nambers  are  always  so  greatly  re- 
daoed  dnring  growth  that  only  three  or.  four  per  cent,  reaeh  the 
adolt  age. 

The  ttiinning-oat  is  not  alone  the  work  of  enemies  and  parasites,  but  is 
also  due  to  thefiEust  that  the  lice,  when  they  become  gravid,  cannot  main- 
tain their  hold  opon  the  smooth  i^arface  of  the  leaves.  Tbey  full  to  the 
groond  and  perish,  being  in  the  latter  portion  of  their  lives  incnpnblo 
of  free  movement  and,  therefore,  unable  to  reascend  the  trees.  T  Jo 
Orange  is  not,  therefore,  adapted  to.  this  species  of  Scale-insect,  uiwl  is 
never  subject  to  long-continued  or  very  damaging  attacks  by  it. 

The  occurrence  of  this  Bark-louse  upon  wild  plants,  in  portions  of 
Florida  very  remote  from  cultivation,  seems  to  indica^iC  that  it  is  indigen- 
oof'y  and  not  imported  as  supposed  by  Mr.  Ashmead,  who,  however,con- 
siders  it  identical  with  CeropUutes  rtutci  (Linn.),  a  common  European 
species.  Professor  Comstock,  who  has  carefully  compared  the  '  )ld 
World  species  with  our  own,  remarks  that  O.floridensU  ^<  presents  sev- 
eral marked  differences;  the  most  easily  noticeable  being  the  small 
siJEe  of  the  central  plate,  and  its  entire  disappearance  so  early  in  the  life 
of  the  insect." 

Parasites. — ^A  small  Hymenopterous  fly  has  been  bred  firom  Oero- 
ploMtes  floridensia.  It  is  similar  in  api)earance  and  habits  to  Encyrtun 
HavMs  Howard,  previously  mentioned  as  preying  upon  Lecanium  kes- 
peridum.*  In  his  paper  on  parasites  of  the  CoccidsB  (Report  Comm. 
Agric.  for  1880,  p.  369),  Mr.  Howard  notices  the  occurrence  of  an  allied 
paradte,  a  sx^ecies  of  the  genus  TetrasUchus^  which  also  remains  unde- 
aeribed.' 

THE  BASNACLE  SCALE. 

{Oeroplastes  drHpe^ifarmU  Gomstock.) 

[Fig.  21.] 

Ibefidlowing  account  of  this  somewhat  uncommon  scale  is  given  by 
E^rofessor  Gomatock  (Beport  Gomraissioner  of  Agriculture  for  1880, 
p.  333): 

^^AdultFemale. — ^Average  length  5™™;  width,  4"™;  height,  4"»".  When 
naked  the  color  is  dark  reddish  brown ;  the  shape  sub-globular,  with  a 
strong  spine-like  projection  at  the  anal  end  of  the  body.  The  waxy 
covering  is  dirty  white,  mottled  with  several  shades  of  grayish  or  light 
brown,  and  even  in  the  oldest  specimens  retains  the  divisiou  into  plates, 
although  the  form  is  more  rounded  and  the  dividing  lines  by  no  means 
as  distinct  as  at  an  earlier  age.  There  are  visible  a  large  convex  dorsal 
plate,  and  apparently  six  lateral,  each  with  a  central  nucleus ;  the  anal 

•This  may  be  Aph^ou$  oeropUutU  Howard,  described  in  Balletin  5,  Bareau  of  Eq- 
UmtAogj,  as  bi«d  from  Ceraploiiet  artemuia  Bile^  MSS.»  from  Silver  City,  N.  Hex. 
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plate,  however,  is  larger,  and  sliowa  two  nuclei,  nnd  Is  eridently 
pliitfR  jiiirieil  to};etlier.  AnteiiiiiB  G  jninleil,  iiiid  i)rn|)ortioncd  navilk 
C.  Florid£n»u.  Less  long;  tibiae  ni>nr].ytn'icen»  long  ns  tarsi;  digiiain 
of  tbe  claw  very  large.  The  other  tarsal  pair  very  long  anil  Bleodei^ 
but  with  a  rery  large  Ituttoo.  The  skin  i 
seen  in  places  10  be  furnished  with  mBtj 
minute,  round,  transi^rent  ccllulex,  prob- 
ably tpianerets  (indicated  and  so  called  bf 
Sigooret  in  hit)  description  of  C.  Vinto»i\\, 
and  along  the  border  are  small  gnmpsot 
tbe  coii8trictedarro(F'Sh:iped  tubercles  mfD- 
tioned  in  the  last  speciea;  but  the  bristle- 
sbiiped  spinnerets  seem  to  be  wanting,  as  ta 
C.  Fairmairii  Targ. 

"  The  Eygs. — Length,  0.35"",  ratherslen- 
der,  liltle  inoretbau  a  third  as  thick  as  long. 
Color  light  rfddish  browu,  rather  darker 
than  the  egg  of  C.  Floridensis. 

'*  Young Larra. — Very  slender ;  dark  bromi 
la  color;  legs  aud  anteunie  a^  with  C.flort- 
densia. 

'•  Growth  of  the  Insect. — The  growth  of  the 
insect  and  the  formation  of  the  waxy  cover- 
ing seems  to  be  very  similar  to  that  of  the 
last  species.  Soon  after  the  larra  setdes 
the  same  two  dori^al  ridgea  of  white  secre- 
tion make  their  appearance,  but  soon  split 
up  into  triinsverse  bands.  Examined  on 
'  the  nfth  day  after  hatching,  a  larva  showed 
seven  distinct  transverse  bands,  the  ante- 
„um.™...,  ^.^^  ^^^  being  in  the  shape  of  a  horseshoe. 

At  the  same  time  the  lateral  margin  of  the  body  was  observed  to  he 
fringed  with  stiff  spines,  xevetttceu  to  a  side.  At  nine  days  the  small 
hortse  ttboe-like  matts  had  extended  so  as  to  neiirly  cover  the  thorax,  and 
the  transverse  bands  had  leiigtliencd  and  wideued  until  tbey  presented 
tlie  appeaniriee  of  a  nearly  complete  shield  to  tbe  abdomen,  serrate  at 
the  edges.  Fifteen  lateral  tufts,  such  as  were  noticed  in  C.  Floridensis, 
and  such  as  Targioni  figures  in  the  larva  of  C  rvsci  (Stud.  Sulle  coc- 
ciniglie,  Plate  1,  Fig,  0}  had  appeared,  though  still  small. 

"  At  this  stage  of  growth,  as  with  the  last  species,  all  development 
secined  to  stop,  nltboiigh  the  8iM?cimeii8  lived  on  for  months,  the  tem- 
perature in  the  bR'ediiigroom  probably  not  being  favorable  to  the  for- 
maliou  of  tbe  plates. 

"The  smallest  Hpecimon  in  the  collect  ion  with  the  plates  already  formed 
measures  li""'  long  by  L""'"  wide  and  1°""  higb.  TLe  color  is  light  brown, 
and  the  wax  has  a  somewhat  trausluceut  appearance.    The  dorsal  plate 


no.  !1 .— CnwnilaMrj  drrijitdifoTi 

CDn>at.<ck,     A^lull    r-niBki.    uhiii 
■III  ",    a.    female,    enlftrged.     {Af 
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isided ;  it  is  troDcate  anteriorly  and  pointed  posteriorly.  From 
igle  radiates  a  sutare  to  tbe  lateral  edge,  thus  forming:  seven 
plateSf  of  which  a  single  one  is  above  the  bead,  while  above  the 
the  suture  between  two.  Through  this  suture  projects  the  anal 
Each  plate  has  a  dark  brown  patch  in  its  center,  and  in  the  cen- 
ach  brown  patch  is  a  bit  of  the  white  secretion. 
bitat  and  Foodplants. — Found  at  Jacksonville  and  in  Volusia 
J  Florida,  on  orange,  quince,  and  on  a  species  of  Eupatoriumj 
t  company  with  with  C,  FloridensiSj  although  it  was  b}^  no  means 
non  a  species." 

OENEBAL  BEMABK8  UPON  THE  LECANINiE. 

liof  Injuries, — ^The  Bark-licepf  this  group  arc  less  injnrionsto  trees 
ody  plants  than  their  hard-shelled  relations,  the  Diaspinae.  Of 
)  species  of  LecaniuiB  which  have  been  known  to  attack  citrus 
the  widely-distributed  Lecanium  hesperidum  (Linn.)  is  most  corn- 
Florida,  and  is  generally  recognized  an<l  somewhat  feared  by 
growers.  It  is  known  to  occur  also  in  the  orange  districts  of  Cali- 
irhj»re,  however,  it  does  not  appear  to  be  destructive.  Tbe  deci- 
frhich  this  unprotected  scale  suffers  through  the  attacks  of  para- 
id  enemies*  and  the  consequent  short  life  of  its  colonies,  effect- 
nits  its  destructive  powers.  Very  frequently  the  orange-grower 
ome  aware  of  its  presence  only  to  find  it  in  its  decadence  and  the 
be  colony  virtually  extinguished  through  tbe  activity  of  his  in- 
friends.  This  fortunate  condition  will  be  sufiiciently  indicated 
black  color  of  the  scales  which  are  blasted  by  the  presence  of 

i-ive  invasions  of  Lecanium  hesperidum  have  never  been  known 

r,  in  this  country  at  least.    Tbe  injuries  which  it  inflicts  in 

groves  are  confined  for  tbe  most  part  to  nurseries  or  young 

ffore.they  have  become  fully  established.    Upon  older  trees  only 

portions,  ami  particularly  shoots  in  process  of  hardening,  are 

found  to  be  infested.    Rarely  indeed  does  this  scale  occupy 

ire  top  of  a  grown  orange  tree.    Still  more  rarely  is  an  entire 

I  overrun  by  it. 

ipecies  of  this  group  having  soft  bodies,  which  dry  up  and  shrivel 
'ath,  become  loosened  or  washed  by  rains  from  their  attachment 
bark,  and  soon  disappear  from  trees.  They  do  not,  as  in  the 
the  DiaspinsB,  remain  and  form  a  i)ermanent  coating  upon  the 
fogging  its  pores  and  exercisiug  a  baleful  influence  upon  the 
>f  the  tree  long  after  life  iu  the  insects  themselves  has  become 

Mack  Scale  of  California,  Lecanium  o/e<c  Bernard,  is,  as  its  name 
»,  an  olive  sirale.  In  California,  bowevt-r,  it  is  quite  injurious 
Grange  aud  its  kindred,  and  is  said  to  be  spreading  upon  decidu- 
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oafi  orchard  trees  in  the  more  northern  portions  of  the  State.  It  is  not 
distribated  in  Florida,  bat  has  certainly  been  introduced  and  is  occa- 
sionally seen  npon  imported  plants,  particularly,  upon  the  Olive. 

Lecanium  hemisphcerieum  Targioni,  according  to  Professor  Gomstock, 
has  been  found  upon  the  Orange  in  California.  It  is  not  known  Id 
Florida. 

Of  the  two  species  of  wax  scales,  both  of  which  are  confined  to  Florida^ 
Ceropla^tes  fioridensis  Comstock  is  by  far  the  more  abundant.  C  cir 
ripediforfnis  is  found  in  certain  localities,  but  is  rare  or  unknown  throngh- 
uut  a  large  part  of  the  orange  district.  Serious  iujurie^  rarely,  if  ev^, 
resnlt  from  the  attacks  of  the  wax  scales  on  orange  trees,  although  the 
vouug  of  the  first  named  species  are  frequently  sufficiently  nnmerous  to 
attract  attention  and  excite  alarm.  They  invariably  disappear,  how- 
ever, or  become  reduced  to  a  few  solitary  individuals,  whose  namben 
barely  suffice  to  perpetuate  their  race. 

Smut — The  attacks  of  the  various  species  of  Lecanium  or  Ceroplastes 
are  frequently  accompanied  by  the  appearance  of  the  sugar  fungus,  Cap- 
nodium  eiiri  Berk,  and  Des.,  of  which  mention  has  been  made  in  the 
introductory  chapter  of  this  work.  The  soot-like  coating  of  the  fungus 
covers  leaves  and  bark,  and  even  the  Coccids  themselves,  feeding  evi- 
dently upon  the  nectar  which  these  insects  have  the  power  to  eject  to 
a  considerable  distance,  and  not  upon  the  juices  of  the  plant.  In  proof 
of  this  fii€t  it  may  be  mentioned  that  a  similar  black  coating  appears  at 
times  npon  objects  when  smeared  with  the  nectar  produced  by  flowers, 
and  it  is  always  found  upon  sugar-cane,  where  the  joints  are  not  too 
much  exposed  to  the  light. 

Not  only  does  smut  mask  the  operations  of  Scale-insects,  so  that  it  is 
not  nnfrequently  mistaken  for  the  cause  of  the  ruin  which  they  work, 
but  it  can  hardly  be  doubted  that  it  is  itself  directly  injurious  in  clog- 
ging the  pores  and  stifling  the  vital  action  of  the  growing  parts  of  the 
plant  A  coating  of  soot,  to  which  this  fdngus  bears  so  strong  a  resem- 
blance, would,  it  may  well  be  supposed,  have  an  equally  deleterious 
effect,  particularly  if,  like  the  smut,  it  were  applied  to  the  plant  ?^th  a 
coating  of  some  visGid  liquid. 


CHAPTER  V 

OOOOINiB:  THE  MEALYBUGS. 

Omtnl  Cfharaeteri  and  Habits. — ^Bark-lice,  belonging  to  the  sabfamily 
Goodn»^  eover  themselves  and  their  eggs  with  masses  of  downy  wax 
of  white  color,  and  hence  they  receive  the  name  Meal^^-bngs.  Beneath 
thefloocolent  covering  the  Bark-louse  lies  concealed,  nometimes  nest 
hug  beside  a  mass  of  eggs  so  large  as  to  quite  overshadow  the  insect 
itselfi  sometimes  surrounded  by  a  crowd  of  young  lice,  whose  succes- 
sive generations  in  a  short  time  cover  the  surface  of  an  infested  plant 
with  incrustations  of  dirty-white  color  resembling  mildew. 

The  Mealy*bugs  retain  their  legs,  antennae,  and  other  organs  of  the 
larva,  and  to  a  great  extent  their  freedom  of  motion  throughout  their 
lives. 

As  in  the  last  subfamily,  development  in  the  female  is  very  siinx)ie. 
and  there  is  but  slight  change  of  form  from  the  larva  to  the  adult. 
The  males  of  this  group  form  a  pupa,  and  develop  into  two  winged 
dies,  like  those  of  the  armored  scales,  and  while  undergoing  these 
changes  they  encase  themselves  in  little  sacks  of  Hoccnlent  wax. 

Compared  with  other  Coccids  occurring  on  the  Orange,  the  Mealy- 
bags  are  of  large  size.  In  destructiveness  they  rival  any  of  the  pre- 
ceding species.  They  secrete  and  eject  honey-dew,  and  this,  falling 
upon  the  leaves  and  upon  the  insects  themselves,  gives  rise  to  the 
black  smut  fungus  [Capnodium  eitri).  The  incrustation  formed  by  the 
mealy  bodies  of  the  insects,  befouled  with  smut,  presents  a  very  un- 
sightly appearance,  and  trees  smitten  with  these  pests  become  con- 
spicnous  objects,  visible  at  long  distances. 

FoodPUt^ts. — ^The  Common  Mealy-bug,  Dactylapius adonidum  (Linn.)) 
is  a  well-known  pest  of  the  garden  and  greenhouBe,  attacking  nearl;^ 
all  plants,  even  pines  and  evergreens,  and  undoubtedly  including  the 
Orange  and  its  kind,  at  least  in  the  gardens  of  southern  Europe.  In 
the  Fnited  States,  however,  this  species  has  not  been  known  to  infest 
orange  groves,  but  its  place  is  supplied  by  a  very  closely-related  form, 
which  is  considered  by  Professor  Comstock  a  new  species  of  the  same 
genus,  and  has  been  described  by  him  under  the  name  D,  destntctar. 
The  habits  of  this  aad  the  following  species,  leerya  purchasi  Mask.,  are* 
similar,  and,  like  the  common  garden  insect,  they  attack,  with  disas- 
trous resnlts,  almost  all  varieties  of  fruit  and  shade  trees,  as  well  as 
•hmbs  and  herbaceous  plants  of  the  most  widely  different  sorts. 
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TEB  DESTJIPCTIVE  ifEJLT-BUO. 
{D&etylopius  deslrvctor,  Comstoch. 
[Figs.  22  aDd  23.] 
Thia  species  bas  been  for  several  years  very  destructive  to  orange 
trees  in  groves  and  (;artleHa  in  tbe  neighborbood  of  Jacksonville,  PU., 
bat  allhoush  tliis,  or  somo  otlier  ppecies  with  difficulty  distingaisbed 
from  it,  attacks  the  pineapplo,  Banana,  Onava,  and  other  tro[>icaI  plants, 
no  species  of  Slejily-bng  baa  bitberto  been  re|)orted  as  a  pest  in  orange 
groves  in  tbe  more  southern  poriJohij  of  tbe  State.* 
Prof.  J.  H.  Comstock  gives  the  followin;g  account  of  this  ins^t:  i 
"^dw/*  J'cma/e.— Length,3.5'""to4'"";  width, 2'°°'.    Color,dull brown- 
ish yelloiv,  somewhat  darker  than  with  D.  longifiUa  ;  legs  and  anteniie 
concolorous  with  body.    The  lateral  append- 
ages (seventeen  on  each  side)  are  short  and 
incon.spicnoDs  ami   arc  suix-qnal   iu   length. 
Upon  tiio  Burl'aco  of  the  litHly  tbe  powdery 
secn'tioii  U  very  i^Iight.     In  spite  of  the  small 
stze  of  ibe  filaments,  tiie  spinnerets  anil  the 
supporting  buirs  are  :is  numemns  a  nd  as  prom- 
inent, or  neatly  so,  as  in  D.  lottjijilis;  those 
upon  the  anal  lobos   being  esptcially  long. 
Autennte  8  jointeil ;  joint  S  is  the  longest  and 
is  twice  as  long  as  the  next  iu  length,  joint  3. 
After3,  joints  2  and  7,  subeqnal,  then  5  andC, 
joint  4  being  the  shortest.    Tbe  tarsi  are  a  litllo  more  than  half  the 
length  of  the  tibiae  ami  the  digitules  are  as  in  tbe  preceding  speciefl  (2>. 
adOttiilum);  claws  strong. 

'^  Egg. — Length,  V.25""° ;  shai>e,  rather  long,  ellipsoid^ ;  color,  light 
straw-yellow. 

"  Young  Lat-rd.— Gather  brighter  colored  than  tbe  egg.  Antennce 
6-jointed  with  the  female,  with  the  same  relative  proiwrtions  as  iu  tbe 
preceding  species.  Tarsi  considerably  longer  than  the  tibiie.  Tbe 
lower  lip  is  large,  conical,  and  reaches  almost  to  tlie  posterior  coxie.   , 

'"Male. — Length,  0.87°"°;  expanse  of  wings.  S.y"'".  Color  light  olive- 
brown,  lighter  thau  in  Jollowing  species  (Z>./on()?yiii»);  legs  concolorous 
with  body;  antenme  reddish ;  eyes  dark  red ;  bamls  darker  brown  thau 
tbe  general  color;  auteriur  edge  of  mesoscutuni  and  posterior  edge  of 
scntellum  darker  brown.  Body,  as  will  be  seen  from  measurements, 
rather  small  and  delicate  compared  with  the  size  of  the  wings ;  head 
^mall,  with  almost  no  hair;  antennae  lO-jointed,  joints  3  and  10  longest 
and  equal ;  joints  2,  (>,  7, 8,  and  9  nearly  equal  and  considerably  shorter 

*  Locul  outbreaks  of  tbe  Mtt^kly-bii;;  aru  from  time  to  tiuiti  reported  in  the  c«ntral 
portiouaof  tlie  peuhiBula.   (See  AppiuUix  1.) 
t  Beport  of  tbe  Cummiwioaer  of  AgrioDlCure  for  ItjS0,p.342. 
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than3aD(1 10;  joints  3  and  4  siibequal  and  a  trifle  shorter  than  the  follow- 
in/rjointe.  The  lateral  ocelli  are  each  just  laterad  of  the  center  of  the 
eTe,an(i  Dot  at  its  posterior  bonier,  as  in  the  following  species.  (This, 
hoirerer,i8a character wliiili  will  nor  hold  with  sjiocimens long monn ted.) 


FlQ.  23. — Daeiijlopiut  destructor  Comntock,  male.     (After  Comstock.) 

Protborax  short;  legs  sparsely  covered  with  hairs;  tarsal  digitnles  ex- 
tremely delicate,  and  the  button  is  very  diflBcult  to  distinguish ;  we  have 
been  unable  to  discover  a  trace  of  the  pair  belonging  to  the  claw.  The 
anal  tilanients  and  the  supporting  hairs  are  similar  to  those  of  the  fol- 
lowing 8i>ecie8. 

'•This  si^ecies  is  readily  distinguished  from  J>.  lovfji/Uis  hy  the  short- 
ness of  the  lateral  and  anal  filaments  in  the  fenuiK*.  Indeed,  for  con- 
venience's sake,  we  have  been  in  the  habit  of  distinguishing  them  as  the 
niea'y  bug  with  short  threads  and  the  one  with  long.  The  life-history 
of  this  si>ecies  differs  quite  decidedly  from  that  of  J),  longijilisj  in  that 
true  eggs,  which  occupy-  quite  a  long  time  in  hatching,  are  deposited. 
The  female  begins  laying  her  eggs  in  a  cottony  mass  at  the  extremity  of 
her  abdomen,  some  time  before  attaining  full  growth,  and  the  egg  mass 
increases  with  her  own  increase,  gradually  forcing  the  posterior  end  of 
the  body  upwards  until  she  frequei  tly  seems  to  be  almost  standing  on 
her  head.  The  young  larv®  soon  after  hatching  spread  in  all  directions 
and  settle — ^preferably  along  the  mid-rib  on  theunder  side  of  the  leaves, 
or  in  the  forks  of  the  young  twigs,  where  the  y  form  large  colonies,  closely 
Ijacked  together.  As  mentioned  in  the  description,  they  are  only  slightly 
covered  with  the  white  powder,  and  many  seem  to  be  entirely  bare,  with 
the  esceplion  ol  the  lateral  threads. 
0521  o  I 5 
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^^Habitat, — This  species  is  very  abundant  upon  almost  every  variety 
of  house-plant  in  the  Department  green-houses,  bat  especially  so  uiK>n 
the  Arabian  and  Liberian  coffee-plants.  On  these  plants  they  were 
found,  curiously  enough,  in  small  pits  or  glands  on  the  under  side  of 
the  leaf,  along  the  mid-rib.  Almost  every  pit,  of  which  there  is  one  at 
the  origin  of  each  main  vein,  contained  one  or  more  young  mealy  bugs, 
and  the  larger  ones  whole  colonies.  The  name  dcstrucior  is,  however, 
proposed  for  this  insect  from  the  damage  done  by  it  to  orange  trees  in 
Florida,  especially  at  Jacksonville  and  Micanopy,  where  it  is  tho  most 
serious  insect  pest  of  the  orange. 

^^Natural  enemies. — The  Chalcid  parasite,  Encyrtus  hujuUitor  Howanl 
[Fig.  24],  described  in  this  report,  was  bred  from  a  specimen  of  this 

mealy  bug  collected  at  Jackson- 
ville, Fla.  A  small  red  bug  was 
observed  by  myself  and  several 
of  our  correspondents  to  pr«.y 
upon  the  mealy  bug.  The  larv» 
of  another  species  have  been 
found,  but  the  mature  form  has 
not  been  obtained.  These  last 
have  the  faculty  of  changing 
"*"     ^  \Y/\<=>/'  //  K  color  quickly  from  red  to  brown. 

"  The  very  curious  larvf©  of  a 
latly-bird  beetle,  known  as  Seym- 
nt(8  biocuhtm,  were  found  feed 

TlQ.^i.-^Encyrtus  inquisitor.    (After  Howard)  ,  ^_  «    ,, 

mg  upon  the  eggs  of  the  mealy 
bug  at  Orange  Lake.  These  larvae  miinic  the  Dactylopii  so  closely  that 
they  might  easily  be  taken  for  them.  They  are  covered  by  a  white 
secretion,  and  from  each  segment  exudes  a  white  substanc-e  which  forins 
long  filaments  like  those  of  the  mealy  bug.  Removing  (lie  powder  the 
larvae  are  seen  to  be  yellow  in  color,  with  two  roundish  dusky  spots  on 
the  dorsum  of  each  thoracic  segment.  Each  segment  of  the  body  is 
furnished  laterallj'^  with  one  long  bristle  and  a  number  of  small  ones." 
Two  other  parasites  on  Bacfylopius  destructor  have  recently  been  de- 
scribed by  Mr.  Howard  (Bulletin  5,  Bureau  of  Entomology,  U.  S.  Dept. 
Agric.)  as  Leptoniastix  dactylopii  and  Chiloneurus  dactylopii, 

THE   COTTONY  CUSHIOX  SCALE. 

(Icerya  purcha^i^  Maskell.) 

[Fig.  25.] 

This  insect  has  not  yet  been  introduced  into  Florida.  Tlie  following 
excellent  account  of  it  is  from  the  pen  of  Dr.  S.  F.  Ghapin,  State  Hor- 
ticultural OflBcer  of  California;  * 
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*'*'  This  Bcale  has  been,  it  is  asserted,  known  to  be  on  the  acacia  for  seven 
years  in  San  Jos^,  bat  it  is  only  during  the  past  and  present  seasons 
that  it  has  attracted  attention.  Its  great  proUficness  and  its  destruc- 
tiTe  abilities  have  called  widespread  attention  to  it.  This  pest  attacks 
everything  in  the  way  of  tree,  vine  or  shrub;  all  the  evergreens  as 
well  as  deciduous  trees  that  fall  in  its  way  are  attacked,  and  every  orna- 
mental  shrub  on  the  lawns  of  some  portion  of  our  cities  will  show  its 
presence.  The  ivy,  even,  is  not  ^roof  agarnst  it.  In  San  Bafael,  San 
Mateo,  Santa  Barbara  and  Los  Angeles  it  is  well  established.  While 
ill  San  Jos^  it  has  not  this  season  caused  so  great  damage  as  last,  yet 
iu  the  citrus-growing  reiQfions  it  is  becoming  one  of  the  most  serious 
pests  they  have  to  encounter,  and  it  is  even  stated  that,  should  its 
ravages  not  be  checked,  orange  and  lemon  culture  will  have  to  be  aban- 
doned. 

*^  From  the  rapid  destruction  which  follows  the  presence  of  this  scale, 
it  is  well  that  it  should  be  widely  recognized,  and  its  first  invasion 
noticed  and  checked.  In  San  Jos6,  in  1881,  it  was  first  noticed  in  May 
as  the  fully  developed  female,  firom  which  the  first  brood  of  young  then 
appeared. 

^^Thts  present  season  of  1882  the  first  youog  appeared  May  25th,  the 
mother  insect  having  gradually  matured  her  eggs  from  the  opening  of 
spring  until  the  young  were  hatched.  The  egg  of  the  Icerya  is  small, 
pale  or  orange  red,  elongated  and  ovoid.  The  young  just  hatched  out 
are  very  active,  and  are  very  minute,  perhaps  the  twenty-fifth  of  an 
inch  in  length.  The  body  is  pale  red;  the  six  legs  and  two  antennsd  are 
black.  The  antenna  are  long  and  club-shaped,  and  have  from  six  to 
nine  joints,  as  they  are  further  matured.  The  antennsB  are  covered 
with  long  hairs,  which  bristle  forth  prominently.  The  eyes  are  small 
and  black.  Between  the  pair  of  forelegs  on  the  under  side  of  the  body 
ii  to  be  seen  the  beak  or  sucker,  by  which  the  insect  secures  its  nour- 
ishment. 

"  The  females  partly  grown  are  of  a  variety  of  colors,  orange  red  mostly, 
and  spotted  over  with  white  and  green ;  some  are  nearly  entirely  a 
dirty  white,  and  many  are  a  pea  green.  It  seems  that  the  coloring 
matter  of  the  plant  they  are  upon  colors  them  to  some  extent.  Their 
iM)dy  is  ovoid  and  elongated  and  flattened,  the  back  being  ridged  up 
with  several  segments  quite  prominent.  Around  the  rim  of  the  body 
are  a  multitude  of  hairs,  standing  out  prominently.  Around  the  rear 
half  of  the  body  on  its  rim  are  a  row  of  tubercles  or  spinarets,  from 
which  a  white  secretion  issues,  forming  a  cottony  cord,  and  these  placed 
side  by  side  and  the  interspace  filled  up  by  the  Bame  material  running 
lengthwise  the  body  and  projecting  from  it,  gives  the  whole  a  ribbed, 
Kiitiulike  appearance  whitish  in  color.  Gradually  as  the  insect  matures 
the.s<'  projecting  ridges  approach  each  other  at  the  ends,  and  are  joined 
together  and  curved  under  slightly  at  the  point,  while  the  sides  are  at 
tlie  same  time  curved  under  the  whole  length,  and  the  edges  joined 
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together  like  a  flat  ribbon-like  band,  the  whole  forming,  when  complete, 
a  soft  elastic  white  eack,  Ibe  size,  and  somewhat  the  sLape  of  a  mediam 
sized  white  beau.  The  length,  when  mature,  is  about  tbree-eightbs  of 
an  inch  ;  the  width  one-fifth  of  an  inch. 

"  Inside  tho  sack  are  deposited  the  eggs  of  the  female,  among  the  in- 
terstices of  a  mass  of  cotton-like  fiber,  which  nnder  a  high  magnifying 
power  is  shown  to  be  rouud,  and  not  more  than  one-sixth  part  the 
thickness  of  pare  cotton  fiber,  with  whicli  it  was  compared  in  the  same 
field.  This  mass  of  cottouy  fiber  is  fillet!  witli  a  great  amount  of  grana- 
lar  matter,  for  the  purpose,  it  may  be,  of  alTordiug  sustenance  to  the 
young  insects  within  the  sack.  The  young  hatch  out  in  this  sack,  aiid 
make  their  way  out  into  the  world  through  a  rent  in  the  soft  and  tender 
underside  of  the  sack. 

"The  female,  after  finding  her  home  aud  during  maturity,  does  not 
more,  although  she  does  uot  lose  ber  legs,  but  clings  tenaciously  with 
her  feet  to  her  support,  leaving  the 
b<xly  tipped  up  in  the  rear  and  the 
cottony  mass  movable  in  any  direction. 
The  male  insect  was  only  found  during 
a  period  of  about  two  weeks  from 
Sept.  25th.  This  was  the  observation 
of  1881,  when  I  found  them  in  great 
numbers.  I  have  failed  to  find  the 
male  insect  this  season.  It  has  a  long 
red  body,  six  legs  and  onerpair  of  very 
long,  dark  and  transparent  wings, 
prominent  eyes  and  antenna  very  long 
and  covered  with  hairs,  arranged  very 
much  as  the  feathers  of  a  peacock. 
(The  anteiiiiir  are  16  or  17  jointed.) 

"  The  winged  male  is  easily  seen  aud 
easily  caught,  as  it  moves  slowly  about, 
and  is  not  readily  disturbed  so  as  to  fly 
i  upon  the  trunk  of  the  tree  and  large 
limbs  and  down  to  the  smallest  twigs,  around  nhich  it  may  be  seen 
cliuging  in  clusters  sufifieiently  great  to  completely  hide  the  branch; 
also  upon  the  leaf,  aloug  the  stem  aud  ribs  of  which  it  is  fixed,  both 
above  aud  below,  although  more  abundant  on  the  underiside  of  the  leaf. 
"There  are  three  broodaof  this  insect  iu  the  season  ;  tliefirstappeariug 
in  May,  the  second  in  August  and  the  third  in  October,  or  about  three 
months  apart.  I  havcjust  observed,  October  lotb,  tiie  mature  female 
with  eggs  fully  grown  and  with  the  young  Iiatclied  out  and  crawling  in 
the  same  sack.  In  18SI  they  rapidly  increased  from  about  the  first  of 
August,  and  were  continually  appearing,  aud  still  batchiug  out  in  De- 
cember. 

"Every  female,  it  is  estimated,  produces  from 200 to  500  young.  The 
youug  will  mature  and  produce  a  new  brood  iu  about  three  months." 


away.    The  female  iusect  livei 


CHAPTER  VI. 

INSECTS  PREYING  UPON  BARK-LIOE. 

[Plate  VI.] 

Nameroos  enemies  prey  upon  Bark-lice  in  all  their  stages,  and  always 
greatly  reduce  their  numbers.  Besides  occasional  enemies,  such  as  the 
sucking-bugs  and  other  predatory  insects,  which  are  general  feeders, 
there  are  others  which  live  almost  or  quite  exclusively  upou  the  Coccidse. 
Some  of  these  confine  their  attacks  to  particular  kinds  of  Scale-insects. 
Several  very  common  beetles  of  the  family  CoccinelHdce^  the  "  Lady-birds," 
are  useful  destroyers  of  Bark-lice.  One  of  the  smallest  of  this  family, 
Hfpera9p%d%%i9  cocddivoruSj  is  found  to  colonize  upon  the  trunks  of  orange 
trees  thickly  infested  with  Chaff  Scale,  and  entirely  free  them  of  the 
pest.  The  young  of  a  Lace-wing  lly  {Chrysopa)  feeds  upon  the  Bark-lice 
in  all  stages,  and  frequently  makes  its  case  of  scales  torn  from  the  bark 
and  often  still  containing  living  occupants.  The  Orange  Basket- worm 
(Platoeceticus  gloveri)  has  the  same  habit,  and  the  caterpillars  of  at  least 
two  moths  are  Bark-louse  eaters.  One  of  these  (an  unknown  Tiueid)' 
inhabits  silken  galleries,  which  it  covers  with  half  eaten  fragments  of 
scales,  and  performs  such  eflicient  service  that  every  scale  in  its  path 
is  removed  from  the  bark  and  suspended  in  the  investing  web. 

The  most  important  external  enemies  of  the  Scale-insect  are  certain 
init'es,  which  are  omnipresent  upon  trees  infested  with  scale,  and  which 
feed  upon  the  eggs  and  young  lice.  They  breed  rapidly  and  lurk  iu 
great  numbers  under  old  deserted  scales,  where  their  eggs  are  extremely 
well  protected  from  the  action  of  insecticides.  For  this  reason,  when  an 
effective  application  has  been  made  by  spraying  infested  trees,  the 
trunks  should  not  be  scraped  for  some  time  after,  but  the  dead  scales 
should  be  allowed  to  remain  upon  the  bark  for  several  weeks,  in  order 
that  the  mites  which  they  harbor  may  be  given  time  to  complete  the 
work  of  the  remedy  used.  In  this  they  may  be  confidently  relied  upon 
as  powerful  auxiliaries.  When  large  numbers  of  the  scales  have  been 
killed  by  spraying  with  oils,  &c.,  the  mites  are  often  observed  to  in- 
crease suddenly,  as  they  are  much  less  affected  by  the  application  than 
the  Scale-insects  themselves.  It  seems  probable  that  they  feed  upon 
the  dead  and  dying  Coccids  as  well  as  upon  the  living,  and  the  loosen- 
ing of  the  scales  and  abundance  of  food  at  such  times  stimulates  them 
to  rapid  increase.  They  soon  swarm  in  such  numbers  as  completely  to 
exterminate  the  remnant  of  the  Coccids  left  alive  by  the  wash. 
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Of  all  its  enemies,  the  most  efficient  destroyers  of  the  Scale-insect 
its  hymenopterons  parasites ;  several  species  of  which  have  already  b^^n 
noticed,  each  under  the  head  of  the  particular  Goccid  with  whose  \if^ 
history  it  is  closely  connected.    Fig.  1  on  Plate  VI  represents  the  com- 
mon parasite  (Apheliniis  mytilaspidis)  of  the  Apple  Scale.    These  minute 
four- winged  flies  bore  through  the  scale  and  deposit  within  a  single  eggr- 
The  little  grub  hatching  from  this  egg  feeds  upon  and  destroys  tbe 
occupant  of  the  scale  and  completes  its  own  transformations  in  its 
place.    When  fally  adult  the  parasite  emerges  through  a  round  hole 
eaten  in  the  shell,  leaving  behind  an  empty  domicile  to  serve  as  a 
shelter  for  the  mites. 

The  numerous  species  of  these  parasites,  although  not  invariably  con- 
fined in  each  case  to  a  single  species  of  Bark-louse,  have  distinct  meth- 
ods of  attack  from  which  they  do  not  vary.  Thus  the  Long  and  the 
Purple  Scales  are  parasitized  at  about  the  time  of  impregnation  of  the 
females,  or  when  they  are  not  more  than  one-half  their  adult  size,  and 
the  young  Hymenopteron  is  developed  entirely  within  the  body  of  the 
Ooccid.  The  skin  of  the  latter  hardens  when  life  is  extinct,  and  doubly 
protects  the  parasite  during  the  latter  part  of  its  larval  and  in  its  pnpa 
stage.  The  parasite  of  the  Chaff  Scale  makes  its  attack  at  a  later  stage, 
often  when  the  scale  is  fall  of  eggs,  and  its  larva  does  not  enter  the 
body  of  the  Ooccid,  but  feeds  upon  it  and  the  eggs  indiscriminately,  oc- 
casionally devouring  the  eggs  alone  and  leaving  the  mother  Ooccid  un- 
touched. Its  pupa  is  formed  naked  within  the  scale,  and  has  only  such 
protection  as  this  affords  the  Ooccid  and  its  eggs.  In  individual  num 
bers  these  hymenopterons  parasites  abound  to  such  an  extent  that  rarely 
less  than  26  per  cent,  and  often  more  than  75  per  cent,  of  the  scales  are 
attacked  by  them,  and  the  work  of  destruction  accomplished  through 
their  agency  alone  equals  if  it  does  not  excel  that  of  all  other  enemies 
combined.  Doubtless  without  their  aid  the  culture  of  the  Orange  and 
related  trees  would,  in  Florida  at  least,  become  impracticable. 

INSECTS  OF  THE  ORDER  HYMENOPTERA, 

Ants.-^No  species  of  field-ant,  in  Florida  at  least,  is  in  any  sense 
predatory  npon  Scale-insects.  With  the  hard-shelled  Diaspinsd  ants  do 
not  concern  themselves,  except  that  most  of  the  carnivorous  kinds  will 
feed  upon  the  contents  of  a  scale  which  they  chance  to  find  torn  from  the 
bark.  Many  of  the  softer  CoccidsB  are  attended  by  ants  and  to  some 
extent  protected  by  them,  for  the  honey  which  they  produce,  and  upon 
which  the  ants  feed  greedily  without  in  the  slightest  degree  harming  or 
even  disturbiug  the  Ooccids  themselves. 

The  Ohinese,  it  is  said,  have  an  ant  which  is  really  predatory  upon 
Scale-insects,  and  which  they  colonize  in  some  manner  about  their  trees 
for  the  purpose  of  clearing  them  of  these  pests.  If  such  a  species  ex- 
ists, its  importation  to  this  country  would  be  a  great  boon  and  could 
undoubtedly  be  accomplished.    Th«r«  is  in  fact  nothing  impraoticabU 
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in  the  idea  of  domestic&tiDg  ants  and  in  keeping  them  with  their  nests 
in  movable  hives,  as  we  do  bees. 

We  have  in  Florida  a  minnte  yellow  ant,  very  common,  and  very 
troublesome  in  houses,  which  might  perhaps  be  employed  in  this  way. 
'^s  species  seeks  the  shelter  of  buildings  and  hollow  tree-trunks ;  it 
^as  not  as  yet  been  found  possible  to  induce  them  to  remain  domiciled 
^n  exposed  situations,  and  to  attack  the  Scale-insects  upon  living  trees 
in  the  open  air ;  but  when  branches  covered  with  scale  are  brought  into 
the  house,  they  are  voraciously  attacked,  the  scales  eaten  into  or  torn 
from  the  bark  and  their  contents  devoured.    The  nests  of  this  ant  are 
/band  in  very  dry  and  sheltered  situations.    It  is  not  difficult  to  estab- 
lish a  colony  in  a  box  filled  with  shavings,  paper,  or  other  loose  material. 
Id  order  to  accomplish  this,  one  or  more  of  the  large  queens  must  be 
obtained  and  confined  with  a  sufficient  number  of  the  workers  to  act 
as  attendants.    If  the  box  is  kept  in  a  suitable  place,  the  ants  will  ac- 
cept their  new  quarters,  and  may  be  allowed  to  roam  at  large  and  for- 
age for  themselves  and  their  young,  but  the  slightest  exposure  to  light 
or  dampness  will  cause  them  to  desert  the  hive  never  to  return.    It  is 
this  dislike  of  exposure  tnat  has  hitnerto  baffled  every  endeavor  to 
colonize  this  ant  upon  orange  trees  and  use  it  as  a  destroyer  of  the  Scale- 
iDsect.    Farther  experiments  with  this  and  other  species  are  necessary 
to  determine  whether  any  of  them  can  be  efifectively  employed  against 
Scale-insects. 

INSECTS  OF  THE  ORDER  COLEOPTERA. 

Ladt-birbs —  Goccinellidcd. 

The  beetles  of  this  family  are  among  the  most  efficient  destroyers  of 
Bark-lice  3nd  also  of  Plant-lice.  Formerly  they  were  supposed  to  feed 
exclusively  upon  small  insects  of  various  kinds.  Although  it  is  now 
known,  through  the  investigations  Of  Prof.  S.  A.  Forbes  and  others,  that 
the  spores  of  fungi  and  other  vegetable  matter  constitute  a  large  part 
of  the  food  of  our  common  species,  they  are  not  on  that  account  the  less 
valuable  in  the  orange  grove. 

The  family  contains  numerous  genera  and  species  which  fall  into  two 
divisions ;  the  first,  containing  the  species  of  larger  size,  includes  the 
common  insects,  which  are  popularly  recognized  as  ^' Lady -birds";  the 
second  division  embraces  nearly  all  the  smaller  kinds,  many  of  them 
insects  of  minute  size,  but  very  voracious  and  active  destroyers  of  plant- 
eating  insects  and  their  eggs. 

The  Twice •  stabbed  Lady-bibd  {ChilocortLs  bivulnerttSj  Muls.). 
(Fig.  26,  beetle;  Fig.  27,  larva.]— This  species  is  6°»°*  (^  inch)  long, 
nearly  hemispherical  in  shape,  shining  black,  with  a  red  spot  on  each 
wing-case. 

The  larva  is  rather  broadly  oval,  the  color  bluish-black,  with  the  first 
budy-joint  whitish.    The  body  bristles  with  black  spines,  which  are  in 
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turn  covered  with  spiniiles  and  give  to  tbe  insect  a  mossy  appearance-     1 
The  spines  iire  arranged  iu  six  longitudinal  rows.  " 

The  larva,  when  full  grown,  attaches  itself  firmly  b;f 
\^^[  J  t  he  false  legs  at  the  end  of  the  body,  and  becomes  wedge- 
,^^^^ftb,|  shaped ;  tlie  skiu  of  the  back  splits  aud  gapes  open,  part- 
J^|V  ly  disclosing  the  pupa,  which,  however,  remains  witliiu 

^^^^  tbe  skin  of  the  larva.    This  mode  of  pupating  is  cU^*"- 

""ft  '"£",'"7"'-     acteristic  of  the  entire  family. 

The  pupa  isshortand  thick, tapering  snddenly  behind* 
in  color  black,  mottled  with  dusky  brown.  The  stoat  spines  of  the  larr  ^ 
are  ivii];ii:id  by  patches  of  spiny  hairs. 

The  Twice-stabbed  Lady-bird  is  as  abuudaut  in  Floir- 
uVa  as  in  all  parts  of  tlie  eastern  aud  southern  United 
Slates,  and,  with  its  larva,  is  frequently  seen  upon  th^ 
orange  trees,  feeding  upon  Scale-insects  aud  also  uiwti 
Aphis.     It  is  ratherfund  of  coot,  damp  situations,  and 
is  most  abuudaut  in  old  groves,  U|)Oii  ihe  trunks  of  , 
trees  infested  with  Cbafi' Scale  and  fungi.     It  tears  up 
the  scales  aud  devours  the  Coccids  and  their  eggs. 
-   *ir..i..e™*.    1 ,1  v».     St'veral  broods  occur  during  the  year.    The  larvae  ap- 
pear to  be  somewhat  gregarious,  and  frequently  when 
tbey  form  their  pupie  suspend  themselves  in  clusters  to  shreds  of  Si«m- 
isli  moss  or  in  patches  upon  the  bark  when  it  is  coated  with  lichens. 

I'^xocHOMUS  CONTRISTATUS  Muls.  (Fig.  JS, beetle;  Fig. 29, larva.)— 
Tliis  is  a  much  smaller  species  than  the  preceding.  The  beetle  is  SM'"" 
(0.13  inch)  long.  The  bead,  thorax,  and  body  beneath  are  black,  but 
tlie  wiug-cases  are  red,  with  ablack  spot  near  the  tip  of 
each. 

The  larva  has  the  oval  form  aud  spiny  appearance  of 
ChUocorun  birulnents,  but  is  handsomely  marked  witli 
bhick  and  while.  The  spines  of  the  latter  become  iu 
this  species  prominent  spiny  tubercles. 

The  pupa  is  not  provided  wilh  spiny  hairs,  but  is 
smooth  and  marbled  with  black  and  yellowish  brown,  in  a  manner 
recalling  tbe  shell  of  the  tortoise. 

In  habits  this  Lady-bird  hardly  differs  from  its  larger  relalivc.  Cltilo- 
corun  birulneruK.  It  however  shows  no  prd'creine 
for  the  shade,  and  is  found  feeding  in  ('X|>osetI 
situations  upon  the  branches  infested  wiili  Scale- 
insects,  or  upon  shooU  coveri'd  with  Plant  lice. 
It  is  exclusively  a  southern  species.  In  Flonda 
'      '  it  occurs  everywhere  upon  the  Oak,  aud  frei|Lienl- 

^'iH,utmf'u^T"iOri^-    ly  becomes  abundant  in  the  orange  grove,  wliere 
'""'■'  it  does  good  service  in  ridding  the  trees  of  in- 

sect pests,  devouring  the  eggs  and  the  young  of  the  larger  kinds,  and 
leaiiiig  up  tlic  scales  of  Bark-Hce  in  order  to  feed  upon  their  contents, 
contents.     It  is  also  au  active  destroyer  of  the  Orange  Aphis. 
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The  Blood-red  Lady-bird  {Cycloneda  sanguinea,  Linn.).    I  Fig.  30, 
/ana;  Fig:.  '^1,  pupa;  Fig.  32,  adult  beetle,  enlarged  and  natural  size.]— 


la^rva  —  enlarged. 
1  ^AJt/tr  Comstock . ) 


Fig.  31. -^  Oydoneda  »an' 
guinea,  piipa—enlarged. 
(After  Comtttock.) 


Fio.  32. — Cycloneda  sanguinea  — 
natural  size  and  onlttrged.  (Af* 
ter  Comstock.) 


A^s  ite  name  indicates,  the  color  of  this  species  is  orange-red  or  blood- 
ied, varying  some\s'hat  in  individuals.    The  head  and  thorax  are  black, 
each  with  a  pair  of  yellowish  spots ^  the  thorax  is  also  bordered  with 
yellow.    Length  5™™  (V^  inch).    The  larva  is  of  a  more  elongate  form 
thao  the  preceding  species ;  the  body  not  armed  with  spines,  but  with 
^ows  of  small  tubercles  bearing  tufts  of  dhort  hairs.    The  colors  are 
bluish-black  spotted  with  orange. 

The  pupa  is  orange  yellow,  clouded  and  spotted  with  dusky  brown  or 
black. 

This  is  a  most  common  and -widely-distributed  species,  extending 
even  to  California,  where,  however,  it  is  said  to  be  less  abundant  than 
in  the  East.  Like  most  of  the  species,  it  is  not  connected  with  any 
particular  plant,  but  is  found  wherever  Plant-lice  occur,  feeding  upon 
their  honey -dew  in  preference  to  Bark-lice  or  other  insects,  but  not  sel- 
dom attacking  the  Orange  Scale-insects  when  the  Aphis  is  not  at  hand. 
It  is  a  sun-loving  species,  and  is  most  aetive  and  voracious  in  the  hot- 
test weather. 

Hippodamia  convergens  Gu6r.  (Fig.  33,  larva,  pupa,  and  adult; 
Fig.  34,  beetle,  enlarged.) — This  species  is  also  com 
men  from  the  Atlantic  to  the  Pacific,  and  every- 
where feeds  voraciously  upon  the  various  species 
of  Aphis  and  Bark-lice.  Its  wing-cases  are  orange. 
red,  with  five  or  six  rather  small  black  spots  on 
each,  but  the  remainder  of  the  body  is  black.  The 
head  has  a  white  crown  and  the  thorax  is  edged 
with-white  and  has  two  converging  dashes  or  short  lines  of  white  upon 
the  disk. 

The  pupa  is  orange-red,  of  the  same  shade  as  the  wing-cases  of  the 
adult,  and  has  upon  its  surface  a  varying  number  of  black  spots.  The 
spots  are  in  some  individuals  entirely  wanting,  but  three  spots  upon 
each  wing-pad  and  at  least  one  pair  upon  the  first  abdominal  joint  are 
very  rarely  absent.    The  surface  of  the  pupa  is  without  spines  or  hairs. 


I'IG.  Z3.— Hippodamia  con- 
vergens.    (Alter  Riley.) 
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The  larva  has  the  same  general  colors  as  the  perfect  beetle, 
mottled,  the  brighter  red  appearing  as  spots  surrounded  by 
areas;  the  prominences  upon  the  back  of  each  body-joint  arc  i 

with  downy  hairs;  the  single  pair  up( 
of  the  first  three  joints  forms  raised 
of  black  color;  the  head  and  legs  ar 
The  larva  of  this,  as  well  as  that  c 
other  species,  is  attacked  by  an  interi; 
asite  which  causes  its  deiitii  soon  j 
has  become  adult.  The  Lady-birc 
attaches  itself  to  the  plant  in  the  i 
usual  to  it  when  about  to  change  int< 
the  pupa,  however,  never  appears,  1 
body  of  the  larva  becomes  rigid  and  d 
in  shrinking  sometimes  discloses  the  outlines  of  the  little  ovj 
formed  by  the  parasites  within.  The  number  of  parasites  found 
body  of  a  single  Lady-bird  varies  from  three  to  six,  or  ev^en  eight, 
parasite  finally  issues  through  a  separate  hole,  eaten  in  the  ski 
host,  and  appears  as  a  little  four-winged  fly  of  blaek  color  ai 
banded  wings  (Fig.  3o).     It  has  been  described  by  Mr.  L,  O.  I 


Fia.  ZL—Hippodamia  convergent — 
natui-al  bizo  and  enlarged.  (After 
Com  stock.) 


TiG.25.—Hoinalotylu8obieurue,    (Original.) 

(Bull.  5,  Entom.  Bureau,  United  States  Department  of  Agri< 
1885,  p.  22)  under  the  name  of  Homalotylus  obscurus.  Species 
same  genus  are  known  to  attack  the  larvae  of  Lady-birds  in  Eui 
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The  Scale-devouring  Hyperaspidius  [Hyperaspidiua  coccidivorus 
Ashmead ;  Plate  V,  Fig.  2  ;  a,  larva ;  b,  head  of  larva  much  enlarged ; 
f,part  of  side  margiu  of  the  head,  showing  antenna  and  ocelli;  dj  bee- 
tle.)—Although  on  account  of  its  small  size  this  little  beetle  has  been 
I  generally  overlooked,  it  is  probably  the  most  useful  of  its  family  as  a  de- 
stroyer of  Bark-lice.  It  attacks  principally  the  Chaff  Scale  (Parlatoria 
pergandii)j  and  lives  in  colonies  upon  the  trunks  and  branches  of  orange 
trees  infected  with  this  scale.  Both  the  perfect  beetle  and  its  larva 
busy  themselves  without  ceasing  in  emptying  the  scales  of  their  con- 
tents, and  many  instances  have  been  observed  of  trees  ultimately  cleared 
of  Chaff  Scale  through  their  persistent  efforts. 

The  hirva  is  1.8"*™  (yj^  inch)  in  length ;  body  dark  purple,  covered 
with  minute  pubescence  having  a  silver-gray  reflection  ;  the  bead  and 
lejrs  black. 

The  papa  has  the  color  of  the  larva,  and  the  form,  in  outline,  of  the 
l)erfect  beetle. 

The  imago  is  broadly  oval,  shining  black,  with  a  badly-defined  red 
spot  iijwn  each  wing-case.     Length,  1*""*  (yJ^  inch). 

The  strength  of  the  little  insect  is  apparently  not  sufficient  to  pene- 
trate the  hard  scales  of  some  of  the  Diaspinae ;  it  is  not  often  seen  to 
attack  either  the  Long  Scsxle(M,  glover  ii)  or  the  Purple  Scale  (ilf.ci7Hco/a), 
hat  appears  most  frequently  upon  trees  infested  with  Chaff  Scale  (F.per- 
gondii).  Even  here  it  does  not  seem  able  to  bite  through  the  upper 
shell,  but  inserts  its  thin,  wedge-shaped  head  and  jaws  between  .the 
Scale-insect  and  the  bark  and  eats  into  it  from  below.  The  perfect  in- 
ject, and  to  some  extent  the  larva  also,  devour  the  jouiig  of  any  species 
of  Bark-louse,  but  have  not  been  observed  to  attack  Aphis  or  any  other 
insect. 

The  young  hatch  in  spring,  from  eggs  laid  in  patches  among  the 
J^ales. 

EpiTKAGUS  tom:entosu«;  family  Tenehrwnidw.     (Fig.  36.) — This  is 
about  half  an  inch  in  length,  i-egularly  oval  in  form,  and  convex  above. 
The  bo<ly  is  dark  brown,  densely  sj^rinkled  with  ash- 
tray pubescence.    The  habits  of  the  perfect  insect  are 
similar  to  those  of  the  Lady-birds,  and  it  is  very  com 
monly  found  ui>ou  orange  trees,  engaged  in  feeding  up- 
on Scale-insects  of  all  kinds.     It  tears  the  scale  from 
the  bark  and  devours  the  contents,  and  sometimes  the 
substance  of  the  scales  also.    Its  early  history  is  un- 
knowiiy  but  the  larva  probably  lives  upon  the  ground 
among  oak  leaves.   The  beetle  is  also  found  abundantly 
upon  scrubby  oaks,  where  it  feeds  also  upon  Bark-lice. 

Malchmg  the  trees  with  oak  leaves  is  very  certain  to       u>mento9ui.    (Orig- 
attract  these  beetles,  and  they  do  good  service  in 
checking  the  increase  of  Scale-insects,  although  they  are  seldom  pres- 
ent in  sufficient  numbers  to  effectually  clean  the  trees. 
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PliEDATOliX  LEPIDOPTERA. 

The  Coccid  EATING  Dakruma  (Dakruma  coccidivora  Con.  \},  [Plate 
VI,  Fif^.  ;>:  a,  e^g;  &,  larva;  c,  pupa;  d,  motb ;  e,  inotli  resting  >n  a  Bark- 
louse.J—The  predatory  habits  of  this  little  moth  were  first  ma  \e  known 
by  Professor  Comstock  (North  American  Entomologist,  I,  p.  "io),  who 
lountl  its  larva  eating  various  species  of  Bark-lice.  It  is  also  v  ry  com- 
mon in  the  spring  of  the  year  on  orange  trees  infested  by  the  soft  bodietl 
Coecids,  Lecanlum,  Ccroplastcs^  &c.,  an<l  does  incalculable  service  ii.  ck»ar- 
ing  them  of  these  pests.  It,  however,  does  not  attack  the  Dia  oiua? 
unless  compelled  by  hunger  to  do  so,  and  seems  to  experience  some  \ifli- 
cnlty  in  biting  through  their  hard  scales. 

Several  larvie  live  together  socially  in  silken  galleries,  with  wL  'li 
they  cover  twigs  and  branches  infested  with  Scale-insects.  Umk^- 
neath  the  covering  of  web  the  caterpillars  of  Dakruma  move  back  an  I 
forth,  actively  engaged  in  removing  the  Bark-lice  from  the  bark  am 
suspending  them  in  the  investing  web.  Nothing  could  be  more  thor 
ough  than  their  work.  Branches  incrust^d  with  Lecanium  scales  an 
very  quickly  cleared  of  the  lice,  and  the  Dakruma  larvi>j  do  not  cease  tc 
extend  their  operations  until  every  individual  "Coccid  in  the  colony  has 
been  lifted  from  its  place  and  securely  fastened  in  the  web  above. 

While  constructing  their  galleries  the  caterpillars  stop  occasionally 
to  feed  upon  the  Cocoids.  At  such  times  they  seldom  finish  their  repasts, 
but,  like  busy  workmen,  as  they  are,  hastily  snatch  a  bite  or  two  by  way 
of  lunch,  and  suspend  the  half  devoured  fragments  in  their  web.  When 
the  entire  scale  colony  has  been  secured  w'i thin  its  net,  the  Dakruma 
larva  rests  from  its  labors  and  feeds  at  leisure  upon  the  Coecids  sus- 
l)ended  in  its  larder.  It  devours  not  onl^'  the  eggs  and  young  and  the 
softer  parts  of  the  Bark-lice,  but  even  to  some  extent  their  harder  skin 
or  scale.  The  result  of  its  operations  upon  Lecanium  and  Ceroplastes 
scales  is  to  utterly  annihilate  the  colonies  of  these  insects  which  they 
attack. 

Larva. — A  rather  slender  caterpillar,  nearly  half  an  inch  in  length, 
very  dark  green,  almost  black  in  color;  the  body  bears  a  few  long  hairs 
arising  from  pale  brown  spots. 

Pupa, — The  chrysalis  is  formed  within  the  galleries  of  the  larva,  and 
is  loosely  wrapped  in  a  cocoon  of  silk.  It  is  slender,  tapering  to  the 
anal  extremity,  of  varyi.':g  shades  of  brown,  darkest  on  the  back  and 
lighter  on  the  belly  and  wing-pads. 

Imaf/o. — A  small,  dark  colored  moth,  one- third  of  an  inch  in  length. 
The  body  is  dark  brown  above  and  gray  beneath;  the  forewings  are 
light  gray,  with  markings  of  brown  and  black ;  the  eyes  are  black  and 
distinctly  faceted. 

Egg, — White,  oval,  the  surface  covered  with  a  netw^ork  of  raised 
lines,  the  meshes  forming  irregular  hexagons. 

Iliotory. — The  .eggs  are  laid  singly  among  the  Coecids;  they  hatch  in 
five  or  six  days  ;  the  caterpillars,  if  food  is  abundant,  attain  their  full 
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►wth  in  ten  or  twelve  days ;  their  pupa  stage  lasts  about  the  same 
gtli  of  time,  unless  belated  in  June  or  July,  in  which  case  they  re- 
in iu  pupa  until  the  heat  moderates  in  August  or  September.  The 
erpillars  are  first  seen  in  March,  but  are  not  common  until  April  or 
ly.  The  moths  are  most  abundant  in  June,  but  disappear  in  mid- 
nmerand  appear  again  iu  the  fall.  There  are  at  least  two,  and  pos- 
ly  three,  broods  iu  the  spring  and  early  summer,  and  one  in  the  fall. 
epupjv  and  a  few  belated  larvfe  may  be  found  in  winter^at anytime. 
'hePalk  Dakruma  (J). pallida  Comstock). — Another  species,  closely 
euibling  the  preceding  and  having  similar  habits,  is  described  b}' 
)fe38or  Comstock  (Rept.  Comm.  Agric.  for  1879,  p.  243)  from  galMike 
cckls  oil  Oak.  From  its  similarity  of  habit  this  species  may  be  ex- 
ited to  feed  n\H)u  Orange  Scale- insects,  although  it  has  not  been  actu- 
;  observed  to  do  so.  It  is  known  from  the  first  species  by  its  lighter 
)rii)  both  the  .idult  and  larval  stages. 

CALE-EATiNO  TiNEiD.*  (Fig.  37.) — The  caterpillars* of  a  Tineid  moth 
1  habits  very  similar  to  Dakruma,  are  found  eating  various  Coc- 
,  aud  have  also  been  observed  to  feed 
I  tbe  common  Long  and  Chafi' Scales 
Grange.  Several  specin»ens  of  the 
I  were  bred  in   winter   from  larva? 

siting  tightly-rolled  dead  leaves  in-  I   \  ^— J- 

m1  ill  the  webs  of  a  social  leaf  eating 

pillar    (AfUeglUs).      The    leaves    thus      ^iG-y^SeaU-eatingTineid.   (Original.) 

ued  had  been  infested  by  Scale- in  sects,  and  the  scales  within  the 
it  of  the  larvae  were  all  gnawed  and  partially  devoured, 
summer  the  same  species  is  found  forming  silken  galleries  like 
of  Dakruma  upon  orange  branches  infested  with  Diaspinous  scales. 
5  following  observations  of  the  habits  were  made  u[)on  several 
•  jdaced  upon  a  twig  of  Orange  covered  with  Long  Scale  (Mytilas. 
ttrerii).  The  larvte  began  at  once  to  make  a  tangle  of  web  in  a  fork 
a  twig,  which  was  afterwards  extended  into  a  gallery  along  the 
•h.  From  time  to  time  a  larva  reached  out  and  tore  a  scale  from 
ark.  Sometimes  it  devoured  the  whole  scale,  with  the  contained 
t ;  again  it  turned  the  scale  over  and  ate  the  contents,  eggs  and 
er  Coccid,  retr.ating  finally  to  its  gallery  and  taking  with  it  the 
V  shell,  which  it  iastened  in  its  web.  Occasionally  the  caterpillars 
bed  from  th  >  bark  and  fastened  in  their  web  scales  with  their  liv- 
>nteut8  untouched.*  From  the  frequent  additions  made  to  it,  the 
it  of  the  caterpillars  soon  became  entirely  coated  with  fragments, 
ould  with  difficulty  be  distinguished  from  the  surrounding  bark. 


e  contents  o(  tIu*»o  scaloH  were,  however,  sooner  or  later  devoured.  The  larvje 
leniently  giunved  into  a  scale  at  one  end  and  pulled  out  and  devoured  the  iu- 
^avin'^'  tli*^  empty  scale  still  attiiched  to  the  bark.  They  also  ate  sparingly  the 
r  exudations  of  the  bark. 
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Tbese  fragments  consisted  in  great  part  of  balf-eaten  scales,  from  which 
the  eggs  and  the  Goccids  had  been  extracted. 

Larva, — The  caterpillars  are  about  one-fourth  inch  long,  dark  purple 
in  color,  with  lines  of  lighter  color  in  fine  blotches  along  the  sides. 

Pupa, — The  chrysalis  is  sometimes  formed  upon  the  branches  within  a 
cocoon  of  silk  densely  covered  with  scales,  and  sometimes  concealed  in 
a  dead,  rolled  leaf,  or  otherwise  protected  under  fragments  lodged  in 
spider-webs,  &c.  It  is  dark  brown  in  color,  and  of  the  usual  form,  with- 
out striking  peculiarities. 

Imago, — The  moth  is  less  than  one-third  inch  in  length,  with  rather 
long  ^ings ;  head  and  thorax  are  ashen  gray ;  the  upper  wings  are  lus- 
trous lead  color,  with  silvery  scales  intermixed ;  they  are  marked  each 
with  a  single  distinct  black  spot  near  the  base  and  a  pair  of  faint  dots 
near  the  tip.  The  under  wings  are  silvery  gray,  with  the  membrane 
showing  iridescent  blue  between  the  scales  in  the  middle  of  the  wing; 
the  antenna  in  one  sex  has  the  third  joint  thickened  and  curiously  ex- 
cised, the  excavation  covered  with  a  tuft  of  long  scales. 

History, — ^The  larvae  of  this  species  have  been  observed  only  iu  the 
fall  and  winter  months,  and  the  number  of  broods  is  not  known.  It  may 
be  assumed  to  have  three  or  four  broods.  Moths  appeared  in  thirteen  or 
fourteen  days  from  pupae  formed  late  in  September.  In  December  an3 
January  they  remained  twenty  days  in  pupa. 

Two  other  moths  of  this  family  ( Tiiieidce)  have  been  noted*  as  feeding 
upon  Coccids  in  Florida,  but  they  were  bred  only  from  galMike  Bark- 
lice  found  upon  Oak,  and  never  occurring  upon  orange  trees. 

» 

INSECTS  OF  THE  ORDER  HEMIPTERA, 

The  Spider-legged  Soldier-Bug  {Leptocorisa  tiptiloidesj  Latr.; 
Plate  VI,  Fig.  4.) — This  is  a  slender,  long-legged  bug.  The  color  of  the 
body  is  orange-yellow,  with  a  founded  spot  of  black  upon  the  thorax ; 
the  legs,  antennae,  and  tip  of  the  beak  are  black ;  the  wings  in  the 
adult  have  a  baud  of  black  across  the  middle  and  an  oval  spot  of 
black  covering  the  terminal  half;  the  legs  are  covered  with  almost  in- 
visible, short,  stiff  hairs,  which  cause  small  light  objects  to  adhere  to 
them.  The  bodies  of  the  young  especially  are  covered  with  fragments, 
consisting  in  great  part  of  the  pellicles  of  insects  which  have  been 
emptied  of  their  contents  by  the  bug.     Length  of  the  adult,  ^  inch. 

The  habits  of  this  bug  are  sluggish,  but  it  flies  readily  when  adult. 
It  is  found,  often  in  great  numbers,  upon  the  Orange  and  other  plants 
when  they  are  infested  with  the  common  Lecaniura  Scale  {Lecanium  hcs- 
peridum,  Linn.).  The  bug  sucks  the  juices  of  these  soft-shelled  Bark- 
lice,  but  has  never  been  observed  to  puncture  the  hard  scales  of  the 
DiaspinsB.  Unfortunately  the  Leptocorisa  does  not  discriminate  be- 
tween friends  and  foes,  but  destroys  many  predatory  and  useful  insects. 

*  Bept.  Comm.  Agrio.  for  1879,  p.  244. 
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It  bas  been  observed  to  c^ptore  and  suck  the  juices  of  ants  and  of  the 
larra  of  the  Lace- wing  flies,  and  also  to  empty  of  their  contents  the 
eggs  of  other  insects. 

£j^.— The  eggs  are  long,  vial-shaped  objects,  brick-red  in  color; 
they  are  deposited  upright,  in  small  masses,  aglutinated  with  a  viscid, 
frothy  substance,  which  dries  very  slowly  and  remains  sticky  long  after 
the  eggs  have  hatched.  The  eggs  hatch  in  about  one  week  after  they 
are  deposited. 

Ufe-higtory. — ^The  number  of  broods  is  indefinite ;  solitary  individuals 
aiefooDd  at  all  seasons,  but  become  more  numerous  in  spring  and  fall, 
npoD  plants  infested  with  Lecanium  Scale,  which  also  breeds  most  rap- 
idly at  these  seasons.  The  young  suck  the  juices  of  plants  for  a  sjiort 
time  after  hatching,  but  afterward  feed  exclusively  upon  insects.  .  They 
change  their  skins  frequently,  gradually  acquiring  fully-developed 
wings  and  other  characters  of  the  adult ;  the  process  occupying,  accord- 
ing to  the  season  and  temperature,  from  three  weeks  to  two  months, 
this  species  is  much  more  gregarious  in  its  habits  than  most  predatory 
ioldier-bugs.  Not  only  the  young,  but  also  the  adult  insects  are  fre- 
nently  found  in  large  colonies. 

Paroiite. — ^The  only  enemy  known  to  attack  this  bug  is  a  minute 
roctotrupid  fly,  belonging  to  the  genus  Telenomus^^  which  ip  bred 
thin,  and  destroys  its  eggs.  The  parasite  is  black,  with  yellow  legs, 
single  fly  issues  from  each  egg  of  the  bug,  leaving  a  round  hole  eaten 
the  side  of  the  shell. 

Two  small  bugs  (Hemiptera)  prey  upon  the  Mealy-bug  {Dactyhpiwt 
ttrueiar),  Si>eciinens  of  the  young  bugs  were  sent  to  the* Department 
Agriculture,  from  Florida,  on  leaves  of  Orange  infested  with  Mealy- 
gSj  and  were  observed  to  suck  the  eggs  and  young  lice  of  the  Mealy- 

Ln  the  young  of  one  species  the  color  is  deep  red,  with  brown  eyes;  an- 
insB  and  legs  pale  reddish  or  yellowish  white,  with  the  thighs  slightly 
sky ;  the  antennsB  four-jointed,  the  fourth  joint  longest;  the  proboscis 
>rt,  rather  stout;  from  each  side  of  the  abdomen,  near  the  tip,  projects 
>air  of  long  bristles.  Length,  when  adult,  about  3™"  {^^  inch). 
Che  other  species  is  a  smaller  insect  than  the  preceding.  The  young 
gs  are  coral-red,  the  shanks  and  tips  of  the  legs  white,  the  antennsB 
o  parti-colored,  having  the  third  joint  and  tip  of  the  terminal  (fourth) 
nt  white ;  the  proboscis  is  white,  and  reaches  beyond  the  middle  of 
3  body ;  the  body  and  members  are  covered  with  short,  pale  hairs.  The 
alt  is  purple-brown,  with  lighter  eyes,  and  has  parti-colored  legs  and 
tennse;  the  wings  are  ornamented  with  a  large  chocolate  brown  spot 
ged with  white  or  pale  red,  and  situate  at  the  base  of  thQ  membranous 
rtion,nearthe  tip  of  each  wing- cover;  the  body  and  surface  of  the  wings 
)  thinly  covered  with  silvery  hairs,  giving  a  hoary  appearance  to  the 
ect.  Length  2.2""'  (t*^  inch).  The  egg  is  long  and  slender,  vase- 
iped,  peady  white,  witti  a  tinge  of  pink,  and  has  a  white  rim ;  it  is 
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deposited  singly,  lying  upon  its  side,  in  any  situation  where  the  female 
may  find  a  lurking  place/ 

This  little  bug  is  one  of  a  number  of  insects  often  associated  with  the 
Orange  Web-worm,  Anceglis  demissalis.    (See  Chapter  X.) 

INSECTS  OF.THE  ORDER  NEVBOPTERA. 

LACK-WINGS. 

Chrysopa.  (Fig,  38,  adult  fly  and  eggs  of  Chrysopa  oculata.) — There 
may  frequently  be  seen,  moving  rapidly  about  upon  the  trunk  and 

branches  of  the  orange  tree,  little  floc- 
culent  masses,  grayish  in  color,  nearly 
hemispherical,  and  of  about  the  size  of 
a  split  pea.  When  one  of  these  mossy 
Fio.  zB,-.ohrytopa  ocrdata.  buuchcs  is  examined  closely  it  is  found 

to  be  an  insect,  whose  back  is  covered  with  a  nondescript  collection  of 
fragments,  consisting  chiefly  of  the  dried  skins  and  broken  remains  of 
insects.  .  This  is  the  young  of  a  Chrysopa,  or  Lace- wing  fly,  and  the  cov- 
ering with  which  its  soft  body  is  protected,  and  which  renders  it  less 
conspicuous  upon  the  bark,  is  formed  from  the  accumulated  remains  of 
the  victims  whose  juices  have  served  the  animal  for  food. 

The  Lace- wing  feeds  to  a  great  extent  upon  Bark-lice^  tearing  loose 
the  scales  from  the  bark,  and  after  devouring  the  soft  contents  adding 
a  portion  of  the  debris  to  the  load  upon  its  back.  Plant  lice  and  many 
other  small  insects  are  also  eaten.  The  activity  and  rapacity  of  the 
larva  is  remarkable;  it  wanders  restlessly  over  all  parts  of  the  tree  in 
search  of  food,  and  although  insignificant  as  to  numbers  in  comparison 
with  the  swarming  millions  of  its  prey,  it  yet  exercises  an  appreciable 
influence  in  holding  them  in  check. 

Larva. — The  body  of  the  larva,  divested  of  its  extraneous  covering,  is 
somewhat  broadly  oval,  divided  into  joints,  from  the  sides  of  which  arise 
branching  spines.  These  spines  serve  to  hold  in  place  the  loose,  dry 
materials  which  are  piled  upon  its  back.  The  legs  are  quite  long  and 
slender,  adapted  to  rapid  movements,  and  the  jaws  are  sickle-shaped, 
long  and  keenly  pointed,  projecting  beyond  the  ambuscade  under  which 
the  insect  moves. 

Pupa. — When  prepared  to  pupate,  the  larva  forms  an  almost  globular 
cocoon  by  drawing  together  with  strands  of  silk  the  loose  materials  it 
bears  upon  its  back,  and  constructing  beneath  it  a  spherical  cell  of  thin 
but  strong  parchment,  pure  white  in  color.  Within  this  the  pupa  lies 
curved  like  an  embryo.  The  pupa  has  the  form  of  Wie  perfect  insect, 
barely  masked  by  a  transparent  envelope,  and  with  the  wings  and  other 
members  contracted  and  closely  applied  to  the  body.  It  gradually 
changes  in  color  from  white  to  pale  green,  and  finally  issues  by  pushing 
outward  a  circular  cap  which  forms  one  end  of  its  cell. 

Imago. — The  perfect  insect  is  a  four-winged  fly,  of  a  delicate  pea-green 
color ;  eyes  a  resplendent  copper  bronze.  The  wings  are  large,  closely 
veined,  hyaline  with  a  violet  reflection  5  when  at  rest  they  meet  in  a 
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ridge  like  the  peak  of  a  roof.  The  anteiiDte  are  black,  paler  outwards. 
Head  porcelaiu- white;  the  enlarged  first  joint  of  the  antennae,  and  also 
a  triangular  spot  on  the  head  at  the  base  of  each  antenna  purple  red;  a 
band  of  the  same  color  on  each  side  of  the  thorax. 

Egg9. — ^The  eggs  are  laid  upon  various  parts  of  the  tree,  often  near  a 
colony  of  Plant  lice,  in  groups  of  five  to  fifteen,  each  supported  on  the 
end  of  an  erect,  bristle  like  stalk,  about  0.4  inch  in  length.  The  object 
of  this  device  is  said  to  be  the  preservation  of  the  Qgg  from  the  young 
of  its  own  kind,  for  such  is  the  rapacity  of  the.  larva  that  those  first 
hatchetl  would  immediately  devour  the  remaining  eggs  if  they  were  de- 
IH>sited  within  reach  upon  the  surface  of  the  plant. 

Life-kutory. — ^Thc  development  of  Chrysopa  is  quite  rapid  in  hot 
weather,  and  is  greatly  retaided  by  cold.  There  are  apparently  but 
two  broods  each  year,  in  spring  and  fall.  Eggs  are  seen  as  late  as  the 
middle  of  July,  but  the  larvae  only  are  abundant  in  midsummer.  In 
winter  both  larvae  and  eggs  are  found,  but  the  perfect  insect  is  not 
common  except  in  early  summer  and  late  in  the  fall.  There  are  said  to 
be  several  species  of  Chrysopa  frequenting  the  Orange,  which,  however, 
Hre  with  difficulty  distinguished  from  each  other,  and  have  identical 
habits.  One  of  these  has  been  described  a«  new  by  Ashmead  under 
the  name  Chrysopa  citri. 

Parasites  {Perilitus  sp.).* — A  four-winged  parasite  destroys  the  Chry- 
sofKi,  and  issues  from  its  cocoon.  It  is  of  slender  form,  witb  the  abdo- 
men stalke<l;  color  beneath  light  yellow,  above  black,  with  yellow  mark- 
ings; the  legs  yellow,  the  antennae  d^i^l^?  the  face  yellow;  eyes,  ver- 
tex, and  back  of  the  head  black;  the  rings  of  the  hind-body  are  alter- 
nately black  and  yellow.    Ijength,  3™°'  d^^^  inch). 

Hexebobius. — Several  species  of  this  genus,  which  is  closely  allied 
to  Chrysopa,  exist  upon  orange  trees  and  feed  upon  the  young  of  Bark- 
lice,  and  to  a  still  greater  extent  upon  Plant-lice  {Aphis).  They^  have 
nearly  the  same  habits  as  Chrysopa,  but  the  larvae  do  not  protect  them- 
selves with  a  covering  of  fragments.  The  larvae  are  mottled  with  gray, 
brown,  and  dull  red,  and  are  more  slender  than  those  of  the  preceding 
species. 

The  papa  is  formed  in  a  globular  cocoon  of  white  parchment,  not 
covered  with  fragments. 

The  periect  insect  is  much  smaller  than  Chrysopa ;  the  wings  are  less 
transparent,  and  are  covered  with  down  of  light-brown  color. 

MITES-^ACARINA. 

Next  to  their  internal  parasites.  Mites  constitute  the  most  important 
enemies  of  Scale-insects,  and  exert  a  constant  and  very  powerful  influ 
ence  in  checking  their  increase.     They  are  at  all  times  present  wherever 
ScaleinsectM  exist,  and  in  numbers  limited  only  by  the  food  supply. 
They  cannot  penetrate  the  hardened  shells  of  mature  Scale-insects,  but 
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they  destroy'  great  numbers  of  the  youug  lice,  as  soon  as  the  latter  have 
fastened  themselves  to  the  bark,  and  while  their  scales  are  still  soft  and 
thin.  They  also  creep  into  the  open  end  of  scales  which  have  beguu  to 
hatch,  and  destroy  a  portion  of  the  eggs.  The  scales  vacated  by  para 
sites,  in  which  have  been  left  couvenient  open  doorways,  famish  the 
Mites  with  secure  retreats  and  places  of  deposit  for  their  eggs.  Usually 
the  dry  and  distended  skin  of  the  Coccid  is  left  by  the  parasite,  nearly 
filling  the  scale,  and  with  a  minute  exit  hole  immediately  opposite  that 
in  the  outer  shell.  Thus  the  Mites  or  their  young  and  eggs  are  provided 
with  a  double  envelope  separated  by  layers  of  confined  air,  and  nearly 
impervious  to  liquids.  It  is,  therefore,  not  astonishing  that  applica- 
tious  sufficiently  penetrating  to  kill  Scale-insects  do  not  reach  theMites 
and  their  eggs  thus  jirotected.  In  fact  the  latter  very  frequently  in- 
crease enormously  after  an  ett'ective  application,  because  the  loosening 
of  the  scales  bj^  the  wash  enables  them  to  penetrate  to  and  feed  upon 
the  dead  or  dying  Bark-lice,  and  the  supply  of  food  is  for  a  time  largely 
increased. 

To  cause  a  marked  increase  in  the  number  of  the  Mites,  it  is  some- 
times sufficient  to  loosen  the  scales  here  and  there  upon  the  trunk  and 
branches  which  are  most  thickly  encrusted  with  them,by  scraping  tbe 
bark  with  a  stick  or  knife  blade.  This  gives  the  Mites  an  increased  sup- 
ply of  food,  and  stimulates  them  to  active  breeding.  The  result  is 
often  to  effectively  check  the  progress  of  the  Scale-insects  for  the  time 
being,  although  they  cannot  be  exterminated  in  this  way.  The  method 
is  not  advanced  as  a  practicable  remedy,  and  cannot  be  made  to  replace 
the  proper  application  of  insecticides,  but  from  its  simplicity  it  is  fre- 
quently useful  as  a  means  of  gaining  time,  when  remedies  are  not  at 
hand. 

Glover's  Orange  Mite  (Tyroglyphus  f  gloverii  Ashmead).  [Plate 
VI,  Fig.  5.] — This  is  the  commonest  species  fouiid  among  Orange  Scale- 
insects;  it  is  also  the  smallest  species  >ind  the  most  active  and  ra2)id  in 
its  movements ;  it  is  somewhat  longer  than  broad,  slightly  flattened; 
in  color  it  varies  from  pure  white  to  yellowish,  and  often  a  pale  pink  or 
flesh-color.  This  color- variation  is  due  to  the  varying  nature  of  its  in 
testiual  contents,  seen  through  the  semi  transparent  body.  Length 
about  0.1>°"  ( roVo  inch).* 

The  eggs  are  white,  and  are  deposited  either  singly  or  in  small  groups, 
under  a  tangle  of  spider's  web,  among  dead  scales,  &c. ;  lurking  places 
in  which  the  white,  six  legged  young  congregate  and  undergo  their  trans- 
formations. 


"  The  form  iu  uioBt  sut't-bodied  AcariuaiB  very  changeable,  depending  aponthecon- 
ditiou  of  the  animal,  whether  full-fed,  or  depleted  by  fasting.  *  The  tignre  of  this 
species  on  Plate  VI  represents  the  shape  commonly  seen.  When  emaciated,  the  sides 
of  tho  body  become  deeply  sinuate  or  lobed,  deep  pits  are  fonued  upon  the  upper  sur- 
face in  front,  and  several  transverse  folds  iu  the  skin  appear  to  divide  the  abdominal 
portiou  into  segments.  In  plethoric  individuals,  the  distention  of  the  body  into  au 
oval  sack  obUterates  every  trace  of  fold  or  depression  upon  its  surface. 
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This  species  certainly  feeds  apon  the  eggs  of  Goecids,  and  probably 
also  upon  their  young,  and  sucks  the  juices  of  the  adult  Bark-lice,  when- 
eT«r  it  can  get  at  them. 

The  Hairy  Orange  MiTE.«~Probably  the  next  in  point  of  abund- 
ance is  a  larger  mite,  dark  red  in  color,  covered  with  pale  hairs,  broadly 
oval  in  form,  and  with  several  irregular  indentations  upon  the  back. 
This  mite  is  also  very  rapid  in  its  movements,  and  is  certainly  predatory 
upon  Scale-insects  or  their  eggs. 

The  eggs  are  sherry -brown  in  color,  quite  large  and  globular,  and  are 
usually  deposited  singly  upon  the  leaf  among  scales,  or  strung  like 
amber  beads  upon  strands  of  spider^s  web,  which  harbor  the  mites  and 
their  young. 

The  six- legged  young  are  spindle-shaped,  of  a  lighter,  ruby-red  color, 
the  extremities  pale,  and  have  an  eye-like  prominence  on  each  side  of 
the  anterior  body.    The  length  of  the  adult  is  0.3™°>  {riht  inch). 

The  Spear-head  Mitb.^ — Another  not  uncommon  Red  Mite  seems  to 
be  predatory  upon  Scale-insects.  It  is  rather  larger  than  the  preced- 
ing ;  dull,  opaque  red,  not  hairy ;  the  body  is  distinctly  diamond  or 
sjiear  shaped,  somewhat  flattened,  with  a  sharp  median  ridge  upon  the 
back,  having  on  each  side  a  longitudinal  depression ;  a  band  of  pale 
browD  is  sometimes  seen  across  the  middle  of  the  back.    Length,  0.35°*™ 

(rib  u^ch). 

This  species  is  sluggish  and  solitary.  The  eggs  are  deep  red,  globu- 
lar, and  are  deposited  singly  among  scales. 

There  are  numerous  species  of  Mites  found  about  and  among  Scale- 
insects,  of  which  a  few  only  appear  to  be  dependent  upon  them  for  their 
salisistence,  or  peculiar  to  the  orange  tree  and  its  kind.  Some  of  these 
mites  are  undoubtedly  merely  scavengers,  living  about,  if  not  upon,  the 
dirt  and  dSbris  that  collect  where  the  plant  is  fouled  with  Scale-insects, 
but  never  appearing  to  attack  the  insect  itself  in  any  stage.  Possibly 
they  feed  upon  the  excrement  or  excretions  of  other  insects,  or  upon 
molds  that  accompauy  such  ejected  matter. 

The  predatory  Mites  arc  usually  active,  running  hither  and  thither 
restlessly,  occasionally  stopping  to  examine  the  sealed  edge  of  a  scale 
or  to  pry  into  a  vacant  and  deserted  shell. 

The  young  of  Mites  frequently  differ  entirely  from  the  adults  in  form 
and  coloration;  they  have,  moreover,  but  three  pairs  of  legs,  while  the 
adults  have  four  pairs.  The  life-history  of  many  species  is  imperfectly 
known. 

The  Spotted  Mite.' — ^This  is  a  rather  large,  egg-shaped  or  pear- 
shaped  Mite,  with  a  very  plump,  smooth,  shining,  and  pellucid  body, 
either  white  or  honey-yellow  in  color,  and  provided  with  a  few  very 
long  and  fine  bristle-hairs ;  the  division  of  the  body  into  two  parts  is 
barely  indicated  by  a  fine  line;  in  adult  specimens  the  body  behind  is 
more  or  less  clouded  with  red-brown,  forming  sometimes  a  distinct  spot; 
a  large  round  spot  on  each  side,  upon  the  declivities  of  the  hind-body, 
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varies  iu  color  with  the  age  and  6oDdition  of  the  individaal,  from  salpbnr- 
yellow  to  brick-red  and  dull  brown.    Length,  0.38""*  (rH^  inch). 
The  Mite  is  slow  in  movement,  and  gregarious.    White,  elongate  eggs, 

and  the  six-legged  young  are  found  in  groups  of 
three  or  four  to  twenty  upon  scale-infested  orange 
leaves. 

While  this  Mite  may  with  some  probability  be 
considered  a  scavenger,  feeding  upon  dead  vege- 
table and  animal  matter,  it  is  almost  certain  that 
it  does  also  suck  the  eggs  of  Scale-insects,  with 
which  it  is  very  closely  associated. 

A  species  of  Ehizoglyphus  (?),^  similar  to  but 
distinct  from  the  preceding,  was  sent  by  Professor 
Com  stock  from  Florida.  It  was  found  iu  all  stagfes 
from  egg  to  adult'  on  orange  leaves  infested  with 
the  Long  Scale  and  the  Common  Mealy-bug.  Fig. 
Fig.  3».— Orange  iftte.  (Origi-  39  represents  the  mite,  after  a  drawing  by  Mr. 
°*^*^  Th.  Pergande;  the  following  are  his  notes  upon  the 

species:  "These  Mites  were  especially  numerous  around  the  Mealy-bugs, 
and  they  were  noticed  to  suck  and  destroy  the  eggs  of  that  insect ;  the 
eggs  of  the  Mite  were  deposited  between  the  egg-masses  of  the  Louse 
and  also  on  the  leaf  itself ;  the  eggs  are  white,  perfectly  oval;  the  Mites 

are  white,  almost  transparent,  the  full-grown 
ones  slightly  yellow,  with  one  or  sometimes 
three  pale  brownish  spots;  when  there  is  only 
one  spot  it  is  generally  situated  on  the  pos- 
terior portion  of 
the  abdomen,  but 
when  there  are 
three  spots  they 
are  arranged  as 
shown  in  the  fig- 
ure— the  front  one 
is  largest  and  the 
two  posterior 

and  rather  indis-tinct.    The  male  is  shorter 
and  stotiter  than  the  female." 

Associated  with   the  foregoing  is  a  Mite 
[Fig.  40]  with  a  more  flattened  form,  concerning  which  the  following 
notes  are  given,  with  the  figure  here  produced  :^^ 

"A  single  specimen  of  a  second  species  of  Mite  was  also  found  on  an 
orange  leaf  sent  by  Professor  Oomstock,  from  Sanford,  Fla.  This  Mite 
is  quite  different  from  the  preceding;  it  is  smaller,  more  yellow,  and 
there  are  small  and  very  distinct  eyes ;  the  legs,  especially  the  first  pair, 
are  quite  differently  formed.    It  is  not  as  hairy  and  not  as  slender  as  the 


Kid.  41.  — Tyroglifphus  utali, 
(A fur  Kilev.) 


MITES    WHICH   DESTROY   SCALE- INSECTS. 


85 


species.    This  Mite  also  evideotly  preys  either  on  the  Mytilaspis 
)  Dactylopins.'* 

ery  loDg-bodied  Mite,  without  spots,  is  foand  oecasionally  in  empty 
aspis  scales ;  it  has  the  same  habits  as  the-  Spotted  Mite.  This 
58  may  be  identical -with  Tyroglyphus  mains  Shimer,  which  preys 
the  Oyster-shell  Barklonse  of  the  Apple.  The  figures  of  the  lat- 
rom  Riley's  Fifth  Missouri  Eeport,  are  here  reproduced.  [Fig.  41.] 
B  Obbigulab  Mite. — This  is  the  largest  Mite  found  among  Scale- 
:» ;  it  is  neatly  circular,  or  slightly  oval,  in  outline ;  the  body  is 
and  somewhat  flattened,  covered  with  a  pol- 
^  homy  shell  of  brown  color,  surmounted  by 
fine  bristles.  The  shell  or  carapace  is  turned 
-  at  the  sides  and  ends,  so  that  the  short, 
legs  are  concealed  beneath  it  as  the  animal 
^  and  only  the  tip  of  the  head  and  beak  pro- 
t)eyond  the  front  margin.  Length,  about 
(rU^inch). 

s  is  an  active,  wandering  Mite,  undoubtedly 
»tory  npon  Scale-insects,  but  found  also  suck- 
le  eggs  of  many  other  insects.  Its  eggs  are 
ind  transformations  undergone,  under  loose  bark  and  in  crevices, 
i  the  early  forms  are  mingled  with  those  of  numerous  other  Mites, 
irhich  they  have  not  been  clearly  distinguished.* 
ariety  of  other  Mites  are  found  from  time  to  time  wandering  over 
infested  leaves  and  branches,  but  the  forms  above  indicated  are 
ed  to  include  those  most  closely  connected  with  orange  pests. 


Fig.  42. — Nothrtu  ovirortts. 
(After  Packard). 


8  may  be  the  Nothrus  ovivorus  of  Packard,  Fig.  42,  which  is  foand  sucking  the 
the  Canker-worm. 
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CHAPTER  VII. 

MEANS  OP  DEFENSE  AGAINST  SOALE-INSEOTS— BEMB 

DIES. 

INTBODUOTIOir  OF  SCALE-INSEOTS  ON  IMPOBTED  PLANTS. 

In  the  wide  range  of  insect  life  few  forms  possess  a  greater  vitality 
than  is  foand  among  the  Bark-lice,  and  none  are  more  readily  trans- 
ported upon  plants  from  place  to  place,  and  from  one  country  to  an- 
other. Whenever  orange  plants  are  imported  from  infested  districts, 
Scale-insects  will  be  brought  with  them,  and  their  introduction  and 
spread  in  regions  where  they  were  before  unknown  are  inevitable. 

Even  the  soft  and  unprotected  CoccinsB  sustain  without  injury  an  as- 
tonishing  amount  of  rough  handling,  and  exist  for  long  periods  of  time 
without  food  or  moisture. 

During  the  winter  of  1882-'83  living  specimens  of  the  Common  Mealy- 
bug {Dactylopius  adonidttm,  Linn.)  were  sent  to  the  writer,  through  the 
mails,  from  Italy  and  also  from  Morocco,  inclosed  with  a  few  orange 
leaves  in  common  letter  enveloi)es.  Although  the  orange  leaves  were 
entirely  dry,  and  some  of  theu  insects  were  crushed  between  their  sur- 
faces, many,  even  of  the  adults,  were  found  to  be  uninjured,  and  young 
lice  had  even  been  produced  in  transit. 

The  scale-covered  Diaspinse,  it  may  well  be  supposed,  are  even  better 
able  to  sustain  long  voyages  than  their  soft-bodied  relatives,  and  their 
eggs  are  not  affected  by  long-continued  drought,  nor  by  sudden  changes 
of  temperature. 

It  can  hardly  be  doubted  that  all  the  common  Bark-lice  found  upon 
the  Orange  in  Europe  have  been  many  times  imported  into  Florida  upon 
living  plants.  In  this  way,  in  the  year  1835,  it  is  supposed,  the  com- 
mon Long  Scale  {Mytilaspis  gloverii)  was  introduced,  first  at  Jackson- 
ville, and  subsequently  at  Saint  Augastine,  from  whence  it  spread  de- 
vastation over  all  the  groves  then  in  the  State. 

In  1855,  according  to  Glover,  a  new  scale,  probably  the  Chaff  Scale 
(Parlatoria  pergandii),  was  introduced  into  Florida  on  some  lemons  sent 
from  Bei*muda.  More  recently  a  new  and  very  destructive  scale  has 
made  its  appearance  at  Orlando,  in  Orange  County,  Florida,  and  is 
slowly  but  surely  spreading  to  other  parts  of  the  State.  This  is  the 
Bed  Scale  of  Florida  {AspidioUis  [Chrysomphalus]  ficus  Ash  mead).  It 
was  first  observed  in  a  grove  near  Orlando,  in  the  spring  of  1879,  upon 
a  Bour-orange  tree  brought  from  Havana,  Cuba,  in  1874.    Professor 
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GoiDStock  received  specimens  from  Havana,  and  learned  that  it  was  a 
reiy  common  i)est  in  the  public  gardens  of  that  city. 

In  California,  owing  to  the  very  direct  communication  with  China 
and  Japan,  and  frequent  importations  of  plants  from  these  countries, 
many  destructive  species  of  Bark-lice  have  been  introduced  upon  fruit 
and  shade  trees.  Some  of  these  are  the  most  serious  pests  of  their  kind  j 
many  have  a  wide  range  of  food-plants,  including  also  the  Orange,  and 
one  at  least,  the  Bed  Scale  of  California,  is  peculiar  to  citrus  plants. 
It  was  introduced  into  California  from  Australia.  Professor  Corn- 
stock  believes  this  to  be  the  most  destructive  species  known  to  in- 
fest citras  plants  in  this  country.  Its  introduction  into  Florida,  to- 
gether with  others  now  ravaging  the  groves  of  California,  is  greatly  to 
be  feared,  and  is  probably  only  a  question  of  time,  as  the  interchange 
of  plants  between  these  two  States  increases  annually. 

Not  only  plants  of  the  citrus  family,  but  many  other  trees  and  shrubs, 
and  notably  the  Olive,  may  cause  the  introduction  of  Scale- insects, 
some  of  which  have,  besides  the  Orange  and  its  kind,  a  great  variety 
of  food-plants. 

It  would  be  well  for  the  horticultural  interests  of  Florida  if  some 
system  of  inspection  of  imported  fruit-trees  could  be  adopted  and  vigor- 
ooaly  enforced  by  the  State.  This  would,  no  doubt,  be  difficult  of 
accomplishment,  and,  perhaps,  impracticable.  Individual  importers 
should,  however,  be  made  fully  aware  of  the  danger  which  exists  of  in- 
trodnciog  other  destroyers  more  serious  than  those  already  at  hand, 
and  shonld  be  on  their  guard.  Living  x)lants  received  from  foreign 
countries  ought  to  be  carefully  cleaned  upon  their  arrival,  and  all  in- 
sects foand  upon  them  destroyed. 

It  is  not  easy  to  estimate  the  extent  of  the  damage  that  would  be 
occasioned  should  any  of  the  Aspidiotus  scales  now  ravaging  the  groves 
aod  orchards  of  California  be  permitted  to  obtain  a  permanent  foothold 
in  Florida. 

PBEOAUTIONABY  JOSASURES. 

Infection  from  nursery  Stock, — What  has  been  said  as  to  the  danger  of 
introdacibg  exotic  Scale-insects  by  importations  from  abroad  will  apply 
as  well  to  the  spreading  of  domestic  species  by  the  exchange  and  sale  of 
oaniery  stock.  ^ 

It  most  be  acknowledged  that  many  of  the  leading  nurserymen  are 
fally  alive  to  the  necessity  of  establishing  and  maintaining  a  reputation 
for  painstaking  care,  and  rarely  send  out  infested  plants.  Others  exer- 
cise less  care  and  frequently  scatter  insect  pests  by  means  of  the  befouled 
plants  they  distribute. 

Close  planting  in  the  nursery  is  a  most  frequent  cause  ot  the  appear- 
ance of  Scale  insects  in  destructive  numbers.  You^g  orange  trees  are 
planted  a  few  inches  apart  in  rows,  and  are  often  left  for  years  in  close 
ranks,  with  their  branches  interlocking,  and  affording  easy  passage  for 
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the  migrating  young  of  Bark-lice,  so  that  if  they  effect  a  lodgment  upon 
any  plant,  the  entire  row,  and  even  the  whole  nursery,  is  quickly  over- 
run by  them. 

The  crowding  of  the  plants  prevents  free  and  vigorous  growth ;  they 
are  stunted,  and  for  want  of  nourishment,  as  well  as  lack  of  light  and 
air,  they  are  thrown  into  a  condition  in  which  they  are  particularly  liable 
to  the  attack  of  Scale  insect.    In  common  parlance,  "they  breed  scale.'^ 

In  the  existing  almost  universal  distribution  of  the  pest,  those  nurser- 
ies only  can  be  kept  from  becoming  foul  in  which  a  reasonable  amount 
of  space  is  allowed  to  each  plant  for  its  growth  and  cultivation.  At 
least  IS  inches  should  intervene  between  the  plants,  and  the  rows  shoold 
be  not  less  tlian  3  feet  apart.  Experience  teaches  that  it  is  easier  to 
keep  clean  and  uninfested  a  large,  well-ordered  nursery  than  it  is  to 
remove  the  Scale-insect  from  a  single  orange  tree  of  moderate  size  when 
once  the  pest  has  become  fully  established. 

No  part  of  the  grove  is  so  liable  to  suffer  neglect  as  the  nursery,  and 
it  is  unfortunately  a  very  common  practice  to  allow  seedling  plants  to 
grow  up  without  attention  in  neglected  comers,  and  frequently  to  become 
so  foul  with  scale  as  to  become  a  source  of  infection  to  the  groves  and 
nurseries  in  the  vicinity. 

To  this  neglect,  undoubtedly,  is  due  the  fact  that  the  advance  of  insect 
pests  ha3  fully  kept  pace  with  that  of  th^  orange  industry  in  the  recently 
occupied  districts,  both  in  Florida  and  California. 

Protection  afforded  by  Hedges  and  Forest  Trees. — It  is  a  serious  evil,  and 
one  as  yet  hardly  appreciated,  that  in  Florida,  in  removing  the  forest 
to  make  way  for  the  advancing  orange  groves,  every  tree  is  generally 
sacrifieed.  Kot  even  in  the  lanes  and  roadways  has  the  ax  spared  an 
occasional  pine  to  serve  as  a  wind-break  against  the  sweep  of  storms. 
In  many  districts,  once  well  clothed  with  timber,  the  naked  land  for  many 
miles  now  lies  exposed  to  the  destructive  force  of  gales,  which,  by  whip- 
ping and  thorniug  the  fruit,  will,  when  the  groves  begin  to  bear,  occasion 
severe  losses. 

The  pines  of  the  original  forest,  from  their  great  height,  serve  to  break 
the  force  of  upper  currents,  and  a  single  giant  tree  extends  its  protecting 
influence  over  a  wide  area.  If  cut,  the  loss  is  well-nigh  irreparable ;  many 
generations  must' elapse  before  its  place  can  be  satisfactorily  supplied 
by  the  lower  and  more  spreading  oaks  and  pines  of  second  growth.  But 
a  discussion  of  this  subject,  though  of  sufficient  importance  to  horticul- 
turists, would  be  out  of  place  in  the  present  treatise,  were  it  not  for  the 
great  value  of  wind-breaks  as  an  aid  in  isolating  and  preventing  the 
spread  of  Scale- insects  and  other  pests  of  fruit-trees. 

From  the  time  of  their  first  appearance  it  has  been  remarked  that 
Scale  insects  spread  most  rapidly  in  the  direction  of  prevailing  winds. 
This  phenomenon  i^uow  known  to  be  due  to  the  influence  of  the  wind 
in  guiding  the  flight  of  other  insects  which  transport  the  minute,  crawl- 
ing young  of  Bark-lice  upon  their  bodies. 
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The  feet  and  tail-feathers  of  birds  are  also  invaded  by  the  crawling 
lice,  which  are  thus  borne  with  them  hi  their  flights  to  be  scattered  over 
new  plantations.* 

The  leaves  and  branches  of  shrubs  and  trees  standing  to  the  windward 
of  a  grove  protect  it  by  receiving  these  pest-laden  visitors,  and  detain- 
ing them  long  enough  to  relieve  them  of  the  scale-larvae  they  bear  upon 
their  bodies. 

It  is,  therefore,  a  great  protection  to  leave  narrow  belt's  of  timber  be- 
tween adjoining  groves,  allowing  the  undergrowth  to  spring  up  and  form 
A  natural  screen,  or  else  to  replace  this  with  cultivated  plants.  Fences 
may  usefully  be  replaced  by  thorny  hedges,  which  will  aid  in  maintain- 
ing an  effective  quarantine  against  invasions  of  Scale-insect  and  other 
minute  pests.  * 

To  be  of  value  the  screen  or  hedge  should,  of  course,  be  composed  of 
mch  plants  as  are  not  themselves  subject  to  the  attacks  of  orange  insects ; 
>therwise  it  may  first  become  infested  and  afterward  prove  a  source  of 
langer,  in  place  of  a  safeguard.  For  example,  the  Oleander  is  not  desir- 
ible  in  the  neighborhood  of  orange  trees,  because  of  its  liability  to  the 
ittacks  of  certain  soft  Scale-insects  (Lecanium,)  On  the  other  hand, 
>inea,  cedars,  and  other  coniferous  plants,  having  very  few  insect  ene- 
nies  in  common  with  other  plants,  are  absolutely  safe,  and  are  also 
idmirably  adapted  to  form  wind-breaks. 

CLEANLINESS. 

Beneficial  action  of  Light — It  is  with  plants  as  with  animals,  a  rule  to 
[)e  borne  in  mind  that  foulness  breeds  vermin.  The  growing  bark  as 
well  as  the  leaves  has  its  pores  and  its  respiratory  functions,  for  the 
l>roper  performance  of  which  it  needs  exposure  to  light  and  air.  From 
the  lack  of  these  conditions  for  healthful  growth,  the  inside  branches 
>f  orange  trees  dwindle  and  lose  vitality,  becoming  breeders  of  Scale- 
insects,  which  thrive  best  when  the  plant  has  lost  its  vigor. 

Pruning  and  opening  Tops  to  Light  and  Air, — Upon  trees  of  consider- 
able size  and  which  have  formed  dense  heads.  Bark-lice  usually  make  a 
<tart  upon  the  devitalized  inside  branches,  and  from  thence  they  may 
<pread  over  a  portion  or  the  whole  of  the  tops. 

It  may  be  doubted  if  any  bearing  orange  tree  entirely  free  from  scale 
[•an  be  found  in  Florida.  Somewhere  under  the  canopy  of  leaves  there 
will  always  be  a  twig  or  stifled  branch  upon  which  the  enemy  lurks  in 
itonceairoent,  latent,  but  ever  present,  and  waiting  for  favorable  condi- 
tions to  swarm  forth  in  destructive  numbers  and  possess  the  tree.  The 
i^reful  cultivator  needs  not  to  be  warned  of  this  source  of  danger,  and 
will  not  allow  dead  and  dying  branches  to  remain  and  accumulate  until 
they  become  a  menace  to  the  health  of  the  tree  and  breeders  of  insect 
liests.  He  will  frequently  examine  his  bearing  tr^s,  and  at  least  once 
each  year  remove  the  unfruitful  and  devitalized  inside  growth  from  their 
tops. 
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Clearing  off  Webs. — Young  trees,  while  they  require  less  pruningtban 
the  old,  will  well  repay  the  time  and  care  that  may  be  expended  in 
keeping  them  free  from  entangling  moss  and  from  the  webs  of  iusoctS' 
These  not  only  befoul  and  injure  the  trees,  but  directly  foster  Scale- 
insects  by  sheltering  and  protecting  them  from  the  attacks  of  man3' 
very  active  enemies  and  parasites.  Tlie  webs  and  lairs  of  spiders  iu 
particular  may  be  regarded  with  suspicion,  and  will  very  frequently  be 
found  to  harbor  the  foe  wlii'n  it  can  be  found  nowhere  else. 

Scrubbing  the  TrimA;*.-^ Accumulations  of  Scale-insect,  living  or  dead, 
as  well  as  of  lichens  and  other  fungi,  apon  their  trunks  affect  most  in- 
juriously the  health  of  trees,  and  their  removal  from  the  bark  always 
causes  a  marked  improvement  iu  condition.    The  incrustations  upon 
orange  trees  formed  by  Chaff  Scale  are  particularly  hurtful.    This  spe- 
cies continues  to  accumulate  for  many  generations,  piling  its  scales  over 
each  other  as  long  as  it  is  possible  for  the  young  to  find  a  crevice  througb 
which  to  insert  their  sucking  beaks.     There  results  a  dense  crust, 
which  remains  for  years,  and  becomes  still  further  consolidated  and 
converted  into  a  tough,  fibrous  coating  by  the  threads  of  the  peculiar 
fungus,  which,  as  has  already  been  mentioned,  feeds  upon  the  dSbris  of 
this  Bark-louse. 

To  partially  cleanse  the  trunks  of  orange  trees,  without  entirely  de- 
stroying the  life  that  always  remains  in  scale-crusts,  no  matter  of  how 
long  standing,  is  to  expose  the  plant  to  fresh  incursions  of  Scale-insects 
by  clearing  away  the  obstructions  to  their  spread.  Therefore  it  is  im- 
portant not  only  that  the  clearing  should  not  be  neglected,  but  that, 
when  undertaken,  the  work  should  be  thorougly  done. 

For  scrubbing  the  trunks  properly  a  brush  stiff  enough  to  remove  the 
scales  is  required,  and  to  insure  the  destruction  of  B,uy  insects  or  eggs 
that  may  escape,  hidden  in  unseen  crevices,  it  should  be  dipped  iu 
cleansing  liquids,  such  as  th^  dilute  kerosene  and  soap  emulsions  recom- 
mended in  the  following  pages  for  spraying  the  trees,  or  very  strong 
solutions  of  lye  may  be  used,  and  will  be  more  effectual  in  destroying 
fungi  than  the  kerosene  washes.  Solutions  of  whale-oil  soaps  are  very 
commonly  egiployed  and  with  good  effect  5  but  if  the  solutions  are  thick 
and  strpng,  as  indeed  they  need  to  be  in  order  to  kill  the  insects,  the 
trunks  should  be  rubbed  down  before  they  dry  with  clear  water,  to  re- 
move the  film  of  soap,  for  this,  if  allowed  to  remain,  has  a  tendency  to 
harden  the  bark  by  clogging  its  pores. 

Palmetto  Brushes, —  A  better  implement  th^n  the  common  domestic 
scrubbing  brush,  usually  employed  in  cleaning  tree-trunks,  may  be 
made  in  a  few  moments  out  of  a  bit  of  saw-palmetto  root  (root-stalk)  by 
pounding  the  ends  until  the  fibers  separate  and  form  a  brush.  For  the 
removal  of  scales  and  dead  bark  nothing  better  than  this  rude  brush 
can  be  devised.  In^Florida  the  material  is  always  at  hand  and  costs 
nothing.  In  use  the  palmetto  brush  wears  away  slowly,  but  never 
wears  out  so  long  as  any  portion  of  it  remains. 
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POPULAB  METHODS  AND  REMEDIES. 

Ming  back  infested  Trees. — The  utter  inadequacy  of  nearly  all  the 
washes  hitherto  used  has  led  many  fruit-growers  to  despair  of  obtain- 
ing permanent  benefit  from  the  application  of  remedies,  and  a  common 
practice  has  been  to  cut  back  badly  Infested  trees,  leaving  only  the 
main  trunks,  or  in  the  case  of  well-grown  trees,  a  portion  of  the  main 
bmnches,  and  to  scrub  thoroughly  every  part  of  these  with  solutions  of 
soap  or  lye,  using  a  stiff  brush,  and  as  far  as  possible  removing  every 
scale.    This,  however,  involves  great  care  and  considerable  labor,  and 
tlie  complete  extermination  of  the  pest  is  rarely  accomplished  in  this 
Viiy.    The  loss  of  branches  is  indeed  replaced  with  extraordinary  rapid- 
ity,  bar.  the  Scale-insects  reappear  as  if  by  magic,  and  in  one  or  two 
rears  become  as  bad  as  before. 

Fumigating, — Various  plans  have  been  proposed  for  destroying  Scale- 
osects  with  pungent  vapors  of  various  kinds.  The  difficulties  in  the 
ray  of  applying  vapors  to  trees  growing  in  the  open  air  are  very  great, 
nd  appear  to  have  been  overlooked  by  the  advocates  of  this  method, 
obaeco  smoke  has  been  very  frequently  tried  in  inclosed  greenhouses, 
ut  although  it  will  destroy  Plant-lice  (Aphis),  it  is  found  to  have  no 
ffeet  uj)on  Scale- in  sects,  which  are  far  too  well  i^rotected  by  their  tightly 
ealed  scales  to  be  reached  by  vapors,  except  those  of  a  corrosive  na- 
ure* 
Sulphur  has  been  recommended,  evidently  on  theoretical  grounds 
uly,  as  its  fumes  are  not  less  destructive  to  vegetable  than  to  animal 
ife.  The  chlorophyl  of  the  leaves  and  plants  is  bleached  and  the  life 
f  a  plant  destroyed  by  a  short  exposure  to  any  gas  containing  sulphur. 
Lctnal  trial  of  fumigation  upon  the  Orange  was  made  by  covering  a 
oung  and  vigorous  plant  with  a  barrel  and  exposing  it  for  ten  minutes 
0  the  fumes  produced  by  burning  one  ounce  weight  of  sulphur.  The 
?aves  were  completely  bleached  and  the  plant  killed.  The  Scale-insects 
ipon  it  (Long  Scale)  were  uninjured  by  the  sulphur  vapor,  and  survived 
Dtil  the  bark  became  entirely  dead  and  dry,  perishing  finally  from 
rant  of  food  and  moisture. 

Applications  to  the  Boots. — ^Ko  results  of  any  value  have  been  attained 
»y  attempts  to  kill  Scale-insects  through  the  juices  of  the  plant  by 
laking  applications  to  the  soil  with  the  expectation  that  they  will  be 
aken  up  by  the  roots.  Many  nostrums  are  advertised  and  sold  slb 
nsecticides,  which  it  is  claimed  act  in  this  way.  There  are  also  in  the 
aarket  not  a  few  combined  fertilizers  and  insect-exterminators,  so- 
alled,  to  which  is  assigned  a  double  action,  beneficial  in  the  co.se  of  the 
>lant,  but  deadly  to  the  insect  life  which  it-supports.  These  claims  are 
^<ed  upon  the  assumed  power  of  the  plant  to  appropriate  and  mingle 
rith  its  juices  unchanged  the  substances  which  have  insecticide  prop- 
rties — an  assumption  wholly  at  variance  with  the  known  laws  of  vege- 
abie  physiology.    In  fact  an  insecticide,  if  it  could  be  introduced  into 
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the  circulation  through  the  roots  of  the  plant,  would  be  far  more  likely 
to  injure  the  plant  itself  than  the  Bark-lice  upon  it. 

Inoculating  with  Poisons, — For  the  same  reason  it  has  been  found  im- 
possible to  reach  and  destroy  insect  pests  by  inoculating  the  bark  or 
wood  of  the  trunk  or  branches. 

The  attempt  has  usually  been  made  by  boring  into  the  trunk  of  tbe 
tree,  introducing  the  article  to  be  tested,  and  tightly  closing  the  hole 
with  a  plug.  Numerous  experiments  of  this  sort  are  recorded.  Of  tbe 
long  list  of  substances  which  have  been  thus  tried,  and  which  includes 
many  mineral  and  vegetable  poisons,  as  well  as  sulphur  and  other  sab- 
stances  possessing  insecticide  properties,  none  have  proved  effective. 

Popular  Fallacies, — There  is  a  widespread  and  apparently  well-founded 
opinion  that  vigorous  trees  are  in  little  danger  from  attacks  of  Scale- 
insects,  but  if  from  any  cause  a  tree  becomes  enfeebled,  its  investment 
is  only  a  question  of  time.  Many  persons  therefore  reject  the  aid  ot 
insecticides,  and  when  a  tree  iJecomes  infested,  rely  upon  a  liberal  use 
of  fertilizers  to  restore  its  lost  vitality  and  force  it  into  vigorous  growth, 
believing  that  in  this  way  it  will  rid  itself  of  the  pest.  It  cannot  be  de- 
nied that  this  course  of  treatment  is  often  successful,  at  least  for  a  time, 
but  the  Scale-insect  is  never  entirely  eradicated,  and  its  return  at  some 
future  time  may  be  expected.  Indeed,  overstimulation  by  means  of 
fertilizers  is  apt  to  defeat  its  object,  and  reaction  follows  in  unfavorable 
seasons. 

In  fighting  Scale  with  fertilizers,  therefore,  success  may  be  said  to 
depend  upon  conditions  unknown  or  beyond  our  control.  When  these 
are  favorable,  the  system  may  be  found  to  work  well;  otherwise  failure 
is  inevitable,  and  by  adhering  to  it  valuable  time  will  be  lost,  ^d  the 
pest  will  perhaps  be  allowed  to  spread  until  it  can  with  difficulty  be 
controlled. 

EFFECTIVE  REMEDIES. 

Kerosene, — This  is  without  doubt  the  most  efi'ective  insecticide  for  use 
against  Scale-insects,  and  it  is  almost  the  only  substance  known  which 
will  with  certainty  kill  their  eggs  without  at  the  same  time  destroying 
the  plant.  The  difficulty  of  diluting  it,  and  the  danger  to  the  plant  of 
applying  it  undiluted,  have  long  prevented  its  extensive  use.  Easy 
methods  of  emulsifying  the  oil  and  rendering  it  miscible  with  water  are 
now  known,  and  have  recently  been  set  forth  by  Professor  Eiley  in  his 
official  reports. 

Milk  and  Kerosene  Emulsions, — The  method  of  emulsifying  kerosene 
with  milk,  as  given  in  a  preliminary  report  on  Scale-insects  in  the  Ee- 
port  of  the  Commissioner  for  the  years  1881  and  1882,  remains  the 
best  and  simplest,  where  milk  can  be  easily  and  cheaply  obtained. 
The  milk  should  first  be  heated  nearly  to  the  boiling  point,  and  then 
mixed  with  kerosene  in  the  proportions  one  part  of  milk  to  two  parts 
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roseoe.  The  mixture  requires  to  be  very  violeutly  chunied  for  a 
',  rarjing  with  the  temperature,  from  five  or  teo  minutes  to  half 
ir.  If  the  mixture  is  quite  hot  the  etunlaion  ia  very  easily  nnd 
Y  formed.  It  is  quite  thin  while  warm,  but  thickeua  ou  cooling. 
I,  the  process  is  delayed,  but  after  contiuued  agitatiou  the  enml- 
HIS  suddenly,  as  in  butter  making,  and  becomes  at  ouce  an  ivory- 
rtistening  paste,  or  jelly. 

onu  a  perfectly  stable  emulsion  more  violeut  agitation  is  re- 
thau  can  bo  effected  by  hand  stirring,  or  by  dashing  in  an  ordi- 
hurn.  The  particles  of  oil  and  milk  are  more  readily  driven 
ion  by  passing  the  mixture  through  the  spray -nozzle  of  a  force- 

iquapult  pump  (Fig.  43),  which  is  also  one  of  the  most  effective  in- 
nts  for  (rpraying  trees,  may 
ifactoriiy  used  for  this  pur- 
The  pump  is  inserted  iu  a 

tub  coutaining  the  mix- 
nd  this  is  pumped  back 
e  same  receptacle  through 
:ibte  hose  and  spray-nozzle 
the  emulsioQ  is  formed, 
i  to  5  gallons  of  emulsioo 
)  churned  at  one  time  by 
of  the  ordinary  hand  form 

pnmp.     For  larger  qnan- 

larger  pump  or  some  form 
ggist's  chura  will  be   re- 

emulsioD,  if  well  made,  is 
lent,  provided  it  is  not  ex- 
to  the  air,  which  eaiisfs  in 

partial  si'paratiou  of  the 
'lie  union  of  the  ingredi- 
)  parely  mechanical,  and 
rsence  of  the  kerosene  does  y,g  «  _The  »qnapQit 

event  the  fermentation  of 

Ik,  which  will  Iwcome  sour  and  curdle  without,  however,  se.pa^a^ 
m  the  oil. 

fresh  milk  may  be  substituted  an  equivalent  of  coudensed  milk 
ater,  or  of  sour  milk.     If  sour  milk  is  used  no  subsequent  curd- 

the  emalsioa  takes  place,  and  it  is  therefore  pi-eferable  to  sweet 

milk  emnlsions  maybe  dUuted  iu  water  to  any  extent,  and  i! 
-qoire  to  be  thinne*!  at  first  with  a  small  quantity  of  water. 
at  of  emulsion  to  nine  or  ten  part^i  of  water  will  be  found  to 
ji  eflfective  wash. 
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Soap  and  Kerosene  JEmuUions, — The  difficaltj  of  obtaining  fresh  milk 
in  Florida,  and  tbe  cost  of  condensed  milk,  have  made  a  cheaper  substl- 
tnte  desirable.    This  is  found  in  a  solution  of  soap,  which  forms  witb 
kerosene  an  equally  good  emulsion.    The  quantity  of  soap  used  in  so- 
lution need  not  exceed  one-quarter  of  a  pound  to  one  gallon  of  water, 
but  stronger  soap  solutions  are  required  to  form  a  permanent  emulsion  - 
The  percentage  of  kerosene  may  also  be  varied  greatly.    But  emulsion** 
containing  over  80  per  cent,  of  the  oil  have  too  light  a  specific  gravitjr 
and  are  not  readily  held  in  suspension  in  water.    On  the  other  hand,  irt 
the  process  of  emulsification,  kerosene  loses  a  portion  of  its  value  as  an 
insecticide,  and  emulsions  containing  less  than  30  per  cent,  of  tbe  oil, 
although  they  do  not  at  all,  or  only  very  slowly,  rise  to  the  surface  when 
diluted  with  considerable  quantities  of  water,  are  nevertheless  too  much 
weakened  for  effective  use  against  Scale-insects. 

The  following  formula  is  considered  the  best  for  general  use.  It 
gives  a  wash  of  sufScient  strength  to  kill  the  eggs  of  those  species  of 
Scale-insect  which  are  commonly  found  in  Florida,  although  in  dealing 
with  some  of  the  Aspidiotus  scales  a  somewhat  stronger  emulsion  may 
be  required. 

FOBMULA : 

Kerosene 2  gallons=67  per  cent 

Common  soap  or  whale-oil  soap  .  i  pound  t  ^oq  ^^j.  «^«4. 
Water 1  gallon  i  "" 

Heat  the  solution  of  soap  and  add  it  boiling  hot  to  the  kerosene. 
Churn  the  mixture  by  means  of  a  force-pump  and  spray-nozzle  for  five 
or  ten  minutes.  The  emulsion,  if  perfect,  forms  a  cream,  which  thick- 
ens on  cooling,  and  should  adhere  without  oiliness  to  the  surface  of 
glass.  Dilute  before  using,  1  part  of  the  emulsion  with  9  parts  of  cold 
water.  The  above  formula  gives  3  gallons  of  emulsion  and  makes  when 
diluted  30  gallons  of  wash. 

Necessary  precautions  in  the  use  of  Kerosene, — A  reckless  use  of  any 
penetrating  oil  upon  plants  cannot  fail  to  x^rove  detrimental.  Kero- 
sene is,  however,  much  less  injurious  than  the  lighter  oils,  naphtha, 
benzine,  &c.,  with  which,  in  a  crude  state,  it  is  associated.  The  refined 
oil,  such  as  is  commonly  used  for  illuminating  purposes,  is  safer,  and 
should  always  be  used  in  preference  to  the  lower  grades,  which  contain 
a  large  admixture  of  other  oils  exceedingly  deadly  to  vegetation. 

Effect  of  Kerosene  up-m  the  Oravge, — Although  the  action  of  kerosene 
proves  more  injurious  to  some  plants  than  to  others,  a  healthy  orange 
tree  is  but  slightly  affected  by  it,  and  will  even  support  without  serious 
injury'  applications  of  the  undiluted  oil  if  judiciously  made,  i.  c,  applied 
in  fine  spray  and  avoiding  exposure  of  the  plant  to  hot  sunshine  or  to 
frost  before  the  oil  has  evaporated.  Unhealthy  trees  and  trees  suf- 
fering from  the  attacks  of  Scale-insects  receive  a  shock  more  or  less 
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levere,  according  as  their  vitality  is  more  or  less  impaired.  Young, 
tender  shoots,  Jbndding  leaves  and  blossoms,  are  not  much  affected  by 
kerosene,  and  may  even  be  dipped  in  the  pure  oil  with  impunity. 

The  heat  of  the  sun  increases  to  an  injurious  extent  the  action  of 
kerosene,  and  applications  of  very  strong  solutions  or  undihited  kero- 
sene, if  used  at  all,  should  be  made  on  cloudy  days  or  at  evening. 

Milk  or  soap  emulsions  containing  60  or  70  per  cent,  of  oil  and  diluted 
with  water  ten  times  are  more  nearly  harmless  to  the  Orange  than  iiuy 
other  insecticide  capable  of  killing  the  Scale-insect.     Nevertheless  the 
plant  receives  a  shock,  imperceptible  when  the  tree  is  in  good  condition, 
bat  sufficiently  severe  when  it  is  infested  and  injured  by  Scale  to  cause 
the  loss  of  the  old,  devitalized  leaves.    Complete  defoliation  and  the 
death  of  moribund  twigs  and  branches  may  be  expected  to  occur  in  ex- 
treme cases.    The  shock  is  invariably  followed  by  a  reaction,  and  in  ten 
fourteen  days  new  growth  appears.    This  growth  is  healthy  and  nat 
oral,  and  if  the  application  has  been  sufficiently  thorough  to  destroy 
the  Scale-insect,  results  in  permanent  benefit. 

EnoQgh  has  been  said  to  show  that  kerosene  is  a  powerful  remedy, 
perfectly  effective  and  safe  if  used  in  moderation,  but  hurtful  in  strong 
doses;  that  its  use  undiluted  is  attended  with  danger,  is  entirel^^  un 
necessary,  and  cannot  be  recommended.  In  Appendix  II  will  be  found 
an  examination  of  results  obtained  in  experimental  applications  of  kero- 
sene, together  with  other  insecticides,  arranged  in  tabular  form  for  con- 
venience of  comparison. 

The  most  favorable  season  for  applying  kerosene  washes  is  undoubt 
edly  early  spring  or  as  soon  as  all  danger  of  frost  is  past.  The  shed- 
ding of  the  last  year's  leaves,  which  takes  place  naturally  after  the 
orange  tree  has  renewed  its  foliage  in  spring,  is  often  accelerated  by 
the  action  of  the  oil,  which  is  thus  made  to  appear  very  severe.  But  the 
lofts  of  old  and  devitalized  leaves  is  of  slight  consequence,  and  in  the 
case  of  badly  infested  trees  is  a  positive  advantage,  as  the  leaves  in  fall- 
ing carry  with  them  the  scales  most  difficult  to  reach  with  insecticides. 
Whale-oil  Soap. — This  has  long  been  considered  one  of  the  best  insecti- 
cides known,  and  is  extensivel}'  used  as  a  remedy  for  Bark-lice.  P]x 
l>eriroents  show  that  very  strong  solutions  kill  the  Goccids  but  have 
little  or  no  effect  upon  their  eggs.  Solutions  of  one  pound  of  the  soap 
to  three  gallons  of  water  failed  to  kill  the  adult  Bark-lice  or  their  egg^, 
and  did  not  destroy  all  the  young.  The  strongest  solution  used,  one 
pound  of  the  soap  to  one  gallon  of  water,  killed  all  the  Goccids  and  few 
or  none  of  the  eggs. 

This  solution  solidifies  on  cooling,  and  must,  therefore,  be  applied 
hot.  The  effect  upon  the  trees  is  about  equal  to  that  of  effective  kero- 
sene emulsions;  badly  infested  trees  are  somewhat  defoliated,  but  new 
growth  and  vigorous  trees  are  not  appreciably  affected.  As  the  eggs 
are  not  killed,  several  applications  at  intervals  of  four  to  six  weeks  will 
be  required  to  clear  a  tree  of  scale.    (See  Appendix  II,  table  2.) 
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*  Wliale-oil  soap  is  sold  iu  Eastern  Florida  at  10  to  12  cents  per  pound. 
The  cost  of  an  effective  wash  is  therefore  mach  greater  than  emalsioiw 
of  kerosene.  For  scrubbing  and  cleansing  the  trunks  of  orange  trees 
this  soap  may  be  recommended.  A  solution  of  1  pound  to  4  gallous 
will  probably  be  sufficiently  strong  for  this  purpose. 

Potash  and  Soda  Lye. — These  substances  have  been  recommended  as 
remedies  for  Scale-insect  in  California.    According  to  reports  promul 
gated  by  the  State  Horticultural  Commission,  solutions  as  strong  a^  U 
lK)uuds  to  the  gallon  of  water  are  deemed  necessary  to  extermiuate  the 
pest,  and  are  said  to  have  beeu  used  with  good  results  upon  Pea«b, 
Pear,  and  other  deciduous  fruit-trees.    Although  these  caustic  solu 
tions  burn  and  partially  destroy  the  bark,  it  is  said  to  be  soon  restored, 
and  no  loss  of  fruit  results  if  applied  in  winter  while  the  trees  are  dor 
mant. 

Experiments  made  in  Florida  upon  the  Orange  with  caustic  soda  and 
potash  lyes  show  that  solutions  of  1  pound  to  2,  2 J,  and  3  gallous 
were  of  little  or  no  practical  benefit  as  regards  the  extermination  of 
Scale-insects,  while  the  effect  upon  the  trees  was  more  severe  than  with 
applications  of  pure  kerosene.  Unlike  kerosene,  lye  is  injurious  to  the 
tender  portions  of  the  plant,  and  new  growth  is  destroyed  at  once  by 
strong  solutions.  Solutions  of  1  pound  to  the  gallon  severely  cauterize 
the  leaves  and  tender  bark,  and  kill  back  the  smaller  branches,  but  fail 
to  destroy  all  the  Bark-lice,  and  have  hardly  an  appreciable  effect  u|>on 
their  eggs.     (See  Appendix  II,  table  3.) 

Concentrated  potash  is  somewhat  stronger  than  soda  lye,  but  the  re 
suits  attained  with  it  are  also  unsatisfactx)ry.  In  the  strongest  apph 
cations,  made  with  a  solution  of  two  pounds  of  potash  to  one  gallon  of 
water,  the  trees  were  burned  as  by  fire,  the  leaves  were  charred  with- 
out falling  from  the  branches,  all  the  growth  under  two  years  old  wns 
destroyed,  and  the  main  trunks  alone  remained  alive.  The  Scale-insect.s 
perished  with  the  cauterized  bark  and  foliage ;  nevertheless,  a  very 
large  percentage  of  their  eggs  escaped  destruction,  and  continued  to 
hatch.  A  few  days  later  the  young  were  seen  in  abundance,  crawling 
over  the  blackened  trunk  and  branches.  It  is  probable  that  they  all 
l>erished,  however,  through  inability  to  penetrate  the  cicatrized  bark 
with  their  sucking  beaks.  The  trees  thus  treated  survive*!,  indeed,  but 
in  a  mutilated  condition  and  with  an  entire  loss  of  symmetry  in  their 
tops. 

It  would  appear  from  careful  experiments  and  observations  with  both 
soda  and  potash  lyes,  that  these  substances  are  inferior  to  kerosene  in 
killing  power  as  regards  Scale-insects,  and  far  more  injurious  to  tbe 
tree  when  used  in  solutions  strong  enough  to  be  effective  as  insecti- 
cides. Weaker  solutions  are,  however,  extremely  useful  in  cleansing 
the  trunks  of  orange  trees  with  the  scrubbing  brush.  For  this  purpose 
they  are  superior  to  solutions  of  soap,  and  have  an  advantage  over  di- 


ry  carefully  mixed,  in  order  that  no  globules  of  free  oil  may  be 
jd  to  come  in  uuntact  with  tbe  bark  of  the  tree, 
actioD  npoii  the  Scale-insect  ia  even  more  powerful  than  kerosene, 
.  does  not  destroy  as  large  a  percentage  of  tbe  eggs.  The  eQect 
the  Coccids  i»  not  immediate,  as  in  tbe  case  of  other  insecticides, 
ir  three  or  foar  days  after  an  application  very  few  of  the  insects 
A.t  the  end  of  a  week,  however,  the  Bark-lice  are  found  to  be 
^  and  continue  to  perisb  in  increasing  numbers  for  a  week  longer, 
after  tbe  lapse  of  three  weeks  tbe  destructive  action  of  tbe  oil  is 
[>preciable.  These  facts  lead  one  to  suspect  that  the  insects  are 
,  in  part  at  least,  by  the  poi^niiig  of  the  sap  upon  which  they  feed. 

visible  effect  upon  the  plant  appears  to  confirm  this  view.  Leaves 
Dfested  trees  begin  to  drop  aft^r  four  or  five  days,  and  the  defolia- 
•acbes  a  maximum  during  the  second  week.  Ak  is  the  case  with 
me,  the  effect  upon  tbe  tree  depends  upon  its  condition  at  tbe 
f  application;  but  carbolic  acid  is  more  severe  in  its  action,  and 
is  greater  loss  of  leaves  and  infested  bmaebes.  With  care,  bow- 
lu  application  may  be  made  sulBciently  strong  to  exterminate  the 
rithoat  serious  injury  to  the  plant,  and,  as  new  or  vigorous  growth 
f  sUghtly  afi'ected,  rccoverj'  is  rapid. 

following  solution  of  crude  carbolic  acid  will  be  found  nearly  if 
lite  aa  effective  as  a  64  per  cent,  kerosene  emulsion,  and  may  be 
<i  without  danger  to  omngo  trees.     Dilute  Iho  carbolic  acid  with 

iu  volume  of  soap  solution  (2  ounces  comnion  soap  to  t  pint  hot 
|.     Mix  thoroughly  until  all  the  oil  is  dissolved.    Add,  before 

to  one  i>art  of  the  above  solution  twenty  parts  water,  and  apply 
ine  spray  as  possible. 

most  effective  method  of  using  oil  of  creosote  is  to  saponify  it 


98  INSECTS   AFFECTING   THE   ORANGE. 

Sulphurated  lime.* — A  combiDation  of  lime  aud  sulphur,  isade 
by  boiling  the  sabliniate  (flowers)  of  sulphar  in  milk  of  lime,  is  some- 
times recommended  as  a  <<  cure-all"  for  application  to  orange  trees. 
The  preparation  contains  a  mixture  of  sulphides  and  sulphates  of  lime, 
together  with  varying  quantities  of  the  uncombined  ingredients.  By 
continued  boiling  the  action  of  the  sulphur  is  rendered  more  complete^ 
and  if  an  excess  of  lime  is  present  the  mixture  becomes  highly  caustic, 
eating  the  skin  from  the  hands  and  destroying  the  tender  leaves  and 
bark  of  plants.  Its  preparation  is  rendered  unpleasant  and  even  dan 
gerous  because  of  the  sulphurous  fumes  that  are  given  off. 

One  part  sublimated  sulphur,  two  parts  lime,  and  ten  parts  water, 
boiled  together  half  to  three-quarters  of  an  hour  give  the  best  results. 
After  standing  a  short  time  the  uncombined  lime  settles  to  the  bottom, 
leaving  a  clear  yellowish  liquid,  which,  according  to  the  United  States 
Dispensatory,  is  ^'an  impure  a'queous  solution  of  sulphide  of  calcium, 
necessarily  containing  hyposulphite  of  calcium." 

Under  varying  conditions  higher  combinations  are  formed,  and  the 
chemical  reactions  are  exceedingly  complicated.^^  A  large  percentage 
of  the  yellowish -green  mass  consists  of  insoluble  and  inert  sulphides, 
but  with  these  are  mingjed  other  compounds  of  lime  and  sulphur,  which 
give  off  sulphureted  hydrogen  gas  (hydro- sulphuric  acid),  aud  are  grad- 
ually altered  by  exjwsure  to  the  air.  When,  therefore,  the  mixture  is 
allowed  to  stand  in  open  barrels,  the  sulphur  compounds  part  with  their 
active  gases,  and  at  length  only  the  caustic  action  of  the  lime  remains. 

Use  in  the  Orange  Orove, — As  an  insecticide  sulphurated  lime  has 
nearly  the  same  value  as  potash  or  soda  lye,  and  in  like  manner,  by  its 
caustic  action,  it  kills  the  Bark-lice,  but  does  not  destroy  their  eggs, 
unless  it  is  applied  strong  enough  to  injure  the  bark. 

Its  action  upon  the  plant  resembles  very  closely  that  of  potash  aud 
other  caustics,  which  are  more  injurious  to  the  young  growth  than  to 
the  older  and  less  vital  parts  of  the  tree. 

The  imperfect  mixture  formed  by  adding  sulphur  to  lime  in  the  act  of 
slaking  is  deficient  in  strength,  and  has  little  value  as  an  insecticide. 

Sulphurated  lime  may  prove  useful  to  orange-growers  as  a  destroyer 
of  fungi,  and  it  is  advocated  as  a  remedy  for  foot- rot  or  other  diseases 
of  a  similar  nature.  But  these  claims,  it  is  proper  to  state,  have  not  as 
yet  been  substantiated  by  sufficient  evidence. 

*  The  tenn  "  sulphnratecl  lime  "  is  here  used  as  a  conTenience,  and  is  made  to  iDolode 
the  various  componnds  formed  by  the  action  of  hot  water  on  lime  and  snlphnir.  In 
strictness,  the  monosalphide  (Ca  S.)  is  not  formed  by  the  wet  process  here  given.  It 
is  thns  described : 

"Snlphnrated  Lime  is  a  grayish- whit<e|  or  yeUowish- white,  powder,  gradnaUy 
altered  by  exposare  to  air,  exhaling  a  faint  odor  of  hydrosnlphnric  add,  having  an 
offensive,  alkaline  taste,  aud  an  alkaline  reaction.  Very  slightly  soluble  in  water 
and  insoluble  in  alcohol.  On  dissolving  Snlphnrated  Lime  with  the  aid  of  acetic 
acid,  hydrosnlphnric  acid  is  abundantly  given  off,  and  a  white  precipitate  (Salphate 
of  Calcinm)  is  thrown  down."    (United  States  Dispensatory,  1883,  page  326.) 
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If  Qsed  in'sufflcient  strength  to  kill  Scaleiusects,  the  hands  and  arms 
innst  be  protected  from  the  liquid  by  rubber  gloves,  and  care  must  also 
be  hud  to  avoid  inhaling  the  poisonous  gases  exhaled. 
Jo  its  active  state  the  preparation  is  a  depilatory,  and  by  applying  it 

aa  a  paste  the  hair  upon  any  part  of  the  body  may  be  reduced  to  gela- 

tm  and  removed. 

Biiulphide  of  Carbon. — The  few  trials  made  of  this  substance  have  not 

^'ren  very  satisfactory  results,  and  additional  experiments  are  needed 

to  determine  whether  it  can  be  safely  and  economically  used  as  a  remedy 

for  Scale-insects.    Although  a  powerful  insecticide,  the  extreme  severity 

of  its  action  upon  the  trees  and  the  cost  of  the  materials  detract  greatly 

from  its  value.    It  is  an  exceedingly  volatile  and  explosive  liquid,  which 

must  be  kept  in  tightly-sealed  glass  bottles,  and  the  fumes  cannot  be 

intaftled  by  man  or  other  animals  without  danger.    The  bisulphide  may 

be  emulsified  with  oils  and  milk  or  soap,  but  not  more  than  three  or 

four  flnidounces  should  be  contained  in  each  gallon  of  the  diluted  wash. 

Appendix  II,  table  5,  gives  the  result  of  some  experiments  with  bi- 
sulphide of  Carbon. 

Sulphuria  Acid. — ^A  single  experiment  with  sulphuric  acid,  4  fluid- 
oonces  in  6  quarts  of  water,  applied  with  a  brush  as  far  as  possible  to 
all  parts  of  a  young  tree,  killed  nearly  all  the  Scale-insects,  and  very 
nearly  killed  the  tree.  The  bark  was  blackened  but  not  destroyed,  and 
nearly  all  the  leaves  dropped.    The  tree,  however,  slowly  recovered. 

Sufykate  of  Iron. — ^This  substance  is  exceedingly  injurious  to  vegeta- 
tion, but  is,  nevertheless,  a  very  common  ingredient  of  patent  and  pro- 
prietary remedies.  Its  presence  can  be  detected  by  the  inky-black  or 
brown  stains  which  it  forms  in  the  substance  of  the  leaves  and  the  rind 
of  the  fruit. 

It  does  not  affect  the  Scale-insect  except  by  destroying  the  vegetable 
tissues  from  which  it  gets  its  subsistence. 

Ammonia. — ^With  this  in  a  pure  state  no  experiments  have  been  made, 
but  to  its  presence  in  fermenting  urine  is  probably  due  the  insecticide 
properties  of  the  latter.  Applications  of  urine  have  often  been  recom- 
mended as  a  remed3'  tor  scale,  and  are  certainly  not  without  valae,  but 
if  allowed  to  stand  and  ferment,  and  especially  if  soot  or  other  absorb- 
ents of  the  ammonia  are  mixed  with  it,  it  becomes  highly  injurious  to 
vegetation,  and  if  applied  at  all  should  be  greatly  diluted.  A  mixture 
of  soot  and  fermented  urine  applied  undiluted  to  a  small  orange  tree 
effectually  cleared  it  of  scales,  but  very  nearly  killed  the  tree. 

JSUicate  of  /jbda.— This  is  a  thick  viscid  liquid,  sometimes  sold  as  a 
solid.  It  is  readily  soluble  in  water.  When  sprayed  upon  orange  trees 
it  soon  dries  and  forms  a  coating  of  gum  which  partially  peels  off,  car- 
rjing  with  it  many  of  the  old  dead  scales  and  some  living  ones.  When 
applied  in  sufficient  strength  it  kills  most  of  the  Coccids,  but  does  not 
destroy  the  eggs.  It  injures  the  plant  more  than  kerosene,  with  which 
it  cannot  be  compared  in  efficiency  or  cheapness.    The  preparation  is 
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inert  and  harmless  to  roan,  and  acts  mechanically  by  covering  and  stifliiig 
the  Bark-lice  or  by  removing  them  bodily  from  the  tree.  (See  Appen- 
dix II,  table  G.) 

Very  many  substances  used  separately,  or  in  varioas  combinations, 
are  recommended  as  remedies  for  Scaleinsex^t.  Among  the  number  the 
following  have  been  examined  with  more  or  less  care  and  found  to  be 
of  doubtful  or  of  no  value:  sal-soda,  muriate  of  potash,  salt,  lime,  soot, 
and  ashes. 

Many  otherwise  valueless  washes  and  applications  have  been  ten- 
dered partially  effective  by  the  addition  of  a  small  quantity  of  free  kero- 
sene. The  result  in  all  such  cases  has  been  a  very  unequal  distributioD 
of  the  oil,  some  portions  of  the  tree  receiving  a  dangerous  dose  and 
other  portions  none  at  all.  It  seems  hardly  necessary  to  point  out  the 
uselessness  of  such  half-way  measures  in  combatting  a  pest  which  the 
most  perfect  remedy  is  powerless  to  eradicate  unless  applied  with  thor- 
oughness and  care. 

THE  APPLICATION  OP  INSECTICIDES. 

Fineness  and  Force  of  Spray. — In  dealing  with  an  enemy  so  thor- 
oughly protected  as  are  many  of  the  Bark-lice,  liquid  insecticides  should 
be  applied  in  as  fine  a  spray  as  possible,  or  at  least  in  moderately  fine 
spray,  driven  with  considerable  force,  in  order  to  increase  to  the  ut- 
most their  penetrating  power.  The  aim  should  also  be  to  reach  and 
tiioroughly  wet  every  portion  of  an  infested  tree,  so  that  no  individual 
Scale-insect  shall  escape  the  a<3tion  of  the  liquid.  This  result  is  not  at- 
hunable  by  the  old  method  of  sending  a  jet  from  a  distance  into  the  tops 
of  the  trees.  An  ordinary  garden  syringe  is  practically  useless.  There 
is  needed  a  force  pump  and  a  nozzle  giving  a  finely  atomized  spray. 
This  nozzle  should  be  attached  to  a  sufficient  length  of  flexible  hose  to 
allow  it  to  be  introduced  into  the  top  of  the  tree.  The  orifice  of  the 
nozzle  should  be  directed  at  a  right  angle  to  the  hose,  and  not  in  line 
with  it.  The  jet  of  spray  may  thus  by  a  turn  of  the  wrist  be  directed 
upward  or  downward,  and  brought  into  contact  with  all  parts  of  the 
foliage  and  branches,  from  beneath  as  well  as  from  the  upper  side. 

The  Cyclone  Nozzle.  (Fig.  44: 1,  profile;  2,  plan;  3,  section). — A  nozzle 
which  answers  the  above  conditions  and  is  easily  attached  to  any  force- 
pump  by  means  of  a  rubber  tube  is  described  in  the  report  of  the  En- 
tomologist (Report  of  the  Commissioner  of  Agriculture  for  1881-'d2,  p. 
1(»2).  It  consists  of  a  shallow,  circular,  metal  chamber  soldered  to  a  short 
piece  of  metal  tubing  as  an  inlet.  The  inlet  passage  penetrates  the  wall 
of  the  chamber  tangentially,  admitting  the  fluid  eccentrically,  and  caus- 
ing it  to  rotate  rapidly  in  the  chamber.  The  outlet  consists  of  a  very 
small  hole  drilled  in  the  exact  center  of  one  face  of  the  chamber.  The 
orifice  should  not  be  larger  than  will  admit  the  shaft  of  an  ordinary  pin. 
Through  this  outlet  the  fluid  is  driven  perpendicularly  to  the  plane  of 
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FiQ.  44. — Cyclone  or  eddy-chunber 
nossle.    (After  Barnard.) 


lotitioo  in  the  chamber.  Its  wl^irliog  motion  disperses  it  broadly  from 
tie  orifice,  and  produces  a  very  fine  spray,  which  may  be  converte<l 
iotoacload  of  mist  by  increasing  the  pressure 
in  the  pump.  The  perforated  face  of  the  noz- 
cle-chamber  is  removable  for  convenience  in 

dean'Dg  the  orificie  when  it  clogs.    The  diam- 
eter of  the  chamber  inside  need  not  exceed 

ooe-faalf  inch  and  its  depth  one-qaarter  inch. 

A  nozzle  of  these  dimensions  attached  to  the 

aqaapnlt  pomp  covers  one  and  a  half  square 
yards  of  surface  at  a  distance  of  4  or  5  feet 
from  the  orifice.  The  amount  of  dispersion 
depends  somewhat  upon  the  thickness  of  the 
perforated  face  of  the  chamber.  The  diam 
eter  of  the  cone  of  spray  may  be  increased  by 
countersinking  the  exit  hole  and  making  its 
edges  thin. 

Three-eigbth:siucli  gum  tubing  is  sufficient- 
ly large  to  supply  one  or  a*  gang  of  several 
nozzles.  The  tubing  must  be  strengthened 
with  one  ply  of  cloth. 

In  use,  the  end  of  the  hose  is  supported  by  being  fastened  to  a  light 
rod  of  wood,  which  forms  a  handle,  by  means  of  which  the  nozzle  may 
be  applied  to  all  parts  of  the  tree.  For  full-sized  trees  a  rod  long 
enough  to  reach  nearly  to  their  tops  must  be  used.  For  this  purpose  a 
convenient  device  may  be  made  by  passing  the  small  rubber  hose 
through  a  hollow  bamboo  rod  of  the  required  length.  A  three-six- 
teenth  brass  tube  inserted  in  a  bamboo  rod  has  also  been  used. 

Plate  VII  exhibits  a  complete  outfit  for  treating  orange  groves  with 
liquid  insecticides,  from  a  photograph  taken  during  actual  service  in  the 
field.  This  consists  of  a  common  pendulum  pump  inserted  in  a  barrel 
and  mounted  upon  a  cart.  The  liquid  is  delivered  through  two  lines  of 
hose,  each  ending  in  a  cyclone  nozzle.  The  arrangement  here  shown 
permits  the  spraying  of  two  rows  of  young  trees  at  once,  and  thus  efl^ects 
a  considerable  saving  in  time.  In  the  same  plate  is  shown  an  aquapult 
pump  fitted  with  a  cyclone  nozzle  and  a  single  length  (12  feet)  of  three- 
eighths-inch  hose.  The  pump  is  inserted  in  a  pail,  ready  for  use  as  a 
portable  apparatus  for  one,  or  preferably  for  two  men. 

Sereral  Applications  necessary. — Unless  exceptional  care  is  exercised 
fionie  i>ortions  of  the  bark  or  leaves  will  escape  thorough  wetting  and 
isolated  scales  will  be  left  alive.  The  eggs  also  to  some  extent  will 
escape  destruction  and  may  hatch  in  sufficient  numbers  to  restock  the 
plant.  As  a  rule,  therefore,  two,  or  even  more,  applications  will  be  nec- 
essary. A  second  application  should  not  follow  too  closely  on  the  first. 
Sufficient  time  should  be  given  for  the  hatching  of  all  the  eggs  which 
may  have  been  left  alive.    On  the  other  hand,  if  delayed  too  long,  a 
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brood  interval  will  have  elapsed  and  fresh  eggs  will  be  deposited.  Sao- 
cessive  applications  should,  therefore,  be  made  at  intervals  of  not  less 
than  three  and  not  exceieding  six  weeks. 

Proper  Seasons  for  applying  Remedies, — If  kerosene  emulsions  are  used 
trees  may  be  treated  for  Scale  at  any  time  during  the  growing  season. 
Strong  solutions  of  lye,  whale-oil  soap,  and  other  applications  which 
are  injurious  to  tender  growth  do  least  harm  to  the  trees  when  dormant 
The  bix)od  periods  of  Scale-insects  are  quite  irregular,  and  breeding  is 
more  or  less  continuous  throughout  the  year.  As  a  rule,  however,  in 
Florida  new  broods  begin  in  March,  June,  and  September,  and  in  these 
months,  or  the  month  succeeding  each,  the  application  of  insecticides 
gives  the  greatest  advantage.  The  period  immediately  preceding  the 
appearance  of  each  brood  is  that  in  which  the  majority  of  scales  arc 
iilled  with  eggs,  upon  which  many  insecticides  have  little  or  no  effect. 
The  months  of  February,  May,  and  August,  and  the  winter  months 
from  Kovember  to  January,  are,  therefore,  seasons  in  which  the  applica- 
tion of  remedies  is  likely  to  prove  least  effective. 

To  apply  washes  in  winter  is  somewhat  hazardous,  and  exposes  the 
trees  to  risk  of  serious  injury,  by  causing  them  to  put  forth  new  growth 
at  a  time  when  there  is  danger  from  frost.  For  in  Florida  the  Orange  is 
never  quite  dormant  even  in  the  coldest  winter,  and  the  reaction  that 
follows  an  application  is  liable  to  start  the  buds  unless  the  weather  re- 
mains uniformly  cool. , 

When  the  air  is  charged  with  moisture,  and  the  nights  are  cold,  with 
heavy  dews  or  frost,  the  evaporation,  even  of  volatile  oils,  is  checked, 
and  they  remain  too  long  in  contact  with  the  plant.  Applications  made 
under  such  atmospheric  conditions  sometimes  prove  very  severe,  and 
cause  the  tree  to  shed  all  its  leaves,  or  even  kill  the  branches. 
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of  fongaSy  bat  shows  the  oil^cells  to  be  more  or  less  completely  emptied 
of  their  contents,  and  the  outer  layers,  the  epithelial  cells,  clogged  with 
brownish  resin,  or  entirely  broken  ap  and  divided  by  fissures,  which 
permit  evaporation  of  the  fluids  from  the  underlying  cells.  The  rind  of 
rusted  fruit,  therefore,  shrinks  and  toughens,  and  loses  by  evaporation 
or  oxidation  the  greater  part  of  its  essential  oU. 

THE  OBiam  OF  BUST. 

Reasons  for  considering  it  the  Work  of  a  Mite. — ^If  we  examine  criticaUy 
with  a  hand  lens  of  considerable  magnifying  power  the  surface  of  a 
rusted  orange,  we  will  find  here  and  there  in  the  depressions,  groups  of 
minute  white  filaments  adhering  closely  to  the  rind.  Carefully  trans- 
ferring one  of  these  filaments  to  the  stage  of  a  compound  microscope, 
and  applying  a  power  of  several  hundred  diameters,  the  character  of 
the  object  is  clearly  shown.    It  is  the  cast  skin  of  an  Insect. 

If  the  examination  chance  to  be  made  in  winter,  when  the  fruit  is 
ripe,  the  number  of  these  exuvl»  will  not  be  strikingly  great  But  if 
made  in  autumn  or  late  summer,  the  surface. of  every  orange  showing 
rust  will  be  found  thickly  sprinkled  with  them,  and  we  shall  be  forced 
to  conclude  that  we  have  before  us  the  relics  of  a  numerous  colony, 
which  at  some  former  period  infested  the  fruit. 

Extending  the  examination  to  fruit  that  as  yet  shows  no  indication 
of  rust,  we  will,  if  the  season  is  not  too  far  advanced,  obtain  abundant 
confirmation  of  this  conclusion,  and  find  these  colonies  in  the  full  tide 
of  their  existence.  The  former  occupants  of  the  cast  skins  prove  to  be 
elongate  Mites,  of  honey-yellow  color,  too  minute  to  be  seen  aa  indi- 
viduals with  the  unassisted  eye,  but  visible  in  the  aggregate  as  a  fide 
golden  dust  upon  the  surface  of  the  fruit. 

The  Mite  on  the  Leaves. — Having  tracked  the  Mite  by  means  of  its  tell- 
tale exuviffi,  and  detected  it  at  work  upon  the  fruit,  if  we  turn  our  at- 
tention to  the  leaves  it  needs  no  prolonged  search  to  discover  it  h^ie 
also,  and  in  even  greater  abundance.  In  fact,  it  is  evidently  upon  the 
leaves  that  the  Mites  exist  and  propagate  throughout  the  year;  for  not 
only  are  they  found  upon  fruiting  trees,  but  upon  plants  of  all  ages,  in 
the  nursery  as  well  as  in  the  grove. 

Nothing  resembling  the  rust  of  the  fruit  follows  their  attacks  upon 
the  leaves.  Each  puncture  of  the  Mites  gives  rise  to  a  minute  pimple 
or  elevation,  until  the  surface  of  the  leaf  becomes  finely  corrugated, 
loses  its  gloss,  and  assumes  a  corroded  and  dusty  appearance. 

This  tarnished  appearance  of  the  foliage  is  very  characteristic,  and 
iFemains,  a  permanent  indication  of  their  depredations,  after  the  Mites 
themselves  have  disappeared. 

First  appearance  of  Mites  on  the  Fruit — ^From  the  time  when  the 
cellular  stnicture  of  the  rind  has  completely  developed,  and  the  oil-cells 
have  begun  to  fill,  until  the  fruit  is  far  advanced  in  the  process  of 
ripening;  in  other  words,  ft*om  early  spring  until  late  in  autumn,  it  is. 
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liable  to  attacks  of  the  Mitea,  but  it  is  in  the  intermediate  period  of  its 
growth  that  the  fruit  offers  couditions  most  favorable  to  their  increase. 

Attacks  of  the  Mite  always  followed  by  Bust^The  evidence  that  rust 
follows  as  a  sequence  upon  the  depredations  of  this^Mite  is  circumstan- 
tial rather  than  direct,  but  it  is  also  cumulative.  Oranges^ marked  and 
kept  under  observation,  but  allowed  to  remain  upon  the  tree,  have  in 
all  cases  rusted  after  being  overrun  by  the  Mites.  Those  upon  which 
uo  Mites  made  their  appearance  remained  bright  to  maturity. 

A  veiy  large  number  of  observations  show  a  close  connection  between 
the  occurrence  of  Mites  upon  the  foliage  and  rust  on  the  fruit,  so  that  it 
ID4J  be  stated  as  a  rule,  wh.en  the  foliage  of  a  tree  retains  its  gloss,  the 
fmit  also  will  be  bright,  and,  conversely,  when  the  condition  of  the 
leaves  indicates  the  presence  of  Mites  in  great  numbers,  the  fruit  will 
be  discolored. 

This  is  found  to  be  true,  not  only  of  the  entire  tree,  but  of  restricted 
portions.  Thus  the  upper,  the  lower  branches,  or  one  side  of  an  orange 
tree  may  produce  rusty  fruit  while  that  on  the  other  parts  of  the  tree 
remains  bright.  In  such  cases  there  will  always  be  a  marked  difference 
in  the  condition  of  the  foliage  upon  the  two  portions,  and  the  leaves 
surrounding  the  affected  fruit  will  indicate  more  or  less  clearly  the 
work  of  the  Mites. 

Other  and  perhaps  more  conclusive  reasons  for  considering  the  Mite 
responsible  for  nmi  will  be  better  understood  when  the  habits  of  the 
Mite  itself  have  been  considered. 

Interval  hetwee^i  the  I>i«appearance  of  the  Mites  and  the  Appearance  of 
Bust — ^As  has  been  already  indicated,  the  Mites  do  not  permanently 
infest  either  the  surface  of  the  leaf  or  the  rind  of  the  fruit,  but  wander 
off  to  fresh  feeding-ground  when,  through  their  combined  attacks,  all 
the  accessible  oil-cells  have  been  emptied  of  their  contents,  or  the  tissues 
have  been  too  much  hardened  by  advancing  maturity  to  be  easily  pene- 
trated by  their  beaks. 

The  effects  of  their  punctures  upon  the  cellular  structure  of  the  plant, 
however,  continue  after  their  departure,  and  upon  the  flrnit,  rust  de- 
velops with  a  varying  interval,  depending  possibly  upon  the  relative 
humidity  of  the  air.  Usually  the  discoloration  is  very  apparent  after 
the  lapse  of  a  week,  and  the  rind  continues  to  harden  indefinitely,  or  as 
long  as  it  is  exposed  to  the  air. 

THE  BUST-MITB. 

{Typhlodromus  oleivorus  Ashm.) 

Description. — ^The  so-called  Bust  Insect  (Fig.  45,  a  5)  is  a  four-legged 
Mite,  honey-yellow  in  color,  and  about  three  times  as  long  as  broad. 
The  body  is  cylindrical,  widest  near  the  anterior  extremity,  and  tapers 
behind,  terminating  in  two  small  lobes,  which  assist  the  animal  in  crawl- 
ing and  enable  it  to  cling  firmly  to  the  surface  upon  which  it  rests. 
The  front  ia  prolonged  in  a  conical  protuberance,  which  appears  to  be 
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composed  of  two  closely-applied  lobes.    The  upper  surface  at  its  wid( 
part  is  marked  on  each  side  with  shallow  depressions,  which  are  faintg  j 
prolonged  on  the  sides  and  reach  nearly  to  the  terminal  lobes.    Tl 
abdomen  consists  of  about  thirty  segments.    The  beak,  a  short,  carv< 
tnbC)  is  usually  retracted  between  the  organs  of  the  mouth.    The  lattc 

form  a  truncated  cone,  concealed  froi 
above  by  the  projection  of  the  fron? 
and  difficult  to  resolve  into  its  compc»— 
nent  parts.    Under  high  powers  it  cazx 

■ 

be  seen  to  consist  of  at  least  two  thiclc 
lobes,  which  in  the  living  Mite  have  a 
reciprocal  foi  ward  and  back  movement. 
The  two  pairs  of  legs  are  placed  close 
together,  at  or  very  near  the  anterior 
extremity,  and  project  forwards.   They 
are  four-jointed,  and  terminate  in  a 
curved  spine,  with   opposing  bristles. 
(Fig.  45,  e.)     The  intermediate  joinU 
bear  one  or  two  very  long,  curved  bris- 
tles.   Several  fine  bristle-hairs,  arisiug 
from  the  under  surface  of  the  body, 
curve  upwards  at  the  sides,  and  two 
very  long  bristles  at  the  caudal  extrem- 
ityj  curving    downwards,  are  trailed 
after  the  Mite  as  it  crawls. 
The  length  of  the  adult  Mite  is  0.14""°  {j-^s  inch).    The  young  do  not 
differ  essentially  in  structure  from  the  adults,  but  are  thick  and  short, 
almost  cordiform,  and  the  legs  are  very  short. 

The  eggs,  which  are  deposited  singly  or  in  little  clusters  upon  the 
surface  of  the  leaves,  are  spherical,  transparent,  with  a  yellow  tinge. 
Their  diameter  is  more  than  half  that  of  the  mother  at  its  widest  part, 
and  they  probably  increase  in  size  by  the  absorption  of  moisture  after 
they  are  laid;  otherwise  the  body  of  the  Mite  could  not  contain  more 
than  three  or  four  fully-developed  ova.  The  embryo  is  curved  within 
the  egg^  its  head  slightly  overlapping  the  tail.    (Fig.  45,  d.) 

Life-history, — In  hot  weather  the  eggs  hatch  in  four  or  five  days,  but 
in  winter  their  development  is  more  or  less  retarded  by  cold,  although 
it  is  not  entirely  arrested  even  by  frost,  and  the  duration  .of  the  egg 
period  seldom  exceeds  two  weeks. 

The  young  are  bright,  translucent  yellow  in  color.  Within  a  week 
or  ten  days  they  undergo  a  metamorphosis  or  molt,  during  which  the 
animal  remains  dormant  for  about  forty-eight  hours.  With  its  legs, 
which  are  placed  close  together,  and  stretched  out  in  line  with  the 
body,  and  with  its  two-lobed  anal  proleg,  it  clings  closely  to  the  surface 
of  the  leaf.  The  form  becomes  more  elongate  and  spindle-shaped.  The 
body  of  the  transforming  Mite  separates  from  the  old  skin,  which  be^ 


Fia.  45. — Tlio  Orange  Rust-inite:  a,  dorsal 
View ;  6,  lateral  view— enlarged,  the  dot 
in  circle  indioatinx  nataral  sise;  c,  Ipg; 
^1  ®8^£«  with  embrjo JuMt  abont  lo  hatch- 
more  enlarged.    (After  Uabbard.) 
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ooDiefl  pellacid  and  empty  at  the  extremities,  and  finallj  splits  longi- 
tndiuaUj, releasing  the  renovated  Mite.  The  rejected  pellicle  is  left 
tirmlj- adiiering  to  the  surface  on  which  it  rests,  but  is  in  time  removed 
by  the  action  of  the  weather,  and  much  sooner  from  the  leaves  than 
from  the  rind  of  fruit. 

The  adnit  Mite  is  slightly  darker  than  the  young  in  color,  and  be- 
comes more  opaque  as  it  grows  older,  ^o  sexual  diflfereuces  liave  been 
distiofuisbed,  nor  has  the  act  of  coupling  been  observed. 

Owing  to  the  diflSculty  of  confining  the  Mites  without  interfering  with 
the  ooDditions  necessary  to  their  existence,  it  has  not  been  possible  to 
determine  the  duration  of  their  lives.    It  is,  however,  safe  to  conclude  - 
that  they  live  several  weeks  after  rejiching  the  adult  stage.    The  num- 
ber of  e^gs  deposited  is  also  uncertain,  but  it  is  probably  not  abnormal, 
and  the  enormous  populousness  of  their  colonies  must  be  attributed  to 
T9pid  development,  and  comparative  immunity  from  enemies  and  para* 
niteSj  rather  than  to  excessive  fecundity. 

Food, — This  evidently  consists  of  the  essential  oil  which  abounds  in 
all  saocnlent  parts  of  the  Orange  and  its  congeners,  and  which  the  Mites 
obtain  by  penetrating  with  their  sucking  beaks  the  cells  that  lie  im- 
mediately beneath  the  epidermis.  That  they  do  not  feed  upon  the  chlo- 
rophyl  is  shown  by  the  color  of  their  intestinal  contents,  which  has  no 
Uoge  of  green,  but  a  clear  yellow,  unmistakably  indicating  the  source 
from  which  it  came. 

Wandering  Habits.— -While  engaged  in  feeding,  the  mites  remain  qui- 
escent for  a  length  of  time  varying  from  a  few  minutes  to  half  an  hour. 
They  then  move  on  a  short  distance  and  again  become  motionless.  If 
disturbed  they  have  a  habit  of  erecting  themselves  upon  the  leaf,  cling- 
ing to  its  surface  only  by  the  anal  proleg. 

When  dissatisfied  with  their  surroundings,  or  when  food  becomes 
scarce,  they  wander  restlessly  about,  and  undoubtedly  travel  to  consid- 
erable distances.  Their  rate  of  progress  on  a  smooth  surface  is  quite 
rapid,  and  amounts  to  10  or  12  feet  ])er  hour.  It  is  therefore  not  sur 
prising  to  find  them  changing  their  position  frequently;  disappearing 
Boddenly  from  one  portion  of  a  tree  and  appearing  as  suddenly  in  great 
nambers  upon  another  and  distant  part  of  the  same  tree. 

It  is  not  to  be  understood  that  the  Mites  show  any  concert  of  action 
III  moving  their  colonies,  or  that  they  are  in  any  other  sense  gregarious 
tbau  that  they  are  usually  found  very  thickly  scattered  over  those  parts 
of  an  infested  plant  which  offer  favorable  conditions  for  their  support. 
Thus  the  new  growth  of  many  orange  trees  becomes  occupied  or  infested 
by  them  as  rapidly  as  the  leaves  fully  mature,  and  the  number  upon  a 
single  leaf  may  be  estimated  by  many  thousands. 

Numerical  Abundance. — The  following  examination,  made  in  January, 
will  give  an  idea  of  the  extent  of  the  brood  during  the  coldest  part  of 
the  Florida  winter. 
From  a  large  number  of  leaves  of  late  autumn  growth  one  was  se- 
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lected  which  showed  an  even  .distribation  of  Mites  upon  its  sarfao^^- 
An  area  of  one  sqnare  inch  was  accnrately  marked  oat  with  a  needle?* 
and  subdivided  into  sixteen  equal  squares.    The  number  of  Mites  an^ 
their  eggs  upon  four  of  the  small  squares,  taken  at  random,  was  counted  j 
and  found  to  aggregate  1,142.*    This  gives  for  the  square  inch  undar 
observation  4,568  mites.    The  leaf  was  then  cut  into  squares  and  tri- 
angles, and  was  found  to  cover  15  square  inches  upon  a  sheet  of  paper. 

On  the  supposition  that  the  experimental  square  inch  gives  a  fair 
average,  the  number  of  Mites  upon  the  upper  surface  of  this  leaf  was 
68,520.    Certain  portions,  not  exceeding  one-quarter  of  the  whole,  were, 
however,  more  or  less  thinly  populated.    Deducting,  therefore,  27  per 
cent,  from  the  above,  we  have  50,020  Mites,  the  approximate  popula- 
tion of  the  upper  surface.    The  under  side  of  the  leaf  was  less  thickly 
infested,  but  the  number  of  Mites  may  be  estimated  as  one-half  that  of 
the  upper  face,  or  25,000.    Thus  the  number  of  Mites  and  their  eggs, 
upon  a  single  leaf,  is  found  to  reach  even  in  midwinter  the  enormous 
sum  of  75,000. 

In  early  summer,  when  the  breeding  is  active,  these  estimates  will  be 
greatly  exceeded.  At  times  an  orange  tree  may  be  so  completely  in- 
fested with  the  Mites,  that  of  its  thousands  of  leaves  very  few  can  be 
found  free  from  their  presence.  If,  then,  we  attempt  to  calculate  the 
number  that  may  exist  contemporaneously  upon  a  bearing  tree,  we  find 
it  represented  not  by  millions  but  by  billions,  and  the  figures  obtained 
convey  no  definite  impressions  to  the  mind. 

Preference  shoton  for  half  Shade, — An  examination  made  on  a  bright, 
sunny  day  shows  that,  while  the  Mites  cannot  long  endure  the  direct 
light  and  heat  of  the  sun,  they  also  avoid  dark  shade.  At  midday  they 
are  more  abundant  upon  the  under  side  of  exposed  leaves,  and  although 
they  at  all  times  show  a  marked  preference  for  light,  they  desert  those 
parts  of  leaf  or  fruit  Jipon  which  it  falls  brightest.  On  a  leaf  partially 
exposed  to  the  sun  the  Mites  congregate  near  one  edge  in  the  morning, 
and  in  the  afternoon  cross  to  the  opposite  side  of  the  satne  surface,  fol- 
lowing the  shifting  shade,  which,  by  reason  of  its  curvature,  the  edges 
of  the  leaf  throw  upon  one  side  or  the  other.t 

Rings  of  Bust  on  Fruit — On  the  fruit,  this  preference  of  the  Mites  for 
half  shade  causes  a  phenomenon  which  will  be  recognized  as  very  com* 

*The  namber  of  eggs  exceeded  that  of  the  Mites,  a  phenomeDon  not  often  observed, 
and  which  may  be  attributed  to  nnnsually  cold  and  unfavorable  weather  at  the  time 
of  the  examination  and  for  several  weeks  previous. 

tThe  conditions  most  favorable  to  their  increase  are  afforded  by  luxuriant  foliage 
when  thoroughly  penetrated  by  light,  but  dense  shade  effectually  bars  their  progress. 
Vigorous  young  trees  on  which  the  foliage  is  illuminated  from  beneath  by  radiation 
from  the  surrounding  soil  are  especially  subject  to  attack,  the  succulence  of  their 
leaves  serving  only  to  increase  enormously  the  numbers  of  the  invading  host.  The 
same  luxuriance  in  older  trees,  whose  branches  interlock  in  the  grove  and  shade  the 
ground,  acts  unfavorably  upon  the  productiveness  of  the  Mites  and  checks  their  in- 
crease. These  are  facts  of  importance,  as  wiU  be  seen  when  we  come  to  consider  the 
means  of  combating  the  pest. 
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moo  00  rnsty  oranges.  Thia  is  the  occarrence  of  rust  in  a  well-defined 
mg,  obb'qoely  encircling  the  orange  as  the  ecliptic  does  the  earth.  The 
rastrio^is  seen  most  plainly  on  frait  from  the  upper  portion  and  south 
side  of  a  tree  when  it  stands  with  others  in  a  grove,  and  will  be  found 
to  mark  the  band  of  half  shade  between  the  portion  of  the  orange  most 
dJroctJj  exposed  to  the  sun's  rays  and  that  in  densest  shadow.    The 

surface  covered  by  this  penumbra  band  is  precisely  that  upon  which 

the  mites  gather  most  thickly  in  the  middle  of  the  day.    Here  their 

attack  upon  the  rind  will  be  most  severe  and  its  after  effects  most 

noticeable.    (Plate  YIII.) 

There  is  also  observable  in  rusted  fruit  a  marked  difference  in  the 
amount  of  discoloration  upon  the  opposite  sides.  Even  where  no 
plainly  marked  ring  is.  visible,  the  side  of  the  fruit  which  upon  the 
tree  was  turned  towards  the  sun  frequently  presents  a  bright  spot, 
and  the  opposite  side  an  area  of  lighter  bronze,  with  less  sharply  de- 
fined boundaries. 

These  facts,  taken  in  connection  with  the  observed  habits  of  the  Mites, 
may  be  regarded  as  the  strongest  evidence  showing  a  connection  be- 
tween rust  and  their  attacks  upon  the  fruit. 

Influence  of  Weather. — It  has  been  already  observed  that  the  hatching 
of  the  eggs,  although  retarded,  does  not  cease  in  cold  weather,  and  that 
the  breeding  continues  throughout  the  year.  Frost,  which  is  sometimes 
severe  enough  to  kill  the  adult  Mites,  does  no  injury  to  the  eggs,  and 
the  severity  of  a  winter  has  little,  if  any,  effect  upon  their  prevalence 
during  the  following  summer.  In  droughts,  however,  there  is>  some 
evidence  that  many  of  the  eggs  dry  up  and  are  exterminated.  The 
extremely  dry  seasons  of  1881  and  1882  were  followed  in  the  winter  of 
188^'83  by  the  brightest  crop  of  fruit  that  had  been  known  for  several 
Tears. 

Agencies  which  Msist  in  the  Distribution  of  Mites.^^The  activity  of  the 
Mites  and  their  readiness  to  climb  upon  anything  they  meet  in  their 
path  renders  it  evident  that  any  living  creature  which  passes  from  one 
tree  to  another  is  competent  to  transport  the  Mites  with  it.  The  tail- 
feathers  of  birds  must  sweep  thousands  from  the  surfaces  of  the  leaves, 
and  spread  them  from  tree  to  tree  or  from  grove  to  grove. 

So  readily  do  they  relinquish  their  hold  when  brought  into  contact 
with  a  moving  body,  that  the  point  of  a  needle  swept  across  the  surface 
of  an  infested  leaf  will  usually  be  found  to  have  several  Mites  adhering 
to  it. 

The  same  agencies  which  assist  in  the  spread  of  Scale-insects  un- 
doubtedly serve  to  scatter  the  Mites.  Not  only  do  they  climb  readily 
along  the  webs  of  spiders,  but  they  may  frequently  be  seen  upon  the 
bodies  of  the  spiders  themselves,  which  do  not  seem  to  be  at  all  dis- 
turbed by  the  restless  movements  of  their  little  attendants. 

The  wandering  habit  of  spiders  is  well  known.    Their  method  of 
bridging  great  distances  by  casting  out  hundreds  of  feet  of  silken  line, 
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to  bo  wafted  by  the  winds  and  caaght  in  distant  trees,  has  often  been 
noted.  There  is  little  doabt  that  of  all  other  modes  of  dissemiualioiif 
both  of  Scale-insect  and  Bast-mite,  that  of  transportation  by  spiders  is 
the  most  important,  the  most  constant,  and  regular.  The  spiders  bear 
with  them  upon  their  hairy  bodies  the  young  Bark-lice  and  the  adult 
Mites,  conveying  them  in  their  own  migrations  to  distant  points,  and 
colonizing  them  under  their  protecting  web  whenever  -they  chance  to 
select  the  leaves  of  a  citrus  plant  as  their  resting  place. 

And  here  is  found  the  solution  of  that  puzzling  influence  of  the  wind 
so  often  remarked  in  the  case  of  Scal^-insects,  and  which  has  led  mauy 
to  believe  that  they  are  disseminated  directly  by  this  agency,  and  there- 
fore spread  most  rapidly  in  the  direction  of  the  prevailing  currents. 

Spiders  of  the  web-making  kinds  are  necessarily  dependent  upon  the 
wind  in  making  long  voyages.  The  warm  southeasterly  winds  of  spring 
excite  in  them  the  migratory  instinct,  and  at  a  time  when  the  orange 
trees  are  swarming  with  the  quickened  life  of  Scale  and  Mite  from  a 
thousand  projecting  points  of  branch  or  leaf,  the  spiders  are  sending 
out  their  lines  of  rapid  transit,  and  are  bearing  with  thetn  ^^on  the  wings 
of  the  wind ''  the  seeds  of  mischief  to  the  orange-grower. 

BAYAGES  OF  THE  BUST-MITE. 

The  Mite  known  only  upon  Plants  of  the  Citrus  Family, — ^The  Bost-mite 
attacks  indiscriminately  the  various  species  of  Citrus  in  common  culti- 
vation, but  has  not  been  observed  to  feed  upon  plants  of  any  other  ge- 
nus. It  is  found  upon  the  Lime,  Lemon,  Citron,  Shaddock,  Bigarde,  and 
Tangerine,  and  none  of  the  varieties  of  the  Orange  are  known  to  be  in 
any  degree  exempt. 

Upon  the  leaves  and  fruit  of  all  these  species  of  Citrus  the  effects  of 
its  attack  are  essentially  the  same,  although  the  rust  is  most  noticeable 
on  the  Sweet  and  Bitter  Orange. 

Effect  of  Attaclfis  upon  the  Foliage. — ^Like  certain  internal  animal  para- 
sites which  feed  only  upon  the  fat  of  their  hosts,  and  do  not  touch  its 
vital  organs,  the  Mite  does  not  destroy  the  vital  functions  of  the  leaf. 
The  chlorophyl  is  untouched,  and  the  plant  is  robbed  of  a  portion  only 
of  its  essential  oil.  The  leaves  never  drop,  no  matter  how  severely  at- 
tacked, but  there  is  loss  of  vitality,  and  the  growth  of  the  plant  is 
checked.  This  is  especially  noticed  in  young  trees,  -which  are  frequently 
overrun  by  the  pest  in  early  summer,  and  during  the  remainder  of  the 
year  make  little  progress. 

The  foliage  of  affected  trees  wears  a  dry,  dusty  appearance,  and  loses 
color.  The  leaves  are  without  gloss,  and  become  slightly  warped,  as  in 
droughts. 

Rusted  Fruit — ^If  severely  attacked  by  rust  before  it  has  completed 
its  growth,  the  orange  does  not  attain  its  full  size.  Very  rusty  fruit  is 
always  small.  Its  quality  is,  however,  improved  rather  than  deterio- 
rated.   The  toughened  rind  preserveB  it  from  ii\Jaiy  and  decay,  prevents 
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^<./     enporatioo  from  within,  aud  carries  tlio  ripening  process  to  a  higher 

^-/        imy  oranges  can  be  shipped  without  loss  to  great  distaucc^s.    They 

^/      leepJoDger,  both  on  and  off  the  tree,  and  when  they  reach  the  norths 

era  markets  are  superior  to  the  bright  fruit  in  flavor.    Consumers  not 

being  aware  of  this  fact,  however,  prefer  the  latter,  and  the  reduced 

pnce  of  the  bronzed  fruit  more  than  offsets  to  the  producer  its  superior 

keeping  aud  shipping  qualities 
Introduction  and  Spread  of  the  Mite. — Of  the  origin  of  the  Uust-inite, 

irfaether  uative  or  introduced^  we  as  yet  know  nothing.    As  far  as  has 

been  obserx^ed,  it  is  not  found  upon  the  wild  orange  trees  in  Florida, 

altbongh  it  attacks  them  indiscriminately  with  others  of  the  citrus 

fiunOy  when  transplanted  to  open  ground,  and  it  may  exist  upon  them 

in  small  nnmbers  in  their  native  swamps. 

It  is  said  that  a  few  years  ago  rust  was  entirely  unknown;  but  the 
orange  industry  iti  this  State  i»of  such  recent  growth  that  attention  has 
not  long  been  directed  to  this  matter.  When  but  little  fruit  was  ])r()- 
daced,  occasiona]  discolorations  of  the  rind  would  naturally  pHss  un- 
noticed. 

Periodi  of  Increase. — As  is  the  case  with  most  invasions  of  insects,  the 
pest,  although  increasing  rapidly  for  a  time,  is  likely  to  reach  a  maxi- 
mam  in  a  few  years  and  afterward  decline.  This  has  been  the  expe- 
rience in  former  years  with  Scale-insect,  and  is  attributable  to  compar- 
ative immunity  from  enemies  and  parasites  at  the  outset.  As  the 
number  of  their  enemies  increases,  that  of  the  destroyers  diminishes, 
until  in  time  a  state  of  equilibrium  is  reached,  which  is  disturbed  only 
temporarily  by  the  changing  conditions  of  climate,  or  other  and  obscure 
causes. 

It  seems  probable  that  the  Bust-mite  has  reached  or  is  already  past 
the  period  of  maximum  destmctiveness,  and  that  succeeding  years  will 
witness  its  subsidence.  The  Mite  has  at  present  few  enemies,  and  of 
these  the  most  important  are  unfortunately  not  abundant.  They  give 
promise,  however,  of  greater  efficiency  in  future,  as  they  belong  to 
families  many  of  whose  members  are  as  prolific  as  the  Bust-mite  itself. 

Oeoffraphical Distribution. — Bust  appears  to  be  known  upon  the  Orange 
only  in  Florida.  Within  the  limits  of  the  State,  however,  its  presence 
is  universaL  No  section,  whatever  claims  may  be  made  to  the  contrary, 
is  exempt 

BEMEBIES. 

Influence  of  Soil  and  Methods  of  Cultivation.— The  effect  upon  the 
prevalence  of  rust  of  various  systems  of  cultivation  and  of  applications 
to  the  soil,  for  the  purpose  of  changing  its  nature  qr  supplying  assumed 
deficiencies  in  its  composition,  has  been  the  subject  of  endless  discus- 
siOD,  and  of  experiments  affording  negative  or  conflicting  results,  which 
oannot  profitably  be  reviewed  hereb 
6S21  o  I- 
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Suffice  it  to  say,  uo  method  of  couibating  rust  by  the  indirect  2ic6(^ 
through  the  plant  of  chemical  substances  applied  to  the  so'l  has  bee^ 
proven  effective.  By  forcing  with  fertilizers  or  high  cultivation,  no  im- 
provement is  effected  in  the  color  of  the  fruit.  This  depends,  not  upon 
the  condition  of  the  tree,  but  rather  npon  the  number  of  the  Mites,  wtich 
is,  in  fact,  increased  by  an  abundant  supply  of  new  growth  and  a  oou- 
stant  succession  of  fresh  and  vigorous  leaves. 

It  seems,  however,  to  be  an  established  fact  that  the  fruit  is  less  liable 
to  rust  upon  low  than  upon  high  lands.  Groves  planted  upon  moists 
rich  hammock  or  clay  soils  produce,  as  a  rule,  brighter  fruit  than  those 
upon  high,  sandy  pine  lands. 

This  result  is  commonly  attributed  to  the  abundance  of  moisture  in 
low  ground ;  but  it  may  be  more  directly  due  to  the  denser  shade  af- 
forded by  a  more  vigorous  foliage  and  reduced  radiation  from  a  darker 
soil.  In  the  native  wild  groves,  which  are  always  densely  shaded  by 
forest,  neither  rust  nor  Mites  are  found,  and  the  same  immunity  is  en 
joyed  by  cultivated  trees  planted  in  similar  situations. 

Preventive  Measures. — Any  means  which  will  enable  us  to  produce  on 
the  light,  sandy  soil  of  the  uplands  those  conditions  of  shade  which 
appear  natural  and  grateful  to  the  Orange,  and  which  we  have  seen  are 
unfavorable  to  the  increase  of  the  Bust-mite,  should,  if  the  foregoing 
account  is  correct,  give  immunity  from  Bust.  In  point  of  fact^  there  is 
.strong  evidence  to  warrant  the  belief  that  with  intelligent  management 
almost  any  grove  may  in  a  few  years  be  made  to  produce  bright  fruit, 
by  reducing  the  radiation  and  darkening  the  soil,  (1)  with  mulch,  or, 
still  better,  with  a  liberal  coating  of  muck,  (2)  by  encouraging  the 
branches  to  grow  low  and  spreading,  and  especially  avoiding  the  vicious 
practice  of  trimming  young  trees  too  high. 

Other  ways  of  shading  the  ground  and  promoting  vigorous  leafy 
growth  will  occur  to  every  orange-grower. 

Those  who  advocate  forest  culture  for  the  Orange  may  justly  claim  for 
it  the  advaoiage  of  affording  comparative  immunity  from  rust ;  but  a 
discussion  of  the  merits  and  demerits  of  this  and  other  systems  of  cul- 
tivation must  be  left  to  the  horticulturist. 

It  may,  however,  be  proper  to  suggest  that  where  isolation  is  prac- 
ticable much  can  be  accomplished  toward  the  exclusion  of  such  pests  as 
the  Bust-mite  and  the  Scale-insect  by  properly  arranged  natural  screens. 
Narrow  belts  of  original  forest,  with  its  undergrowth,  may  be  left,  at 
least  on  the  southeast  side  of  the  grove  or  on  high  land ;  the  tall  pines 
may  be  supplemented  by  hedge-raws  of  the  native  Holly,  the  Jiigube,  or 
other  evergreen  shrubs,  which  thrive  upon  uplands  in  the  South. 

Such  wind  breaks  not  only  protect  the  bearing  trees  and  fruit  flrom 
the  whipping  action  of -southeasterly  gales,  but  afford  the  best  and  only 
hindrance  to  the  spread  of  Mites  and  Bark-lice,  prohibiting  their  direct 
importation  upon  spiders  and  other  insects,  through  whose  aid  they  are 
disseminated. 
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leaf  with  spray  and  collected  ui)on  blotting  paper,  began  to  crawl aw^iB*^ 
as  80on  as  dry,  and  showed  no  injury  the  following  day.  Eggs  ac^^ 
molting  young  remained  upon  tlie  leaf  and  were  not  affected. 

(2.)  Solution:  1  pound  to  50  gallons.    Applied  in  foam.    Free  Mit^»^ 
in  great  part  killed.    Molting  young  and  eggs  not  killed. 

(3.)  Solution :  1  pound  to  32  gallons.    Adult  Mites  all  killed.    Molt;- 
ing  young  in  part  killed.    Eggs  not  killed. 

(4.)  Solution:  I  pound  to  16  gallons.  Adult  Mites  all  killed  and  shriv- 
eled, in  two  or  three  hours.  Molting  Mites,  aboat  80  per  cent,  killed. 
Egg8,  a  large  porjentage  killed. 

(5.)  Solution:  1  pound  to  5  gallons.  Adult  Mites  all  killed.  Moltiog 
Mites  apparently  all  dead  in  two  days.  Eggs  evidently  affected,  not 
all  killed,  but  many  collapsed  by  the  second  day. 

(6.)  Solution:  1  pound  to  1  gallon.  (This  solution  is  near>y  solid  when 
cold.)  Mites  all  killed.  On  the  second  day  all  the  eggs  appeared  col- 
lapsed and  dead. 

The  wbale-oil  soap  usmiUy  supplied  by  dealers  is  inferior  to  that  used 
in  the  above  experiments.  As  an  effective  remedy  for  Bust-mite  a  solu- 
tion of  1  pound  to  5  gallons  of  water  may  be  recommended.  It  shonld 
be  applied  in  early  spring,  before  the  new  growth  begins.  Two  or  three 
appliciitions  will  be  required,  which  should  be  made  at  intervals  of  one 
week.  The  cost  of  the  wash,  at  the  ordinary  retail  price  for  the  soap 
(10  cents  per  pound),  is  2  cents  per  gallon. 

Very  weak,  solutions  may  be  made  effective  if  used  at  frequent  short 
intervals,  but  the  labor  and  expense  of  making  the  numerous  applica- 
tions required  will  be  very  great. 

A  solution  of  1  pound  to  5  gallons  will  not  injure  the  trees,  but  may 
cause  the  blossoms  to  drop.  No  directions  can  be  given  as  to  the 
greatest  strength  of  solntion  that  can  be  used  upon  blooming  trees  with- 
out loss  of  fruit,  as  this  depends  largely  upon  the  condition  of  the  tree. 
Solutions  of  1  pound  to  10  gallons  can  probably  be  safely  used^  in  most 
cases,  and  will  be  effective  if  several  applications  are  made  at  intervals 
of  a  few  days. 

Sulphur. — ^The  Mites,  both  adult  and  young,  are  very  sensitive  to  sul- 
phur, and  are  readily  killed  by  it  in  any  form  in  which  it  can  be  made 
to  act  upon  them.  The  eggs,  however,  are  not  readily  affected,  and 
even  survive  an  exposure  to  the  fumes,  which  will  kill  the  plant.  Fu- 
migation cannot  be  resorted  to  without  extreme  danger  to  the  life  and 
health  of  the  tree.  The  finely  powdered  (sublimed)  flowers  of  sulphur 
does  not  affect  the  plant.  It  adheres  more  readily  than  might  be  sup- 
posed to  the  smooth  surface^  of  the  leaves,  and,  especially  when  they 
are  roughened  by  the  Mites,  it  is  not  entirely  w'ashed  away  by  heavy 
rains.  Although  it  does  not  kill  the  eggs,  it  effectually  exterminates 
the  free  Mites,  which  are  sure  to  come  in  contact  with  it  in  their  wau« 
derings,  and  if  it  can  be  made  to  remain  upon  the  plant,  the  young 
they  hatch  are  also  destroyed. 
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^  Doiren  of  sulphur  mast  therefore  be  regarded  as  one  of  the  cheapest 

t  tod  most  effective  remedies  for  Bast-mite,  and  it  may  be  used  to  great 
sdvantage  in  connection  with  whale  oil  soap  or  other  insecticides.  It 
nwy  be  suspended  in  water  and  applied  in  spray.  With  proper  appli 
ances  the  dry  powder  may  be  sifted  or  blown  upon  the  foliage  when 
wet  with  dew  or  rain.  A  little  wheat  flour  added  to  the  powder  would 
iDcrease  its  adhesiveness. 

The  pharmaceutical  preparation  known  as  milk  of  snlphur  (precipi- 
tated), althoagh  a  mach  more  finely  divided  powder,  proves  inilder  in 
its  effect  upon  the  Mites,  and  its  cost  will  prevent  its  extensive  nse. 

EXPERIMENTS. 

(1.)  A  small  seedling  Orange  infested  with  Bnst-mite  was  covered 

with  a  nail-keg  and  famigated  for  ten  minutes  by  burning  one  ounce  of 

sulphur  under  the  keg.    All  the  Mites  were  destroyed,  but  the  eggs 

remained  alive  ten  days,  and  finally  dried  up  with  the  leaves  of  the 

plant,  which  was  entirely  killed. 

(2.)  Flowers  of  sulphur  dusted  over  infested  leaves  through  a  loosely 
woven  cloth.  Free  Mites  all  dead  in  twenty-four  hours.  Molting 
yoang  all  dead  in  three  or  four  days.  Eggs  not  killed  in  nine  days, 
but  young  Mites  killed  soon  after  hatching. 

(3.)  Ex[>eriment  l^o.  2  repeated  in  the  open  air,  and  leaves  allowed 
to  remain  on  the  tree.  Heavy  rains  on  the  second  day  did  not  remove 
all  the  sulphur.  Results  the  same  as  in  !No.  2.  Mites  all  killed.  Eggs 
Dot  killed. 

(4.)  Milk  of  sulphur  dusted  upon  the  leaves  through  muslin.  Effect 
less  powerful  than  in  Nos.  2  and  3,  but  Mites  in  the  end  all  killed. 
Eggs  not  killed. 

(5.)  Milk  of  sulphur;  two  ounces,  by  measuie,  of  the  powder  suspended 
iu  one  gallon  of  water.  Leaves  dipped  in  the  liquid,  when  dry  were 
lightly  coated  with  grains  of  sulphur.  Adult  Mites  dead  on  the  second 
day.    Some  molting  Mites  and  numerous  eggs  alive  on  the  second  day. 

(0.)  Leaf  with  Mites  confined  in  a  tight  box  with  another  leaf  on  which 
sulphur  had  been  dusted.  No  effect  after  twenty -four  hours.  On  the 
third  day,  however,  only  one  adult  Mite  appeared  to  be  aliv^.  In  six 
days  all  the  Mites  were  plainly  killed.     Eggs  not  killed. 

This  experiment  was  repeated  with  sulphur  scattered  in  the  bottom 
of  the  box,  and  precautions  taken  to  prevent  its  contact  with  the  Mites. 
Results  precisely  the  same  as  before. 

Xote. — By  confinement  in  very  tight  metal  boxes,  Mites  may  be  kept 
alive  between  one  and  two  weeks,  or  until  the  leaves  dry  up  or  mold. 
The  destruction  of  the  Mites  in  this  experiment  was  therefore  due  en- 
tirely to  the  slow  volatilization  of  the  sulphur. 

(7.)  Sulphuretted  hydrogen.  Leaves  dipped  in  water  strongly  im- 
pregnated with  the  gas.  In  twenty-four  hours  all  adult  Mites  were 
dead  or  dying.     In  thirty-six  hours  all  free  Mites  were  dead.    In  the 
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same  time  40  to  50  per  cent,  of  the  molting  Mites  died.    On  the  third 
day  many  molting  Mites  remained  alive.    Eggs  not  killed. 

The  above  solution  of  salphnretted  hydrogen  (snlphnr  water)  was  pie- 
pared  by  passing  through  two  gallons  of  water,  the  gas  given  off  by 
three  ounces  of  sulphuret  of  iron,  treated  with  dilute  sulphuric  acid.* 

The  remarkable  results  obtained  with  sulphur  in  these  experimented 
and  especially  the  effect  of  the  gas  in  solution  upon  the  adult  Mites,  sug- 
gests the  use  of  water  from  the  sulphur  springs  which  abound  in  vaiions 
parts  of  Florida.  Although  it  cannot  be  supposed  that  these  natural 
waters  contain  a  sufficiently  high  percentage  of  the  mineral  to  render 
them  powerful  insecticides,  their  value  cannot  be  determined  without 
trial.  Persistent  applications  may  suffice  to  ultimately  exterminate  the 
Bust- mite  or  cause  its  disappearance  from  the  trees.  In  view  of  its  pas- 
sible importance  as  a  remedy,  those  who  have  access  to  natural  wrings 
or  who  now  use  flowing  wells  of  sulphur  water  for  the  purpose  of  irriga- 
tion, should  thoroughly  test  it  by  making  repeated  applications  at  short 
intervals. 

jEerotfene. — ^Emulsions  containing  66  per  cent,  of  kerosene  oil,  and 
diluted  with  water  ten  times,  as  in  applications  for  Scale-insects,  do  not 
kill  the  eggs  of  the  Bust-mite.  The  same  emulsions,  diluted  one  to 
twenty,  kill  nearly  all  the  mites,  but  do  not  kill  the  eggs.  Witb  dila- 
tions of  one  to  forty,  many  adults  escape  destruction.  En  all  the  ex 
periments  made  with  kerosene  upon  Scale-insects  the  trees  were  not 
cleared  of  Bust-mites.  They  usually  reappeared  in  numbers,  within 
five  or  six  days,  owing  to  the  hatching  of  the  eggs.  As  a  remedy  for 
Bust-mite,  therefore,  kerosene  is  not  as  effective  as  either  whale-oil  soap 
or  sulphur. 

In  making  applications  for  Scale-insect  it  is  advisable  to  render  the 
wash  effective  against  Bust-mite  also,  and  this  can  be  in  a  measure  ac- 
complished by  adding  sulphur. 

Experience  has  shown  whale-oil  soap  to  be  superior  to  condensed  milk 
in  forming  emulsions,  and  much  cheaper.  Emulsions  made  with  soap 
do  not  thicken  or  ferment,  as  when  milk  is  used. 

The  formula  given  in  the  preceding  chapter  (see  ante,  page  94)  gives 
the  best  results. 

The  emulsion  should  be  diluted  with  water  ten  times,  or  in  the  propor- 
tions 1  to  9,  and  applied  in  fine  spray. 

In  cases  where  an  application  is  needed  for  both  Scale-insect  and  Bust- 
mite  the  above  wash,  with  two  or  three  ounces  of  sulphur  added  to  each 
gallon  of  the  mixture,  forms  the  most  effective  combination  that  can  at 
present  be  devised.  It  is  best  applied  in  early  spring,  but  should  never 
be  used  in  midwinter  or  when  there  is  danger  from  frost 

Carbolic  Acid.— Several  experiments  with  crude  Carbolic  acid,  saponi- 
fied with  lard  oil  and  lye,  or  dissolved  in  strongly  alkaline  solutions, 

*A  solution  of  sulphuretted  hydrogen  may  be  very  simply  prepared  by  boiling  sul- 
phur in  lime-water.    (See  Sulphurated  Lime,  ante,  p.  98.) 
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powder  disables  and  finally  kills  the  Mites,  b'nt  they  are  not  as  Tiolently 
affected  as  many  of  the  higher  insects,  and  recover  fix>m  slight  applica- 
tions. 

Lime. — ^Not  the  slightest  effect  was  obtained  with  applications  of  lime, 
as  the  following  experiments  will  show : 

(1.)  FrefiThly  air-slaked  stone-lime  dusted  thickly  over  infested  leaves. 
Mites  continued  feeding  and  propagating  under  the  coating  of  lioie 
powder,  and  did  not  abandon  the  leaves  during  eight  days  in  which 
they  were  kept  under  observation. 

(2.)  Slaked  lime,  1  pint  measure  suspended  in  1  quart  water,  aud 
allowed  to  partly  settle.    Leaves  dipped  in  the  turbid  liquid.    No  in 
jurioua  effect  upon  the  Mites  or  their  eggs.    Adult  Mites  were  rendertil 
restless  by  fine  particles  of  lime  adhering  to  them,  and  all  left  the  leaven 
within  two  days,  but  were  not  killed. 

(3.)  Same  solution  as  No.  2,  clarified  by  standing  several  days.  Leaves 
dipped  in  the  clear  lime-water.  No  effect  whatever  during  eight  days* 
observation. 

A8h€s,^F\ue\y-Bifted  hardwood  ashes  dusted  upon  the  leaves  pro- 
duced no  eftect  whatever  upon  the  Mites,  and  did  not  seem  to  diseom 
mode  them  in  the  least. 

The  above  experiments  were  made  in  December,  during  continued 
cold  weather,  which  retarded  the  development  of  the  Mites  and  inter- 
fered somewhat  with  observations  as  to  hatching  of  the  eg^s  under 
treatment. 

CAUTION. 

There  is  danger  in  applying  penetrating  liquids  to  orange  trees  dnr 
iug  the  winter.  First,  because  any  shock  to  a  dormant  tree  is  apt  to 
start  the  buds  and  induce  new  growth  at  a  time  when  there  is  danger 
of  frost.  Secondly,  »  succession  of  cold  nights  and  cloudy  days,  such 
as  frequently  occurs  in  severe  winters,  following  immediately  after  an 
application,  will  increase  to  an  injurious  extent  its  effect  upon  the  plant, 
by  preventing  evaporation  of  the  liquids  used,  and  allowing  them  to 
remain  too  long  in  contact  with  the  leaves  and  bark.  Serious  loss 
is  liable  to  follow  a  disregard  of  this  warning. 


CHAPTER  IX. 

nrhbotb  affecting  the  boot.  crown,  teunk,  and 

branches. 

hbbots  affectiho  the  root  and  grown. 

TAP-BOOT  BORERS. 

A  grab  or  ^^  Sawyer"  i.s  sometimes  foand  boring  into  the  tap-root  of 
tlie  Orange.  No  specimens  have  been  examined^  bat  from  the  descrip- 
tions given  by  competent  observers,  it  can  only  be  the  larva  of  some 
loDgioom  beetle  of  moderately  large  size. 

Mr.  William  H.  Ashmead,  in  the  Florida  Agriculturist,  February  IG, 
1881,  mentions  and  gives  a  figure  of  a  larva,  which  is  possibly  that  of 
Okiom  einctus  (Drury),  found  boring  in  the  tap-root  of  a  Bitter  sweet 
orange  tree.  It  was  only  discovered  upon  taking  up  the  tree  in  order 
to  transplant  it,  and  may  therefore  be  presumed  to  have  done  little 
damage. 

A  larva  which  appears  to  belong  to  this  species  has  also  been  sent  in 
Orange  roots  to  the  Department  of  Agriculture  from  Florida. 

Other  borers  of  this  numerous  and  destructive  family  are  likely  to 
oocor  in  the  trunk  and  branches,  as  well  as  in  the  roots  below  the  sur- 
face of  the  ground.  It  is  difficult,  without  a  previous  knowledge  of 
tbeir  habits,  to  suggest  a  remedy  for  these  subterranean  borers,  but 
should  they  at  any  time  become  troublesome  they  may  be  removed  by 
uncovering  the  roots  and  destroying  the  borer  in  its  gallery  with  a 
pointed  wire. 

WHITE  ANTS  OB  "  WOOD-LICE.'' 

HabUi. — ^Termites  or  white  ants  are  small,  soft  bodied  insects  resem. 
bling  ants  and  living  in  numerous  colonies.  They  shun  the  light  and 
travel  to  great  distances  through  galleries  constructed  beneath  the  sur- 
fiice  of  the  ground.  They  feed  for  the  most  part  upon  dead  wood  and 
decaying  vegetable  matter,  but  sometimes  attack  living  plants,  espec- 
ially those  parts  which  lie  below  the  surface  of  the  ground.  A  certain 
amount  of  moisture  is  necessary  to  their  existence,  and  very  dry  wood 
is  nsually  tree  from  their  attacks. 
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[Fig.  46.] 

This  species  is  common  Arom  Maine  to  Texas,  and  is  especially  abun- 
dant in  the  Sonth,  where  it  invariably  attacks  wood  buried  in  or  lyi  og- 
npon  the  ground. 

Each  colony  consists  of  numerous  workers,  among  which  are  several 
distinct  forms,  and  a  few  males  and  females.  The  females  never  lea^v^e 
tbe  home  nest,  but,  like  the  queen  of  the  honey  bee,  devote  themselvr^B 
to  producing  eg^^s,  which  are  hatched  and  cared  for  by  the  workers. 

The  central  hest.'^,  in  which  are  hived  the  queens  and  eggs,  are  raie^l^ 
discovered,  but  generally  exist  in  deeply-buried  roots  or  in  the  hearts 
stumps  and  logs  of  the  largest  size. 

The  workers  extend  their  operations  to  immense  distances,  and, 
search  of  food,  excavate  slender  subterranean  galleries,  hundreds  ai 
even  thousands  of  feet  in  length.    It  is,  therefore,  practically  imposes. 


Fio.46.— l\Brm«f/av<j»M.'  a,  luTft;  d^jdnged male ;  e, worker;  d, soldier;  e,  largo  f emalo ; /, nyupb*- 

(From  the  Am.  £nt,  VoL  II.) 

ble  to  trace  these  galleries  to  their  source,  and  by  finding  and  destroy- 
ing the  brood  nest  to  break  up  a  colony. 

Twice  each  year,  in  spring  and  fall,  multitudes  of  winged  males  and 
females  are  produced,  which  swarm  forth  during  the  cooler  parts  of  the 
day  or  after  rains,  and  fill  the  air  with  their  fiutteriog  forms.  Most  of 
these  fall  a  prey  to  birds,  reptiles,  insects,  and  other  predatory  animals, 
but  many  escape,  and,  after  coupling,  lose  their  wings,  and  in  pairs  seek 
suitable  places  in  which  to  found  new  colonies. 

Injuries  to  Orange. — Owing  to  their  subterranean  habits  and  avoid- 
ance of  light,  Termites  are  very  insidious  foes.  Their  vast  numbers  en- 
able them  to  very  quickly  accomplish  the  work  of  destruction,  so  that 
often  the  finding  a  tree  in  dying  condition  is  the  first  intimation  which 
the  orange-grower  receives  of  their  presence,    Upon  removing  the  earth 
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On  mulching  and  the  use  of  decaying  Wood  as  a  Fertilizer  in  the  Ore^t 
Qrove. — A  malch  of  mack,  leaves,  grass,  pine-straw,  succulent  Tegetable 
matter,  and  even  well-rotted  and  disintegrated  wood  from  old  brosh 
piles,  does  not  in  itself  attract  Termites,  and  its  nse  is  not  attended  with 
any  danger,  provided  it  is  not  piled  against  the  trank  of  the  tree,  thA 
crown  of  which  should  in  all  cases  be  left  exposed  to  the  air.  It  is  well 
to  maintain  an  open  space  immediately  about  the  tree,  and  the  mulch- 
ing should  not  be  allowed  to  approach  nearer  than  six  or  eight  inches 
to  the  trunk  on  any  side. 

The  practice  of  bringing  brush,  logs,  and  chips  of  wood  into  the 
orange  grove,  and  either  buryfng  or  allowing  tliem  to  rot  upon  the 
ground,  is  hazardous,  and  will  surely  attract  and  colonize  Termites, 
which,  under  any  circumstances,  must  be  considered  dangerous  aud 
undesirable  neighbors  for  orange  trees.  If  disintegrated  wood  is  used 
at  all  as  a  fertilizer,  all  solid  fragments  should  be  carefully  excluded. 

Deep  planting. — This  is  a  most  frequent  cause  of  trouble,  and  shoold 
be  obviated  by  raising  the  trees  too  deeply  set.  In  cultivating,  also,  the 
tendency  of  the  earth  to  heap  about  the  trees  should  be  corrected  by 
turning  the  furrows  toward  the  centers  between  the  rows,  or  by  drawing 
back  the  earth  with  the  hoe. 

Remedies. — Exposure  to  Light  and  Air. — As  Termites  require  for  their 
existence  darkness  and  moisture,  on  discovering  their  attacks  the  first 
step  should  be  to  remove  the  earth  about  the  afifected  parts,  and  uncover 
the  crown  and  root  to  a  depth  of  several  inches,  at  the  same  time  re- 
moving with  the  knife,  as  far  as  possible,  all  the  dead  wood  aud  bark, 
and  exposing  their  galleries  to  the  drying  action  of  the  air.  In  cases 
of  slight  attack  this  will  generally  suffice  to  drive  them  away. 

Rot  Water. — If  the  galleries  extend  too  deeply  into  the  wood  to  be 
readily  uncovered  with  the  knife,  or  if  a  numerous  colony  is  found  to 
have  established  itself  at  a  considerable  depth  beneath  the  surface,  a 
liberal  application  of  hot  water  will  usually  reach  and  destroy  them 
without  injury  to  the  tree. 

Pifrethrum. — Termites  are  exceedingly  sensitive  to  the  action  of  this 
insecticide,  and  are  invariably 'killed  by  contact  with  the  powder.  It 
may  be  used  to  great  advantage  whenever  it  can  be  brought  into  con- 
tact with  the  insects.  Pyrethrum  loses  its  properties  rapidly  on  expos- 
ure to  the  air,  and  although  it  retains  its  power  for  a  longer  time  when 
covered  with  earth,  it  remains  effective  for  a  few  days  only,  and  cannot 
be  relied  upon  to  permanently  protect  the  plant  from  the  attack  of  this 
or  other  insects. 

Penetrating  Liquids. — Kerosene  in  emulsion  is  very  effective,  and  may 
be  safely  used  in  moderate  quantities;  but  all  penetrating  oils  should 
be  applied  with  great  caution  to  the  roots  of  plants. 

Bisulphide  of  carbon  is  most  useful  for  destroying  colonies  remote 
from  the  trees,  but  is  far  too  daugerou:^  a  substance  to  use  upon  or  near 
the  roots.    The  central  nest,  when  its  position  is  known,  may  be  broken 
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op  aDd  the  qaeeos  destroyod  by  i)oaringafew  oancesof  the  liquid  iuto 
the  galleries,  or  into  si  hole  made  by  a  stake  driven  as  close  to  the  nest 
as  possible.  The  hole  should  then  be  closed  with  earth  to  insure  perco- 
lation of  the  vapor  through  the  soil. 

A$he9j  Lime,  and  Sulphur  are  without  effect  in  protecting  orange  trees 
from  the  atUieks  of  Tcrmiles.  In  the  cases  where  these  substances  have 
seemed  effective  in  driving  them  away  the  resulthasbeeuiaccomplished 
simply-  by  the  disturbance  to  their  mines  and  exposure  to  the  drying 
action  of  the  air. 

Ingra/tii^  Scions. — Trees  completely  ff irded  by  Termites  may  be  saved, 
if  taken  in  time^  by  inarching  scions  between  the  root  below  and  the 
8tock  above,  thus  rostablishing  the  connection  between  the  two.  The 
tree  will  in  time  restore  the  eroded  bark,  .and  the  scions  may  be  allowed 
to  rem«un  or  may  be  afterwards  cut  out. 

Supplementary  stocks  may  also  be  planted  close  to  the  injured  tree, 
and  grafted  in  above  the  girdled  2>ortion,  to  sustain  the  life  of  the  trunk 
and  enable  it  to  restore  the  severed  connection.  A  poultice  of  mud  and 
cow  dang,  applied  to  the  injured  part,  will  protect  it  and  materially  as* 
sist  the  formation  of  new  wood  and  bark. 

OALOTERMKS  CASTAKEUS. 

A  second  sx>ecies  of  Termite,  somewhat  larger  than  TermesflavipeSj  but 
otherwise  closely  resembling  it,  has  been  found  in  decaying  branches 
and  stamps  of  orange;  but  as  far  as  its  habits  have  been  observed  it  is 
a  tree-inhabiting  species,  seldom  forming  very  large  colonies,  and  not 
likely  to  do  injury  to  growing  plants,  as  it  prefers  very  dry  wood,  and  is 
most  freqaently  found  in  dead  branches  from  the  tops  of  forest  trees. 
Should  it  prove  injurious  to  the  orange  it  will  probably  require  the  same 
treatment  as  the  related  species. 

OrSEOTS  AFPEGTINO  THE  TBUVK  ASD  BBAEOHES. 

COLEOPTEBO  U8  BORERS,     * '  SA  WYEBSJ* 
THE  COMMON  OSANOE  SAWYEB. 

{Maphidion  inerme  Newman.) 

[Fig.  47.] 

The  larvfle  of  this  beetle  are  cylindrical,  whitish,  fleshy  grubs  or 
sawyers,  with  rudimentary  legs,  which  cannot  be  of  much  assistance  to 
the  animal  in  moving  about,  and  a  pair  of  strong  short  jaws.  As  with 
most  borers  of  this  family,  the  head  is  small  and  can  be  withdrawn  en- 
tiidy  into  the  body.    The  first  body-joint  is  somewhat  enlarged,  and 
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covered  above  witb  miuate  homy  aaperttjes,  which  are  pressed  agumt 
the  'walls  of  the  barrow,  and  serve  to  bold  the  bod;  firmly  in  place  vhile 
the  jaws  are  forced  into  the  wood.  The  fall-grown  larva  is  aboat  one 
inch  in  length. 

The  pnpa  is  formed  in  the  gallery,  in  a  rnde  cell  made  by  pnsliiiK 
aside  the  chips  with  which  the  larva  stops  ap  all  the  approaches  to  its 
barrow. 

The  perfect  insect  has  a  long,  cylindrical  body  with  rather  rongblr 
pitted  sar&ce ;  the  color  is  dark  brown,  dasted  densely  beneatli,  bat 


Fia.  t7.—£laphldion 


tOriglaa.) 


irrefTolarly  above,  witb  fine  ash-gray  hairs ;  the  anteniiie  are  not  longet 
than  the  body.  The  length  varies  from  11"""  to  IS""  {-i^fetOiW  inub); 
the  males  are  smaller  than  the  females. 

Fig.  48  iUnstrates,  in  all  its  stages,  Elapkidion  paraltetum  Newm.,  a 

closely  allied  species,  which  lives  iu  northern  frnit-trees,  and  has  habits 

similar  to  the  Orange  Sawyer,     In  the 

^^^,   ^^^^^*^^9fln|     figure,  a  represents  the  larva;   b,  the 

^t^  "^ffwtft^^BBi^     pupa  in  its  cell;  c,  the  perfect  insect; 

d,  the  head ;  e,/,  and  g,  the  month  parts; 

and  h,  theautennaof  the  larva,  enlarged; 

i  audj  show  details  of  the  antenna  and 

tip  of  the  wing-cases,  respectively,  in 

the  imago ;  Jc,  the  end  of  the  twig  which 

contains  the  borer. 

The  larvffiof  this  beetle  are  more  i>rup- 
erly  scavengers  or  pruuers,  feeding  by 
preference  npon  dead  braDcbes,  not  only 
of  Orange,  bat  also  of  Hickory  and  other  bard-wood  trees,  and  confin- 
ing themselves  to  the  dry  and  lifeless  wood,  unless  compelled  by  hanger 
to  enter  the  living  portions  of  the  plant. 


Fia.  W.—EtnphidUn  paraBtbim  Newm. 
a,  Urvai  6.  chryuli*  In  twl^;  c.  niliil 
beetle:  d.  <,/,;.  Ik.  headniid  mouth  pRrt 
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The  injarieB  cuased  by  them  result  from  careless  praniDg,  and,  espe- 

cmlly  in  the  case  of  budded  nursery  trees,  from  leaving  untrimmed  the 

dead  end  of  the  stock  above  the  insertion  of  the  bud.    These  dead 

stubs  attaract  the  mother  beetle,  and  she  deposits  one  or  two  eggs  in 

each. 

The  grabs  that  batch  confine  themselves  to  the  dead  ends  until  they 
ue completely  hollowed  out  and  reduced  to  mere  shells,  filled  with  saw- 
dust Bat  if  the  supply  of  dead  wood  fails,  they  are  forced  to  descend 
into  the  living  stock  below,  and  thus  weaken  the  bud  if  they  do  not  kill 
^      it  outright,  undermining  the  tissues  which  support  it. 

Proieeium  afforded  the  Tree  by  its  Oum. — Very  frequently  ^he  larva  in 
penetrating  the  living  tissues  causes  its  own  death  by  suffocation  ft'om 
the  flow  of  gum,  which  rises  in  the  gallery,  filling  it  to  the  top.    This  is 
particolarly  apt  to  occur  in  the  case  of  Lemon,  Citron,  and  others  of  the 
dtnu  flEUDily,  which  produce  an  abundance  of  gum.    When  in  vigorous 
oonditioD  the  trunk  of  the  Orange  is  perfectly  protected  by  its  gum  from 
the  attacks  of  boring  Coleoptera,  and  it  is  only  endangered  when,  from 
lott  of  vitality,  such  as  follows  transplanting  or  disturbance  from  dis- 
ttfle,  attacks  of  Scale-insects,  &c.,  the  circulation  of  sap  and  the  flow  of 
gom  are  decreased. 
Jfeeeuary  Preeautions.-^lt  follows  from  what  has  been  said  that  dead 
h'mhs,  especially  the  dead  ends  of  budded  stocks,  should  be  carefully 
trimmed  off,  back  to  and  even  with  the  healthy  wood.    Trees  trans- 
planted during  an  unfavorable  season,  and  which  do  not  get  a  good  or 
early  start,  are  apt  to  die  back  and  present  dead  ends,  which  attract 
borers.    Such  trees  need  to  be  closely  watched  and  kept  pruned  until 
their  vigor  is  restored. 

When  trees  of  large  size  are  cut  off  and  budded,  the  entrance  of  bor- 
ers in  the  ends  of  the  stump  or  large  branches  should  be  prevented  by 
protecting  them  with  a  coating  of  shellac  or  grafting-wax.  It  is  also 
well  to  allow  a  few  suckers  to  grow  for  a  time  on  the  side  opposite  the 
bod,  in  order  to  preserve  a  healthy  flow  of  sap  on  this  side  and  encour- 
age the  more  rapid  formation  of  wood  and  bark  over  the  exposed  heart 
wood. 

It  is  in  consequence  of  ^he  sluggish  flow  of  sap  and  drier  condition 
of  the  wood  on  the  side  opposite  the  growing  shoot  or  bud  that  this  side 
of  a  budded  trunk  is  particularly  exposed  to  the  attacks  of  borers ;  and 
most  of  their  damage  is  done  by  undermining  and  killing  the  bark,  with 
long  galleries  running  down  one  side  of  the  tree. 

Means' of  destroying  the  Borers. — Should  the  borer  be  found  to  have 
]ieuet  rated  the  wood  beyond  the  reach  of  the  knife,  no  simpler  method 
of  destroying  it  can  be  suggested  than  the  old  one  of  following  it  to  the 
bottom  of  its  retreat  with  a  piece  of  annealed  wire  sharpened  at  the  end. 
If  the  wire  is  also  slightly  hooked  at  the  end,  the  sawyer  may  generally 
be  polled  oat  and  removed  bodily. 
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THE  TWIGOmDLEB. 
{Onadere*  cingniatug,  9a;}. 
[Fi^  49  and  50.] 
This  beetle  fa  injnrions  to  frnit  and  timber  trees  in  all  parts  ot  cX>^ 
soutbern  and  eaRtem  United  States.     Tbe  female  has  the  singula** 
liabit  of  cutting  oflF  twigs  and  branches  not  exceeding  three-fonrdis  ^^f 
an  inch  in  diameter  in  which  she  had  previoosly  depos 
ited  a  number  of  eggs.    Fig.  49  shows  the  insect  in  IImc 
act  of  catting  a  twig.    In  the  Sonth  the  Persimmon  sn  f- 
fers  most  sererely,  bat  Oak,  Hickory,  Cherry,  in  fact,  ilI  I 
bard-wood  timber  and  fmittrecs,  are  attacked,  m*i 
even  climbers  and  ligneous  shmbs  like  the  Rose  are  not 
exempt, 

Noextensive  depredations  npon  the  Orange  have  hith- 
erto been  reported,  bnt  iu  most  groves  ao  occasionil 
branch  is  ampatated.  The  loss  is  seldom  noticed  ei- 
cejit  in  yoniig  trees,  which  it  is  sometimes  provoking  lu 
find  deprived  of  their  leaders  of  the  previous  season'H 
growth.  The  cntting  is  so  cleverly  done  as  to  pass  for 
gwaiM.  (Afwr    ^  malicious  use  of  the  pruning  shears,  and  few  persons 

would  suspect  it  to  be  the  work  of  an  insect. 
The  beetle  is  about  16"""  (/^o  inch)  long,  rather  stout  and  cylindrical, 
dark  chocolate-browu  iu  color,  speckled  with  lighter  brown,  and  lightly 
covered  with  short,  gray  pubescence,  resembling  a  coat  of  bluish  dasl 
or  ]iruina,  denser  beneath  and  upon  head  and  thorax,  and  forming  a 
bron<1  transverse  band  upon  the  wing-cases.  The  antennie  of  the  female 
about  equal  the  body  in  length,  and  are  somewbut  longer  in  the  male. 
There  is  but  one  broud  each  year.  Tbe  eggs  are  laid  io  September  and 
October,  and  are  deposited  singly  beneath  the  bark,  usually  close  to  a 
bud.  [Fig.  40,  b;  e,  egg,  natural  size.]  After  placing  an  egg  under  each 
bud  for  a  distance  of  two  or  three  feet,  the  female  cats  off  tbe  branch 
containing  them  by  gnawing  around  it  a  deep,  narrow  groove,  so  nearly 
severing  it  firom  the  tree  that  it  falls  by  its  own  weight,  or  is  broken 
off  by  tbe  wind  and  falls  to  the  ground, 
where  it  obtains  the  moisture  necessary  to 
the  development  of  the  young.  Tbe  eggs 
hatch  into  white,  fleshy  larvfe  of  the  form 
common  to  wood-boring  beetles,  and  known 
in  tbe  Sonth  as  "Sawyers."  (Fig.  50,  a.) 
Tbe  larvfe  remain  nearly  a  year  feeding  upon 
tbe  wood  of  the  fallen  branch,  which  they 
riddle  with  their  galleries,  and  in  the  latter 
part  of  summer  form  within  the  wood  oval  cells,  in  which  they  trans- 
form to  pupa^  (Fig.  50,  b.) 
The  perfect  beeClea  appear  again  is  September.    They  are  very  ah^-, 


ft,  pupa.     (ACMir  KUcf.) 
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■nd  remain  perfectly  motiouless  when  disturbed.  Their  mixed  colore- 
tiou  of  ntutral  gray  and  brown  is  also  admirably  adapted  for  eonceal- 
ment  npou  sll  kinds  of  bark,  and  tb»y  are  therefore  not  easily  detected 
at  tbeir  work. 

Rmtdia.—Tbo  siinpltsi  means  of  destroying  this  pest  in  to  gather  up 
and  liarn  limng  the  winter  the  fnHen  branches  wbicli  have  been  cut  by 
tliem.aadvbich  contain  their  eggs  or  larv.T.  Where  persininion  bushes 
arc  itbuudAuC  this  will  prove  a  work  of  some  labor,  but  will  be  abso- 
latdy  ua'e3M>ir)'  if  the  Japan  persimmon  is  cultivated  for  profit. 

TliitGirrller  is  not  likely  to  prove  a  very  serious  i)e8t  to  the  Orange, 
bat  itbould  it  ever  become  such  some  advantage  may  be  gained  by  trap- 
prit^r  'lie  perfect  beetles  as  soon  as  they  begin  to  appear  in  the  fall. 
Ilm  eaa  be  done  by  means  of  sirup  daubed  upon  trees  and  fences. 
Tbe  sabred  spots  must  be  visited  at  night  with  a  lantern,  and  the 
iKeUea,  which  will  be  found  attracted  to  these  spots,  can  be  detected 
imj  destroyed.  The  sirup  may  be  mixed  with  a  little  beer,  wine,  or 
aJcobol  to  render  it  intoxicating,  so  that  tbe  beetles  fonnd  feeding  upon 
it  will  not  be  disturbed  by  the  light  of  the  lantern  and  try  to  escape. 

INJURIES  CAUSED  BY  ANTS. 

BOLBNOPSIS   XYLO»I  McCook. 

[Fig.  51.J 


i,  sBDin.  Kids  viaw  i  e,  same,  view  ot  bead ;  d,  qoem, 
■luKTiex.    |An«rUcCaak.) 

The  well-known  rarnivorons  habits  of  this  ant — it  is  one  of  tbe  com- 
□unest  and  most  efifective  destroyers  of  the  Ootton  Worm — would  lead 
18  to  reject  any  but  the  most  positive  and  direct  evidence  that  it  fed 
ipon  living  plants.  There  is,  nn fortunately,  no  room  to  doubt  that  it 
loe«  fr««|ueutly  and  seriously  injure  the  Orange  by  gnawing  away  the 
B521  o  I 9 
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bark,  and  causing  an  exadation  of  gam  which  seems,  at  certain  season 
of  the  year,  to  become  one  of  its  principal  sources  of  food-supply. 

In  obtaining  this  the  ant  is  led  by  its  instinct  to  make  incisions  at  Ae 
base  of  the  largest  and  most  vigorous  leaders  at  a  time  when,  having 
nearly  or  completely  attained  their  full  growth,  the  young  shoots  are  in 
process  of  hardening  and  ripening  their  wood,  and  the  flow  of  elaborated 
sap  to  these  parts  is  greatest,  giving  in  consequence  the  most  copious 
exudation  of  gum  from  a  wound. 

The  ants  make  their  attacks  in  force,  and  either  girdle  and  kQl  Uie 
shoots  or  cut  so  deeply  into  their  bases  that  they  bend  over  or  break 
off  by  their  own  weight.  Sometimes,  but  rarely,  the  ants  attack 
the  old  bark  of  the  trunk  and  larger  branches  and  gnaw  holes  in  it, 
eating  away  the  cambium  layer  without  waiting  for  gum  to  exnde. 
When  the  flow  is  very  copious  the  ants  bring  sand  and  mix  with  the 
gum.  This  enables  them  to  tunnel  into  it,  and  while  some  individoals 
are  continuing  the  excavation  in  the  bark  beneath,  others  are  penetrat- 
ing the  gum  thus  hardened  and  removing  it  piecemeal  to  their  nests. 

Habits  of  the  Ant. — Solenopsis  xylqni  is  a  mahogany-brown  ant  of  me- 
dium size.    It  is  very  pugnacious  and  stings  sharply.    It  lives  in  large 
colonies,  making  its  nest  in  the  earth,  and  after  raius  throwing  up  irreg- 
ular heaps  of  finely-granular. earth.    These  heaps  swarm  with  anta, 
amoug  which  are  seen  occasional  individuals  (workers  major)  with 
enormously  enlarged  heads.    It  is  exceedingly  fond  of  the  nectar  of 
plants  and  the  honey-dew  secreted  by  insects,  and  is  a  constant  attend- 
ant upon  Plant-lice  and  Lecanium  Scales  on  the  Orange.    During  the 
greater  part  of  the  year  it  is  attracted  by  them  alone,  and  its  visits  to 
the  trees  are  harmless,  but  in  October  and  November,  when  these  in- 
sect.^ are  scarce,  the  ant  turns  its  attention  to  the  gum  of  the  tree  itself 
During  these  months  the  summer  growth  is  hardening  and  the  bark  is 
full  of  elaborated  sap,  containing  a  large  amount  of  saccharine  matter. 
It  is  probably  in  this  condition  only  that  the  ants  find  it'  palatable  and 
accept  it  in  lieu  of  their  ordinary  food. 

Destroying  Colonies. — When  not  too  near  the  tree,  bisulphide  of  carbon 
may  be  used  in  breaking  up  colonies  of  this  ant  in  the  same  manner 
as  recommended  for  those  of  Termites.  Pyre  thrum  powder,  to  the  ac- 
tion of  which  they  are  very  susceptible,  stirred  into  the  soil  about  and 
within  their  nest  kills  great  numbers  of  the  ants  and  frequently  causes 
the  survivors  to  abandon  the  premises.  Naphthaline,  in  the  form  of  a 
crystalline  powder,  used  in  the  sanie  way  is  equally  effective  in  break- 
ing up  colonies.  After  frosty  nights  in  winter,  when  the  sun  shines 
warm  on  the  following  morning,  the  ants  come  out  of  the  ground  and 
gather  in  clusters  under  fallen  leaves  or  other  objects  affording  them 
protection  from  the  wind  with  exposure  to  the  warmth  of  the  sun.  At 
such  times  an  excellent  opportunity  is  afforded  to  destroy  the  entire 
colony  by  raking  over  the  ground  about  the  nests,  at  the  same  time 
spraying  the  disturbed  ants  with  kerosene  or  dusting  them  with  pyreth- 
rum« 
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\s  of  preventing  the  Ants  from  ascending  the  Trees. — When  they  have 

0  attack  a  tree  it  is  with  extreme  difBcalty  that  thoy  can  be  per- 
Ijr  driven  oflf.  Pyrethrum  dusted  over  those  upon  the  tree,  and 
id  over  the  ground  about  its  base,  kills  all  the  ants  with  which 
;  in  contact,  and  affords  temporary  relief,  but  its  effect  is  not 
and  it  does  not  always  prevent  their  return.  Coating  the  raw 
tb  shellac  and  protecting  the  trunk  with  a  band  of  tar  and  other 
ibstances  cannot  be  permanently  relied  upon  to  keep  them  off. 
hn  Lubbock,  in  his  work  on  Ants,  Bees,  and  Wasps,  speaks  of 
\  nests  of  ants  "  by  fur,  with  the  hair  pointing  downwards,^ 
we  not  told  what  kind  of  fur  was  used.  A  broad  band  of  fur 
md  the  trunk  of  the  tree,  and  with  the  hair  pointing  downwards, 
lal  in  preventing  tbeir  ascent.  The  skin  of  the  rabbit  has  been 
h  success,  but  probably  that  of  any  fur-bearing  animal  would 

>es  not  form  a  barrier  absolutely  impassable  to  ants,  and  they 
[uently  clamber  through  a  very  narrow  band,  but  they  expe- 
reat  difficulty  in  making  their  way  against  the  hairs,  and  almost 
ly  become  confused  and  turn  back,  if  the  distance  exceeds  1  or 

lore  simple  and  almost  as  effective  is  a  barrier  of  chalk.  This 
d  by  rubbing  a  lump  of  dry  chalk  over  the  bark  to  form  a  band 
8  inches  wide,  and  completely  encircling  the  trunk.    In  at- 

1  to  cross  such  a  band  the  unts  nearly  always  slip  and  fall  to 
nd.  The  fine  interstices  of  the  bark  are  filled  with  loose  grains 
,  in  which  their  claws  find  a  very  treacherous  support.  While 
il  dry  the  chalk  band  is  well-nigh  impassable  to  ants  of  the  size 
^ht  of  the  Solenopsis,  but  dews  at  night,  orrains,  and  the  moist- 
lie  atmosphere  in  a  short  time  change  the  character  of  the  sur- 
;ausing  the  grains  of  chalk  to  cohere  with  sufficient  firmness  to 
the  weight  of  the  insect  and  they  then  cross  it  in  safety.  The 
Einnot,  therefore,  be  regarded  as  a  permanent  one  and  requires 

renewal,  but  it  may  be  resorted  to  temporarily  when  a  piece  of 
t  at  hand. 

oft,  fine  clay,  fuUer's-earth,  or  talc  may  be  substituted  forchalk, 
1  cases  must  be  applied  by  rubbing  on  from  a  dry  lump.  Good 
annot  be  obtained  by  using  any  of  these  substances  in  powder, 
8  a  whitewash  applied  with  a  brush. 


CHAPTER  X. 

INBEOTS  AFFECTING  THE  TWIGS  AND  LEAYBS. 

nrsEOTS  OF  the  OEDEE  HTMEVOPTEEA 

LBAP-EATIKG  ANT. 

{Monovnorium  carbanarium  Sm.) 

A  small  black  ant  eats  holes  in  the  leaves  of  orange  trees  when  thej 
are  very  young  and  tender,  but  seldom  does  any  damage  beyond  de- 
stroying a  leaf  or  two,  which  in  most  cases  the  plant  can  very  well 
spare.  Should  this  ant,  however,  become  destructive,  it  may  be  com 
batted  in  the  same  way  as  the  Solenopsis  mentioned  in  the  precediDg 
chapter.  A  band  of  fur  around  the  trunk  of  the  tree  will  prevent  their 
ascending. 

nrsECTS  OF  the  oedee  coleopteea. 

BBAOHTS  OVATA  (Web.). 

This  small  beetle,  belonging  to  the  family  Buprestidse,  is  frequently 
met  with  upon  the  leaves,  in  which  it  occasionally  eats  small  holes. 
The  beetle  is  5"°»  (^  inch)  long  and  nearly  the  same  in  width.  The 
body  is  flattened,  or  very  slightly  convex,  and  shield-shaped.  The 
color  is  a  mixture,  finely  mottled,  of  dark  and  light  bronze.  When  dis- 
turbed, the  legs  are  drawn  into  grooves  in  the  under?iide  of  the  body 
and  the  beetle  falls  to  the  ground,  where  it  bears  a  remarkably  close 
resemblance  to  the  seedsof  some  of  the  common  wild  vetches.  Thebeetle 
has  not  hitherto  been  known  to  do  appreciable  damage  to  plants  of  the 
citrus  family.  Its  natural  food  is  the  Oak,  upon  which  its  strangely-flat- 
tened larvse  live  as  leaf-miners,  excavating  galleries  in  the  narrow  space 
between  the  upper  and  lower  surfaces  of  the  leaves,  and  feeding  upon 
the  parenchyma. 

13d 
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PXO.  62.  — ^ofo- 
lomui  batalis. 
(Original.) 


ODONTOTA  BUBBA  (Web.) 

A  beetle  of  the  leaf-eating  family  Glirysomelidsd  is  occasionally  found 
eating  the  leaves  of  Orange,  but  never  to  an  injurious  extent.  Like  the 
precediDs^y  its  larva  is  a  leaf- miner,  and  is  found  on  various  plants, 
bat  not  opon  the  Orange. 

NOTOLOMtrs  BASALis  Lecoutc. 

[Fig.  52.] 

A  weevil  or  snout-beetle  (family  Curculionidce)  of  small 
»ize  and  li^ht.  straw  color,  frequently  found  upon  the 
trees,  osaally  hiding  in  dead  leaves  or  tangles  of  spider- 
web.  It  has  been  seen  to  eat  the  leaves  and  tender  bark, 
bot  it  nibbles  rather  than  feeds  upon  the  Orange,  and 

cannot  be  convicted  of  doing  serious  harm.  When  the  Orange  is  in 
bloom  the  beetle  is  quite  common  upon  the  flowers,  and  it  feeds  upon 
the  x>ollen  and  nectar  without  injury  to  the  plant.  The  early  stages 
are  not  known,  but  it  is  suspected  of  a  connection  with  the  Saw-pal- 
mettoy  apon  the  bloom  of  which  the  beetle  is  always  found  in  abund- 
ance. 

THE  OBANOE  LEAF-NOTCHEB. 

{Artipus  floHdanus  Horn.) 

fFig.  53.] 

This  is  a  snout-beetle  of  bluish-white  color,  stout,  cylindrical  form, 
&^  {\  inch)  in  length.  It  is  said  to  eat  jagged  notches  in  the  edges  of 
orange  leaves  (see  Report  of  Commis- 
sioner of  Agriculture  for  1879,  p.  207), 
and  was  also  found  by  Ashmead  on  the 
Florida  Keys  feeding  upon  the  Lime 
and  other  plants.  (Orange  Insects,  p. 
62.)  The  beetle  is  confined  to  the  penin- 
snlaof  Florida,  and  is  rare  except  in  the 
extreme  southern  portions  of  the  State. 


.  53.  —  Artiput  Jloridaniu,  and  onoiffe 
taf  with  elites  Koawed  by  the  baetla. 


Fio 
leaf 
(A  fter  Comfltook.) 


PACHN-firxTS  OPAI.US,  Olivier. 

A  weevil  similar  in  form  and  color 
to  the  preceding,  but  one-half  larger. 
Ashmead,  in  his  Orange  Insects,  p.  61, 
says :  ^^  This  weevil  was  caught  by  me 
in  great  quantities  in  South  Florida  on  the  Keys,  feeding  on  the  leaves 
of  the  lime-tree  (Citrus).  I  also  found  it  eating  the  leaves  of  Baccharia 
kalimifolia  and  Borrichia  frutesoenSj  which  I  think  are  its  natural  food 
plants."    It  is  certainly  very  rare  on  the  mainland,  and  does  not  occur 
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in  the  northern  part  of  the  State.  Both  this  and  the  preceding  spedes 
may  be  reiooved,  as  suggested  by  Mr.  Ashmead,  by  shaking  them  from 
the  trees  into  cloths  spread  to  receive  them.  They  fold  up  their  legs 
and  simulate  death,  when  disturbed.  The  early  stages  of  both  species 
remain  unk^nown. 

nrsECTS  OF  the  oedeb  oethopteea. 

THB  ANOULAB-WIN6ED  KATYDID. 

{Mierocentrum  retinerve  Burm.) 

(Plate  IX.) 

This  large,  green  grasshopper,  common  in  all  parts  of  the  United 
States,  has  been  exhanstively  studied  by  Professor  Riley,  and  its  full 
history  detailed  in  his  sixth  Missouri  report.  It  has  been  several  times 
noticed  in  reports  of  the  Department,  and  is  quite  fully  treated  in  the 
report  for  1880.  The  eggs — large  oval  objects,  flattened  like  flax-seed 
and  dark  gray  in  color,  are  placed  overlapping  each  o^her  in  a  row  aloDg 
the  edge  of  an  orange  leaf,  or  are  deposited  in  two  parallel  rows  along  a 
twig.  There  are  two  broods  each  year.  Eggs  laid  in  December  hatch 
in  January  or  February,  The  young  complete  their  growth  in  eight  or 
nine  weeks.  The  eggs  of  the  second  brood  begin  to  appear  in  May,  and 
are  continually  being  deposited  during  the  summer.  Young  of  the  sec- 
ond brood  are  first  seen  in  July. 

Throughout  their  lives,  the  Katydids  feed  upon  the  Orange.  The 
young  confine  themselves  to  the  tender  foliage,  but  the  adults  often 
gnaw  the  bark  of  growing  shoots  and  leaders,  and  thus  inflict  very 
serions  injuries.  Occasionally  a  tree  is  almost  defoliated  by  Katydids, 
apd  this,  of  course,  happens  most  frequently  in  the  case  of  young  trees ; 
but,  owing  to  the  luxuriance  of  its  foliage  and  the  rax)idity  with  which 
the  orange-tree  renews  its  lost  leaves,  the  damage  done  by  these  insects 
is  rarely  sufficient  to  repay  the  cost  of  fighting  them.  Young  groves 
should,  however,  be  protected  from  their  attacks,  and  early  in  the  winter 
the  trees  should  be  examined  and  the  leaves  with  eggs  upon  them  re- 
moved. The  young  may  very  readily  be  killed  by  dusting  the  foliage 
with  pyrethrum  powder. 

Egg-pabasite  op  the  katydid. — {Eupelmtia  [Antigaster]  mirahUUj 
Walsh.)— (Plate  IX,  Fig.  2,  female;  Fig.  2a,  male.)*-The  eggs  of  the 
Katydid  are  very  frequently  found  with  a  small,  round  hole  cut  through 
the  side.  This  is  the  exit-hole  of  the  parasite  which  is  hatched  and 
bred  within  the  egg  of  the  Katydid,  feeds  upon  its  contents,  and  in  due 
course  issues  forth,  a  four-winged  fly.  The  larva,  like  that  of  most 
Hymenopterous  parasites,  is  a  transparent,  white,  footless  grub;  the 
pupa  of  the  female  is  flattened,  and  is  very  curiously  packed  in  its  nar- 
row quarters,  so  that  it  exactly  fills  the  space  within  the  egg-shell.    To 


THE   LUBBER   iaKASSHOPPEE. 


135 


aooomplish  this,  the  abclomcu  and  legs  are  folded  back  over  the  body, 
and  it  is  remarkable  that  the  perfect  insect  retains  through  life  the  power 
of  thus  rolling  itself  up  into  a  ball.  In  the  imago  stage  the  two  sexes 
are  very  dissimilar.  The  female  has  clouded  wings,  the  body  shows 
metallic  reflections  of  purple,  green,  and  copper-bronze,  and  the  abdo- 
men is  black,  with  the  first  joint  white.  The  male  is  smaller  than  the 
lemale,  has  clear  wings,  and  is  uniformly  bright  metallic  green  in  color. 
It  has  not  the  power  of  rolling  itself  like  the  female. 

THE  LUBBER  GRASSHOPPER. 

(Bomalea  microptera  Serv.) 
(Fig.  54.) 


Fig.  54. — Tho  Labber  Graubopper.    (Attcr  Glover.) 

This  huge  locust  has  nomadic  habits,  and  wanders  about  in  search  of 
food,  attacking  almoKt  all  succulent  plants.  It  sometimes  does  damage 
to  orange  trees  b}'  feciling  upon  the  leaders  and  tender  shoots,  and  is 
at  times  sufficiently  abundant  to  become  a  serious  pest.  The  eggs  are 
laid  in  the  ground  and  hatch  in  Mifrch  or  April.  Tlie  yonn^  are  black, 
with  bright  yellow  markings.  For  several  weeks  after  leaving  the 
ground  they  are  gregarious,  each  brood  in  its  wanderings  keeping  to- 
gether and  gathering  at  night  in  a  cluster  upon  some  low  herbaceous 
plant.  This  habit,  with  their  conspicuous  coloration,  renders  it  an  easy 
matter  to  find  and  destroy  them  at  first.  Later  in  the  summer  they 
separate  and  become  scattered,  and  the  separate  individuals  must  then 
be  soQght  for  and  destroyed. 

Daring  its  growth  the  insect  several  times  changes  its  skin.  After 
the  final  molt,  which  takes  place  in  July  or  August,  its  appearance  is 
entirely  changed.  The  colors  of  the  young  are  reversed  in  the  adult; 
yellow  becomes  the  predominant  color,  and  the  body  is  marked  with 
8iK>tsand  lines  of  black.  The  wings  are  tinged  with  pink;  they  are 
too  short  and  rudimentary  for  flight.    The  adult  insect  i«  nearly  5 
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incbes  long,  cxclasive  of  its  members ;  it  is  very  heavy,  dnmay,  and 
slow  in  its  movements. 

There  is  but  a  single  brood;  after  depositing  its  eggs,  in  September 
and  October,  the  insect  disappears  and  is  not  seen  again  until  the  young 
come  out  of  the  ground  in  the  following  spring. 

Absence  of  enemies. — The  Lubber  Grasshopper  has  no  known  enemies. 
l*reda<;eous  animals  cannot  be  induced  to  feed  upon  it,  and  doubtless 
its  juices  have  an  acrid  and  disagreeable  flavor.  Its  sluggish  habits, 
taken  in  connection  with  its  conspicuous  coloration,  show  that  it  has 
little  need  of  concealment,  and  that  it  does  not  fear  attacks  of  enemies. 
The  eggs  are  probably  preyed  upon  by  some  species  of  Bee-fly  {Bomhy- 
liidcc\  but  if  such  an  enemy  exists  it  remains  as  yet  undiscovered. 

Remedy. — So  hirge  and  conspicuous  an  insect  is  not  likely  ever  to 
prove  an  alarming  pest,  and  hardly  requires  elaborate  directions  for  its 
management.  If  care  is  taken  to  destroy  the  young  broods  by  tramp- 
ling upon  them  when  (hey  appear  in  early  summer,  and  before  they 
have  scattered,  there  will  be  an  end  to  anxiety  from  this  source  for  the 
season,  and  with  a  little  ])ains  taken  at  the  proper  time  for  two  or  three 
successive  seasons  a  farm  may  be  entirely  rid  of  these  'hoppers,  even  if 
previously  much  infested  by  them. 

OTHER  LOCUSTS  (AcridUdce). 

The  various  species  of  Acridiidte,  grasshoppers,  as  they  are  com- 
monly called,  nibble  the  leaves  ot*  orange  tn»es,  but  do  serious  injury 
only  where  weeds  are  allowed  to  grow  up  around  the  trees.  From  their 
size  and  voracity  the  species  of  the  genus  Acridium,  of  which  three  are 
found  in  Florida,  are  most  injurious.  They  are  largt^  insects,  2  or  24 
inches  long,  and  are  very  active,  jumi)ing  and  flying  to  great  distances. 

In  Acridium  obftcunim  Burm.  the  general  color  is  olive  green,  with 
fuscous  dots  and  a  yellow  stripe  from  (he  head  to  the  tip  of  the  clased 
wings.     The  wing-covers  are  chocolate  brown. 

Acridium  americanum  Scud.  (Fig.  5o)  is  very  similar,  but  the  general 


Fio.  55.— Aeridium  americanum.    (After  Riley.) 


color  is  reddish-brown  and  the  wing-covers  are   marked  with  large 
brownish  spots. 
Acridium  alutaceum  Harr.  is  dull  brownish-yellow  in  color^  and  the 
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wing-coverB  are  marked  with  small  spots.  Like  the  Katydid,  these 
larger  grasshopiiers  occasion  loss  of  growth,  and  stunt  the  plant  by 
eating  back  the  saccnlent  ends  of  ^the  shoots,  as  well  as  by  consuming 
the  leaves.  With  clean  culture,  and  keeping  the  grove  free  from  weeds 
and  succulent  plants,  very  little  trouble  will  be  experienced  from  the 
ravages  of  locusts,  which  are  only  attracted  in  numbers  by  dense  masses 
of  vegetation. 

□rSECTS  OF  THE  OKDEB  LEPIDOPTEBA. 

THE  ORANGE  DOG. 

{Papilio  cresphantes  Cramer.) 

[Plate  X  and  Plate  XI,  Figs.  1  and  2.] 

Tbe  most  important  enemy  to  the  Orange  among  this  group  of  insects 
is  a  caterpillar  2^  inches  long,  of  a  dark  brown  color,  with  large  blotches 
and  markings  of  cream  color.  (Plate  X,  Fig.  b.)  The  anterior  part  of 
the  body  is  enlarged,  and  when  at  rest  and  not  feeding  the  head  is  drawn 
in  and  turned  under.  The  swollen  extremity  then  presents  a  hideous, 
mask-like  face,  or  dolphin  head,  of  which  the  upper  portion  of  the  true 
head  forms  the  snout,  and  two  velvet-black  spots  in  deep  depressions 
on  each  side  do  duty  as  eyes.  When  irritated,  the  larva  shoots  forth 
from  a  fold  just  back  of  the  head  two  long,  fleshy,  orange-colored  ten- 
tacles, resembling  a  pair  of  horns.  (Plate  X,  Figs,  o  and  d,)  .  These 
are  scent-organs,  emitting  a  penetrating  odor,  disagreeable  alike  to  man 
and  beast 

When  full-grown,  the  larva  retires  to  the  vertical  'trunk  or  to  some 
large  branch  of  the  tree,  weaves  a  mat  of  strong  thread  to  which  it 
fastens  itself  by  its  terminal  hooks,  and  with  its  head  directed  upwards 
alings  itself  at  an  angle  to  the  trunk  by  means  of  a  silken  band  passed 
around  its  body  and  fastened  at  the  ends  to  the  bark.  Within  this  loop 
it  changes  to  chrysalis  by  casting  its  larval  skin.  The  chrysalis  (Plate 
X,  Fig.  e)  is  a  remarkable  example  of  protective  mimicry;  the  mixture 
of  grey  and  b  own  colors,  togetber  with  irregularities  of  form,  such  as 
projecting  i>oints  upon  the  breast  and  at  the  upper  end,  give  it  a  very 
close  resemblance  to  a  dead,  lichen-covered  twig. 

From  this  somber-colored  case  issues  in  time  a  large  and  gaily-col- 
ored butterfly,  with  wings  above  velvet-black,  crossed  by  a  double 
series  of  large  yellow  spots,  and  beneath  yellow  with  black  veins  (Plate 
X,  Fig.  a).  The  under  wings  end  in  tails,  and  are  adorned  above  with 
a  pair  of  eye-like  spots  of  red  edged  with  black  and  surmounted  by  a 
thin  crescent  of  blue.  Upon  the  under  side  these  spots  are  repeated, 
with  the  addition  of  a  second  pair  of  red  blotches  and  a  complete  row  of 
pale  blue  crescent-shaped  spots. 

This  showy  butterfly  is  one  of  the  commonest  insects  in  the  South, 
and  is  seen  everywhere  flitting  about  in  the  orange  groves. 
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Life-hutory. — ^The  eggs  are  spherical,  smooth  and  pearly  in  laster, 
with  a  dali  red  or  reddish-yellow  tinge,  and  are  deposited  singly,  inya- 
riably  upon  the  youngest  and  most  fender  shoots,  osaaUy  upon  the  tips 
of  the  budding  leaves  (Plate  XI,  Fig.  1).  The  butterflies  appear  with 
the  opening  of  spring  from  chrysalids  formed  in  November  and  Decem- 
ber. The  first  eggs  are  deposited  early  in  February,  or  as  soon  as  the 
new  growth  appears  upon  the  orange  trees.  The  eggs  hatch  in  ten  or 
twelve  days.  The  caterpillar  completes  its  growth  in  about  thirty  days, 
and  remains  in  pupa  from  ten  to  fifteen  days.  About  two  months  is 
thus  occupied  by  a  single  brood,  and  there  are  four  full  broods  dnriDg 
the  season  beginning  with  February  and  ending  with  October.  The 
breeding  is,  however,  continuous  during  the  summer,  and  eggs  are  laid 
whenever  new  growth  appears  upon  the  orange  trees. 

The  ovaries  contain  over  five  hundred  eggs,  the  laying  of  which  occu- 
pies the  female  many  days ;  she  scatters  them  over  a  wide  an^  seldom 
depositing  more  than  four  or  five  upon  a  single  plant.  The  young 
caterpillars  feed  at  first  only  upon  the  tenderest  leaves,  but  when  well 
grown  demolish  both  leaves  and  shoots  which  have  not  hardened  into 
wood. 

On  account  of  its  large  size  and  voracity,  the  Orange  Dog  does  great 
damage,  particularly  to  young  trees,  which  are  sometimes  completely 
defoliated.  It  has  other  food  plants  besides  the  Orange;  among  the 
number  the  species  of  Prickly  Ash  {Zanthoxylum)  are  mentioned  by 
several  authors.  It  is  found  commonly  in  the  swamps  of  Florida,  feed- 
ing upon  the  Tupelo  {Nyssa  aqwiticaj  L.)  and  upon  the  Bed  Bay  {Penea 
caroUnensiSj  Nees).  It  seems,  however,  to  prefer  the  Orange  and  its 
relatives  to  all  other  plants. 

Defensive  measures, — Hand-picking  is  not  a  very  difficult  task  in  the 
case  of  so  large  an  insect,  and  must  in  most  cases  be  relied  upon  to 
keep  young  trees  free  from  Orange  Dogs.  As  the  eggs  are  quite  large, 
and  conspicuously  placed.at  the  tips  of  the  growing  stalks  and  budding 
leaves,  it  is  a  simple  matter  to  find  and  pinch  them  between  the  fingers. 
A  very  little  practice  will  enable  the  orange-grower  to  go  rapidly 
through  his  young  grove  and  destroy  by  hand  nearly  every  egg.  If 
this  method  is  systematically  pursued,  the  result  will  well  repay  the 
trouble.  Two  rules  should  be  borne  in  mind,  and  will  greatly  facilitate 
the  work.  (1.)  Only  those  trees  which  are  pushing  out  tender  sprouts 
need  be  examined  for  eggs  and  young  larvae.*  (2.)  In  nearly  all  cases 
the  eggs  are  laid  upon  sprouts  at  the  top  of  the  young  tree  and  not 
upon  those  low  down  and  near  the  ground. 

*"  While  this  role  in  regard  to  the  disposition  of  the  egg  can  be  predicated  with 
great  confidence  for  the  orange  district  of  Florida,  it  is  but  jnst  to  observe  that  it 
may  not  hold  good  for  Louisiana  and  other  more  northern  localities.  Mr.  L.  O.  How- 
ard has  in  fact  found  the  eggs  of  Papilio  cresphontea  upon  the  older  leaves,  and  on  the 
twigs  of  orange  trees,  growing  in  public  parks  in  the  oity  of  SavanniJi,  6a.  The 
observation  was  made  about  the  middle  of  August. 
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A  great  deal  can  be  accomplished  towards  reducing  the  numbers  of 
the  Orange  Dog,  by  destroying  the  butterflies ;  the  most  effective  imple- 
ment for  this  purpose  is  a  light  fowling-piece,  loaded  with  dust  shot 
or  coarse  salt.  It  may  seem  somewhat  ridiculous  to  advocate  the  shoot- 
ing of  butterflies,  but  an  insect  which  has  a  spread  of  wing  of  four  or 
five  inches  affords  a  by  no  means  despicable  object  for  target  practice. 
A  more  certain  method  for  those  not  skilled  at  shooting  on  the  wing  is 
to  attract  the  butterflies  trom  a  distance  by  planting  in  some  conven- 
ient place  a  bed  of  flowering  plants.  It  is  a  common  sight  to  see  a 
dozen  or  more  individuals  of  this  butterfly  hovering  over  a  garden  bed 
of  Phlox  or  Zsenias,  within  easy  range  of  the  drowsy  orange-grower, 
as  he  takes  his  midday  siesta  upon  the  veranda.  What  a  loss  of  oppor- 
tunity it  is  to  allow  these  foes  to  escape  and  continue  their  havoc  in  the 
orange  grove. 

Parasites. — A  Tachiua  fly^  with  a  hairy  body,  and  somewhat  larger 
than  a  common  house-fly,  which  it  superficially  resembles,  attacks  the 
caterpillars  when  partly  grown,  and  deposits  upon  each  several  elon- 
gate, oval,  white  eggs;  these  hatch  maggots,  which  penetrate  the  skin 
of  their  host  and  feed  upon  its  body-contents,  eventually  killing  the 
worm.  The  tachinized  calerpillar  usually  attempts  to  pupate,  but 
strength  fails,  and  it  dies  suspended  in  its  silken  loop.  The  parasitic 
maggot^s  eat  their  way  out  and  drop  to  the  ground,  in  which  they  form 
oval  puparia.  They  emerge  as  flies  in  twelve  or  fifteen  days,  or,  if  the 
season  is  far  advanced,  remain  in  the  ground  during  the  two  or  three 
months  of  winter,  and  issue  with  the  return  of  warm  weather  in  Feb- 
ruary.   From  four  to  eight  flies  are  bred  from  a  single  Orange  Dog. 

CkaleUt  robtusta  (Jresson.  (Fig.  56.) — From   the  chrysalis  of  Papilio 
eretphameM  there  sometimes  issues,  instead  of  the  butterfly,  a  four- 


Fxo.  M.— OAolcif  robuHa.    (OriginaL) 


winged  fly.  This  parasite  is  a  large  and  handsome  member  of  a  family, 
the  ChaleididaB,  composed  for  the  most  part  of  minute  forms.  It  is 
8.4*»  [^  inch)  long ;  in  color  black,  with  golden-yellow  legs.  The  pos- 
terior thighs  are  swollen,  and  adorned  with  an  oblique  band  of  black 


140  INSECTS   AFFECTING   THE    ORANGE. 

across  the  middle.  The  wiugs  are  smoky.  The  head  and  thorax  are 
very  coarsely  punctured,  and  clothed  with  short,  golden  hairs.  *  The 
fly  in  quitting  its  host  makes  a  large,  round  hole  in  he  side  of  the 
chrysalis.  All  the  specimens  obtained  emerged  in  June  or  July  from 
pupje  of  the  second  brood.  There  can  be  no  doubt  that  this  parasite 
would  in  case  of  undue  multiplication  of  the  Orange  Dog  become  au 
efficient  check  upon  its  increase.  At  present,  however,  it  is  somewhat 
rare. 

SLUG  CATERPILLARS— STIls'GlNG  CATERPILLARS, 

Several  species  of  Bombycidfe,  called /'slug  caterpillars,"  because  of 
their  apparent  want  of  legs,  and  their  gliding,  snail-like  movements,  are 
occasionally  found  doing  damage  to  orange  trees  by  feeding  upcm  the 
leaves.  The  hairy  species  are  known  as  "stinging  caterpillars,^'  being 
provided  with  nettling  hairs.  They  are  all  of  rather  large  size,  an  inch 
or  more  in  lengtli,  and  have  sluggish  habits.  They  construct  stout  and 
very  tough  cocoons,  attached  to  the  bark  of  the  tree,  and  they  know 
how  to  conceal  them  with  great  art.  The  perfect  insects  are  moths, 
with  rather  thick,  heavy  bodies,  covered  with  long,  downy  hairs,  and 
flying  only  at  night.  The  four  species  whidi  are  known  to  feed  upon 
the  Orange  are  Lagoa  operculars  Sm.  &  Abb.,  JEmpretia  stimulea  Glem^ 
Phobetron  pithedum  Sm.  &  Abb.,  and  Limacodes  scapha  Harr. 

LAGOA  OPEBCULAEIS   Sm.  &  Abb. 

[Figs.  57,  58, 59.] 

The  caterpillars  of  this  moth  are  covered  with  long,  silky  hair,  under- 
neath which  are  conCvealed  shorter,  stiff  hairs,  exceedingly  sharp  at  the 

points,  and  powerfully  nettling  when  they  i>en- 
etrate  the  flesh.  Upon  some  persons  the  invis- 
ible wounds  made  by  these  hairs  produce  swell- 
ings, and  an  amount  of  irritation  equivalent  to 
a  sting ;  the  larvae  are,  in  consequence,  popular- 

^^**'i»rv7^lAft€?'Ru"M'^'    ^^  supposed  to  bc  very  poisonous.    When  young 

the  caterpillars  are  white  and  resemble  a  flock 
of  cotton  wool.  They  undergo  six  molts,  at  one  of  the  last  of  which 
they  become  dai  ker,  the  color  varying  in  individuals,  from  red-brown  to 
light  clay-color.  When  full-grown  the  larva  presents  the  singular  ap- 
pearance of  a  lock  of  hair  possessing  sluggish  life  and  a  gliding,  snail- 
like motion.  It  is  1 J  inches  long,  bluntly  rounded  in  front  and  dimin- 
ishing rapidly  to  a  point  behind.  The  hair  rises  in  a  sharp  ridge  upon 
the  back,  and  forms  several  tufts  of  rust-red  color. 

The  cocoon  (Fig.  58)  is  placed  in  a  crotch  of  the  tree  or  upon  a  branch 
of  considerable  size;  it  is  20'"'"  (^  inch)  long,  oval,  convex,  flattened 
on  the  side  next  the  tree,  and  fastened  very  firmly  to  the  bark.  The 
upper  end  is  abruptly  truncate,  and  fitted  with  a   hinged  trap-door, 
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FjG.  58. — Lagoaopereularis,  co- 
cooD.     (Original.) 


which  is  readily  poshed  open  from  within  by  the  escaping  moth,  but 
does  not  yield  to  pressure  from  without,  add  is  so  accurately  fitted  that 
no  tell-tale  crack  can  be  discerned.  Upon  the 
back  of  the  cocoon  is  an  elevation  formed  by  the 
meeting  of  several  folds  and  ridges,  forming  a 
marvelonsly  exact  imitation  of  a  winter  bud. 
The  ends  of  a  lock  of  hair  from'  the  body  of  the 
caterpillar  counterfeit  the  down  which  in  nature  protects  the  dormant 
bud.  The  substance  of  which  the  cocoon  is  made  is  a  tough  parchment, 
composed  of  agglutinated  silk,  in  which  is  felted  the  Jong,  hairy  cover- 
ing of  the  larva.  Its  color  is  a  neutral  brown,  closely  approximating  to 
that  of  the  bark  upon  which  it  is  placed.  The  entire  arrangement  is  a 
most  successful  representation  of  the  stump  of  a  small  branch  broken 
off  near  its  junction  with  the  main  stem, 
an<l  upon  which  is  plainly  shown  the 
swelling  of  a  bud. 

The  perfect  insect  (Fig.  59)  is  a  moth 
with  a  very  wooly  body,  pale  yellow, 
tinged  with  brown.  The  fore  wings 
are  umber-brown  at  the  base,  fading  to 
pale  yellow  outwardly;  the  surface  is 
marked  with  fine  wavy  lines  of  silver 
gray,  and  the  fore  margins  are  nearly  black.  The  legs  are  yellow,  with 
dusky  feet.  The  wings  of  the  male  moth  spread  about  one  inch ;  those 
of  the  female  an  inch  and  a  half. 

Li/e-history. — The  larva  is  a  very  general  feeder,  and  although  the 
Oak  appears  to  be  its  principal  food  plant,  it  is  occasionally  injurious  to 
t  ho  Orange.  It  never  injures  the  bark  or  tender  shoots,  but  subsists  only 
upon  the  mature  leaves. 

There  are  two  broods,  one  in  early  summer  and  the  other  in  the  fall. 
The  larvsB  of  the  second  brood  form  their  cocoons  in  November  or  De- 
cember, and  in  them  pass  the  winter,  not  changing  to  pupa  until  the 
following  March  or  April,  or  about  two  weeks  before  the  moths  appear. 

Parojntes. — The  same  parasites  have  been  bred  from  Lagoa  as  from 
the  Orange  Dog.  Tachina  flies  issued  in  June  from  a  cocoon  found  on 
Orange  in  March.  The  hymenopterous  parasite  Chalcis  rohusta  issued 
September  15  from  a  cocoon  collected  August  27. 


Fio.  t'H.'-Lagoa  operevlarit^  moth.     (Orig- 
inal.) 


THE  SADDLE-BACK  GATEBPILLAB. 


(Empretia  stimulea  Clemens.) 

[Figs.  60  and  61,  and  Plate  XI,  Fig.  3.] 

The  caterpillar  of  this  species,  also  a  general  feeder,  is  short  and 
thick,  and  very  strangely  marked  with  a  large,  quadrate  patch  of  green, 
in  the  center  of  which  is  an  oval  spot  of  purple,  so  that  the  animal 


us 
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appears  to  baT«  tbrowQ  across  its  back  a  green  cloth  snnnotinted  b; 
a  purple  saddle.    The  fringioff  hairs  along  the  sides  of  the  larva  bar* 
irritating  properties  like  the  concealed  nettling  hairs  of  Lagoa. 
The  cocoons  are  abort,  oral,  almost  globalar,  flattened  against  the 
branch  to  which  they  are   atr 
tached,   and   are  of   the  same 
tongb,  parchment-like  material 
and  brown  color  as  in  Lagoa. 
Tbey  are  usually  placed  in  con- 
cealment, often  against  the  maia 
trunk  of  the  tree,  at  or  near  tbe 
surface  of  tbe  ground.     The  lar- 
va before  pupating  cuts  a  circu- 
lar flap  at  the  end,  making  an 
opening  nearly  equal  to  the  en- 
tire  diameter  of  the   cocood, 
through  wbich  the  motb  makes 
ts  escape  by  pushing  open  the  door  from  within. 
The  moth  has  a  wooly  body  and  legs  of  rich  maroon  color,  with  the 
base  of  the  abdomen  and  the  under  wings  of* 
lighter  brown.    The  scales  of  tbe  fore-wing  lie 
flat  and  have  a  silken  sheen  upon  the  prominent 
.  veins  and  margin,  while  in  the  depressions  be- 
tween the  veins  they  stand  erect,  as  in  velvet, 
giving  an  embossed  appearance  to  the  wing. 
The  upper  surface  of  the  fore-wing  bears  sev- 
eral dots  of  pale  yellow,  each  consisting  of  a  few  opalescent  scales. 
The  dots  are  arranged  in  two  pairs,  one  at  tbe  base  and  the  other  at 
tbe  apex  of  the  wing,  with  a  single  minute  fleck  placed  half-way  be- 
tween tbe  pairs- 
Parasite. — The  larva  is  destroyed  by  a  Microgaster. 


Fib.  tlt.~Smprtlia  jCinubi 


(after  RllflJ). 


Doth  |0rlirtn>l) :  b. 
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THE  HAG-MOTH  CATEHPILLAR. 

(Phobetron  pithecium,  Smith  and  Abbot.) 

[Figs.  62  and  63.] 

This  insect  receives  its  name  fVom  the  curious  hairy  appendages  which 
cover  the  back  and  project  from  the  sides  of  the  larva,  and  have  a  back- 
ward twist,  like  locks  of  dishevelled  hair.  Those  are,  in  fact,  fleshy 
hooks,  covered  with  feathery,  brown  hairs,  among  which  are  longer, 
black,  stinging  hairs.  The  larva  in  IS"*"  ( fi^  inch)  long  and  has  an  ova] 
body,  over  which,  however,  the  flattened  and  closely  applied  appendages 
form  a  nearly  square  shield.  The  cocoon  (Fig.  63)  is  almost  spherical,  tike 
tbat  of  the  Sa<1dle-back  caterpillar,  and  is  defended  by  the  hairy  ap- 
pendages which  the  larva  in  some  way  contrives  to  leave  upon  the  out- 


iga  fully  exiKist'd 
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side.  TbeBe  tnfts  give  to  the  bnllet- shaped  cocoon  a  very  nondeacript 
appearance,  and  tbe  stinging  hairs  afford  a  very  perfect  i>rotection 
aj^inst  birds  and  other  insectivorous  animals. 

(Tnlihe  the  precetling  species,  the  Hag-moth  larvie  do  not  seek  to  htdo 
away  their  cocoons,  bnt  attach  tbeni  to  leaves  and  twigs  fully  exi>ost'd 
to  view,  with,  however,  snch  artfnl  mjinagement  as  to 
darronndings  and  harmonizing  colors  that  tbe.v  are 
all  the  group  the  most  difficult  to  discover,    A  device 
to  which  this  insect  fre^nently  resorts  exhibits  tbe 
extreme  of  instinctive  sagacity.     If  tbo  caterpillar 
cannot  find  at  band  a  suitable  place  in  which  to  weave 
its  cocoon  it  frequently  makes  for  itself  more  satisfac- 
tory enrronndings  by  killing  the  leaves,  upon  which, 
After  they  hare  become  dry  and  brown  in  color,  it 
places  its  cocoon.  "'  "'"'  ' 

Several  of  these  caterpillars  unite  together,  and  selecting  a  long  and 
vigorous  immature  shoot  or  leader  of  the  orange  tree,  they  kill  it  by 
catting  into  its  base  until  it  wilts  and  bends  over. 

The  leaves  of  a  young  shoot,  in  drying,  turn  a  light  tan-color,  which 
harmonizes  most  perfectly  with  tbe  hairy  locks  of  the  caterpillar  cov- 
ering the  cocoon.    The  latter  is,  consequently,  not  easily 
detected,  even  when  placed  upon  the  exposed  and  up- 
tnrned  surfuce  of  the  leaf. 

The  moth  has  body  and  legs  of  purple-brown',  with 
ocbrenns  patches  on  the  back  and  a  light  yellow  tuft  on  "iJon '"pit^'r;"", 
the  iniildle  pair  of  legs.  The  abdomen  is  sable,  ending  SoiT"  "'' 
in  n  tuft  of  ochreous  scales.  The  fore-wings  have  the 
colors  of  the  thorax  finely  mingled,  as  in  graining.  The  hind-wingM  are 
sable,  bordered  wifh  ochreous  in  the  female.  The  fore  wings  of  the  male 
are  long  and  narrow,  the  hind-wings  short  and  very  triangular.  IJotli 
pairs  are,  in  this  sex,  partly  transparent. 

The  spread  of  wing  varies  in  this  moth  ft'om  20  to  24"""  [-^  inch  to 
1%  inch). 

THE  SSIPF-CATEBPLLXAB. 

(Limacodes  scapha  Harris.) 

[Figs.  64  and  65.) 

The  generic  name  Limacodes.  signifying  sing-like,  is  very  appropri- 
ately given  to  this  naked  and  slow-moving  caterpillar,  which  is  thus 
described  by  Harris:  "Body  thick,  and  its  outline  nearly  diamond- 
shaped  ;  the  back  is  a  little  hollowed  and  the  middle  of  each  side  rises 
to  an  obtuse  angle;  it  is  of  green  color  with  the  elevated  edges  brown 
The  boat-like  form  of  this  caterpillar  induced  me  to  name  it  LimacoAes 
fcapha,  the  skiff  Limacodes."    (Ins.  Iiy.  to  Vegetation,  p.  419.) 
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The  larva  (Fig.  64)  livei3  upon  Hickory,  Oak,  &c.,  bat  has  been  re. 
ported  as  feeding  also  upon  orange  leaves.  It  forms  a  tough,  rounded- 
oval  cocoon.    The  moth  (Fig.  65)  is  ciunamou-browu ;  upon  each  fore- 


Fio.  64. — Limacodes  tcapha,  lanriL 
(Ro-drawn  from  Harris.) 


Fig.  65. — Limaeodet  acapha^  moth. 
(After  Packard.) 


wing  is  a  large  tan-colored  spot  with  a  border  of  silver.     It  has  a  spread 
of  wing,  iu  the  female,  of  30"'"  (1.2  inches). 

The  life-histories  of  the  four  species  of  slug-caterpillars  are  similar, 
and  that  given  above  for  the  first  species  may  be  assumed  to  apply  to 
each  of  the  others.  The  same  parasites  are  probably  common  to  them 
all. 

BAG' WORMS. 

[Plate  XII.] 

Worms  living  in  cases  made  of  sticks  or  leaves,  and  which  they  carry 
about  with  them  from  i)lace  to  place,  and  enlarge  with  their  growth. 
Pupae  formed  within  the  the  case  of  the  larva.  Males  issuing  as  small 
moths,  not  diflTering  greatly  from  others  of  the  same  family.  Females 
remaining  wingless,  degraded  forms,  to  the  end  of  their  existence,  when 
they  leave  the  protecting  sack,  in  order  to  raalie  room  for  their  eggs, 
and  die. 

THE   COMMON   BAG-WOEM  OR  BASKET- WOEM. 

(Oiketicus  abhotii  Grote.) 

The  baskets  of  this  species  are  very  large,  those  of  the  female  over 
two  inches  long ;  the  sack  of  the  male  is,  however,  only  one* third  as  long 
as  that  of  the  female. 

The  caterpillar  is  dirty  brown  in  color.  The  first  three  joints,  w^hich 
bear  the  legs,  and  are  protruded  from  the  case  when  the  animal  moves 
about,  are  protected  by  horny  shields,  and  together  with  the  head  are 
mottled  and  streaked  with  light  and  dark  brown.  When  young  the 
case  is  carried  erect  upon  the  upturned  end  of  the  body,  but  as  the  worm 
grows  larger  and  the  basket  becomes  heav^y  with  the  weight  of  sticks 
and  fragments  of  which  it  is  composed,  it  is  allowed  to  hang  down. 

The  Bag-worm  is  an  omnivorous  and  most  voracious  feeder  ;  nothing 
vegetable  appears  to  come  amiss  to  it,  and  it  sometimes  is  common 
enough  upon  orange  trees  to  do  serious  damage,  especially  as  it  does 
not  conliue  itself  to  the  leaves,  but  also  gnaws  the  tender  bark  of  the 
shoots  and  cuts  olf  bits  of  the  twigs  with  which  to  form  its  basket.    The 


BAG-WORMS    ON    ORANGE.  145 

basket  is  differeutly  constructed  to  suit  its  surroandiugs;  on  oak  it  is 
usaally  formed  of  bits  of  rounded  twigs,  placed  crosswise  aiter  the  fash 
ion  of  a  log.cabin ;  on  trees  with  dense  foliage  like  the  Orange  it  is  oftener 
fasbione<l  with  leaf  material.  In  all  cases  it  is  thickly  lined  and  firmly- 
bound  together  with  strong,  grayish- white  silk,  and  is  too  tough  to  be 
torn  asunder  with  the  fingers.  Before  the  larva  becomes  a  pupa  the 
bag  is  suspended  by  a  band  of  silk  to  a  twig  or  branch. 

The  winged  male  escapes  from  the  sack  leaving  the  pupa  shell  pro- 
truding. It  is  a  rather  thick-bodied  moth  of  dark  brown  color.  The 
abdomen  is  very  long,  slender,  and  tapering  to  the  point,  which  is 
armed  with  a  pair  of  shell  like  claspers,  and  these  conceal  the  point  of 
the  intromittent  male  organ.  These  parts  are  very  elastic  and  extensile, 
and  enable  the  male  to  reach  deeply  into  the  sack  of  the  female,  in  the 
act  of  coupling.  The  fore-wings  of  the  male  are  rather  long  and  nar 
row;  they  are  slightly  paler  than  the  body,  and  are  marked  with  a 
short  oblique  line,  devoid  of  feathers,  and  situated  just  beyond  the 
middle  of  the  wing.    The  hind  wings  are  short  and  angular. 

The  female  is  without  wings  or  legs,  and  is,  in  fact,  hardly  n)ore  than 
a  living  egg-sack.  When  fully  mature  the  pupa  splits  at  the  anterior 
end,  and  the  body  of  the  female  protrudes.  Without  entirely  leaving 
the  pupa  shell,  but  dragging  it  after  her,  she  works  her  way  to  the 
mouth  of  the  basket,  where  she  awaits  the  visit  of  the  male,  having  her 
head  at  the  outlet. 

In  what  precise  manner  the  act  of  fertilization  takes  place  is  not  well 
iinderstooil,*  but  as  soon  as  it  is  accomplished,  the  female  pushes  her- 
Helf  backwanls  to  the  farther  end  of  the  basket,  and,  her  hinder  ex- 
tremity being  still  within  the  pupa  shell,  she  proceeds  to  fill  it  nearly 
full  of  ])early,  cream-colored  eggs,  packed  in  silk.  The  vacant  space  at 
the  end  is  then  filled  with  a  tangle  of  floss  silk,  mingled  with  feather 
scales,  which  the  mother  plucks  from  her  own  body.  When  finally 
her  body  is  entirely  withdrawn  from  the  pupa  shell  the  lips  of  the 
T  shaped  slit  at  the  end  snap  together,  entirely  closing  the  exit. 

The  ffmale  continues  to  work  her  way  slowly  outward,  weaving  as 
she  goes  a  tangle  of  silk,  mingled  with  scales  stripped  from  her  own 
body.  Having  filled  the  entire  space  within  the  basket,  and  lest  she 
should  im|)eril  the  safety  of  her  young  by  remaining  in  the  case  to  die, 
the  mother  completes  the  sacrifice  by  drox)ping  from  its  mouth.  Her 
exhausted  body,  shorn  of  its  downy  covering,  falls  to  the  ground,  where, 
naked  and  defenceless,  it  becomes  a  ready  prey  to  ants  and  other 
pi-owlers. 

How  wonderful  an  example  is  here  shown  of  the  power  of  the  mater- 
nal instinct,  which  can  thus  overpower  the  instinct  of  self-preservation 
iu  an  unreasoning  insect,  and  com])el  her  to  yield  to  her  offspring, 
unborn  and  unseen,  a  secure  retreat,  which  otherwise  in  life  she  never 
leaves,  and  from  which  she  could  not  be  torn  except  piecemeal. 

The  eggs  of  the  Bag-worm  hatch  in  September.    The  young  larv» 

*  See  Appendix  IIL 
6521  O  I 10 
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(PL  XII,  Fig.  2,  a)  push  or  eat  their  waj'  out  of  the  papa  shell  of  the 
mother,  ami  emerge  from  the  mouth  of  the  basket.  The}^  almost  imme- 
diately begin  to  form  their  cases,  which  they  make  of  auy  material  soft 
enough  to  be  rasped  by  their  jaws.  A  bit  of  cork,  for  example,  is  ex- 
actly suited  to  their  wants.  The  process  of  forming  the  basket  is  curi- 
ous, and,  observed  under  a  lens,  is  as  follows :  The  larva  cuts  off  with 
its  jaws  a  fragment  of  cork,  of  a  size  and  shape  determined  by  the  cavi- 
ty of  the  mouth ;  each  fragment  is,  in  fact,  a  mouthful,  which  the  larva 
ejects  and  places  between  its  front  legs,  adding  one  to  another  to  form 
a  pile,  which  from  time  to  time  it  fastens  loosely  with  web.  (Plate 
XII,  Fig.  2,  b,)  Pieces  are  added  at  the  sides  until  the  pile  becomes 
a  transverse  tangle  about  as  long  as  the  body  and  placed  at  right  an- 
gles to  it.  Each  end  of  the  pile  is  fastened  loosely  to  the  surface  on 
which  it  rests,  and  several  strands  of  silk  are  laid  along  it  from  end  to 
end.  Then,  standing  with  its  body  astride  of  the  tangle,  the  larva 
bends  down  its  head,  and  dives  under  the  mass,  turning  a  complete 
somersault,  so  that  when  its  head  and  fore  part  of  the  body  appear 
on  the  other  side,  the  insect  lies  on  its  back,  bound  down  by  the  fillet 
of  silk  and  bits  of  cork,  which  still  remain  fastened  to  the  surface  at 
the  ends.  (Plate  XII,  Fig.  2,  c.)  With  a  quick  movement  the  larva 
twists  around  and  stands  again  upon  its  feet,  having  its  neck,  as  it 
were,  under  a  yoke.  (Plate  XII,  Fig.  2,  d.)  It  then  makes  of  theyoke  a 
complete  collar  by  adding  bits  of  cork  to  each  end  until  the  circle  is 
complete.  Row  after  row  of  fragments  is  added  to  this,  until  the  collar 
becomes  a  hollow  cylinder  within  which  the  body  of  the  little  workman 
gradually  disappears.  (Plate  XII,  Fig.  2,  e,)  Each  fragment  as  it  is 
ejected  from  the  mouth  is  fastened  by  one  end  to  the  edge  of  the  band, 
and  secured  with  a  few  rapid  passes  of  the  silk-prodilcing  mouth-organs. 
From  time  to  time  the  larva  cuts  the  anchoring  threads,  shifts  its 
work,  and  fastens  it  down  again.  Like  a  skillful  artisan  it  works  rap- 
idly, not  stopping  to  finish  the  work  as  it  goes,  but  only  occasionally 
strengthening  it  with  a  few  strands  of  silk  on  the  inside,  until  the  cylin- 
der is  long  enough  to  entirely  cover  its  body.  One  end  is  then  closeil 
up  and  the  inside  well  coated  and  finished  with  a  tough  lining  of  silk; 
the  case  meantime  standing  upright  and  fastened  by  one  end.  (Plate 
XII,  Fig.  2,/.)  When  fully  completed  the  larva  cuts  loose  the  anchor- 
ing cables,  and  marches  oil',  with  the  case  borne  aloft  like  a  cap,  on  the 
upturned  end  of  its  body.  This  case  of  the  young  larva  is  constantly 
enlarged,  until  it  becomes  the  basket  of  the  adult. 

The  Bag-worm  appears  to  be  single-brooded,  and  the  winter  is  passed 
by  the  3'oung  larva?  in  their  cases.  Pupae  are  formed  late  in  summer. 
The  males  emerge,  the  females  deposit  their  eggs  and  perish,  and  the 
young  hatch  during  the  month  of  September.  Hand  picking  must  be 
relied  upon  to  rid  the  trees  of  Bag- worms  whenever  this  becomes  neces- 
sary. 

Parasites, — The  Bag-worm  is  attacked  by  an  Ichneumouid,  Hemiteles 
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ih^ridopterig%9  Biley.  (Plate  XII,  Fig.  3.)  The  females  (b)  are  dull  xed, 
with  banded  wings,  and  are  rather  more  than  oue-third  of  an  inch  (9™") 
long.  The  males  (a)  are  slender,  with  black,  shining  bodies  and  clear 
wings;  they  are  somewhat  smaller  than  the  females  (8°^).  A  number 
of  the  parasites  inhabit  a  single  case  of  the  Bag-worm,  which  they 
partly  fill  with  a  consolidated  mass  of  their  own  dark-brown,  parch, 
ment-like  pupa  cases.  (Fig.  3,  c).  The  parasites  cut  their  way  oat 
through  the  thick  sides  of  the  Bag-worm  follicle,  each  individual  appa- 
rently making  an  exit-hole  of  its  own. 

Another  Ichneumouid,  Pimpla  conquisitor(SB,y)  (Plate  XII,  Fig.  4),  will 
undoubtedly  prove  to  be  parasitic  upon  this  Bag-worm,  as  it  has  been 
bred  from  other,  closely  related  species,  and  is  a  very  common  enemy  of 
many  large  caterpillars  in  the  south.  It  has  a  rather  slender  body  of 
black,  banded  with  white,  and  clear  wiugs.  It  is  about  0.4  inch  long. 
It  is  a  solitary  parasite,  the  female  depositing  but  a  single  egg  in  each 
worm  which  she  stings. 

A  third  and  much  smaller  parasite,  Microgaster  sp.,  issues  late  in  Sep. 
tember  from  the  young  larva  cases  of  Oiketicus,  in  which  it  spins  a  snow- 
white  silken  cocoon  of  its  own.  The  parasitic  fly  is  red-brown  in  color, 
with  dark  antennse  and  ovipositor.  It  measures  3°^  (0.12  inch)  in  length, 
ezclnsiTe  of  appendages. 

NOBTHESN  BAG-WOKM. 

{Thyridopteryx  ephemerceformis^  Ha  worth.) 
[Plate  XII,  Fig.  1.)] 

This  Bag-worm  bears  a  very  close  resemblance  to  Oiketicus,  and  ap- 
pears to  replace  it  in  the  North,  where  it  is  particularly  injurious  to 
Cedars.  It  is  not  certainly  known  to  occur  in  Florida,  but  may  be  found 
in  the  northern  part  of  the  orange  belt.  Its  case  is  formed  in  the  same 
way  and  its  life-history  is  probably  similar  to  that  of  Oiketicus.  The 
pupa  of  Oiketicus  is,  however,  chestnut-brown,  while  that  of  Thyridop- 
teryx is  dark  mahogany  in  color.  The  baskets  of  both  species  vary  in 
construction,  and  are  not  readily  distinguished  the  one  from  the  other. 
The  male  of  Thyridopteryx  is  black,  with  transparent  wings. 

Pa&asites. —  Besides  the  Ichneumonid,  HemiteUs  thyridopterigis 
Biley,  which  was  fir^t  known  as  a  parasite  of  this  Northern  Bag- worm, 
and  has  been  noticed  above,  several  other  related  parasites  are  men- 
tioned by  authors  as  preying  upon  Thyridopteryx. 

Pimpla  inquuiior  (Say)  (Plate  XII,  Fig.  6)  is  mentioned  by  Mr.  Glover 
as  destructive  to  this  Bag-worm.  It  has  a  black  body,  with  parti-col- 
ored legs  'y  the  face  is  white  in  the  male.    Length  about  one-tenth  inch. 

The  TelloW'banded  Ichneumon  (Pimpla  conguisitory  Say)  (PlateXlI,  Fig. 
4). — This  is  also  a-common  parasite  of  the  Cotton  Worm  and  other  large 
moths.  It  closely  resembles  the  preceding,  but  the  joints  of  the  abdo- 
men are  ringed  with  white.    It  is  mentioned  by  Lintner  as  one  of  the 
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parasites  of  the  Northern  Bag- worm.*    The  species  varies  in  length 
from  about  one-qnarter  of  an  inch  to  over  half  an  inch. 

In  Harris's  Entomological  Correspondence,  p.  242,  we  find  the  follow- 
ing: ^'The  parasite  of  the  drop*  worm  is  Ichneumon  concitator  Say,  a 
very  common  and  somewhat  variable  species,  which  attacks  all  sorts 
of  larvse.  It  is  one  of  the  most  common  parasites  of  CliHocampa  amer- 
icanaJ"  No  mention  of  this  species  can  be  foand  elsewhere  than  in 
Harris's  writings,  and  the  presumption  is  that  a  confusion  has  been 
made  between  names  of  similar  sound,  and  that  either  Pimpla  canquU- 
itar  or  Orypttis  inquisitor  was  intended. 

THE  OYLINDEIQAL  BAG-WOBM. 

{Psyche  sp.) 

The  cases  of  a  Bag- worm  supposed  to  belong  to  the  genus  Psyche  are 
sometimes  seen  upon  orange  trees ;  they  are  not  spindle-shaped,  as  in 
the  preceding  species,  but  cylindrical,  and  the  fragments  composing  the 
outside  are  laid  on  longitudinally.    The  fragments  usually  consist  of 

bits  of  straw  or  dead  pine-needles,  some  of  which  are  very 
long  and  project  beyond  or  oat  from  the  sides  of  the  case. 
The  basket  of  the  female  is  about  38"""  (1^  inches) ;  that  of 
the  male  25*"™  (1  inch)  in  length,  exclusive  of  projecting 
points.    The  female  is  wingless;  its  pupa-case  is  of  a  light 
chestnut-brown,  and  is  IS™"  (^  inchj  long. 
Fig.  66  represents  the  basket  of  the  male  of  Psyche  con- 
Fio.  w.^Ptvchs   federatay  with  the  pupa-shell  protruding.     (Reproduced 
T^l^'i^fSi    from  Trans.  Amer.  Ent.  Soc,  vol.  II,  Plate  III,  Fig.  67.) 
Grote.)  r£^^  male  remains  unknown ;  it  is  a  winged  moth,  which 

probably  resembles  Psyche  confederata  G.  and  B.,  but  is  larger  and  i)08- 
sibly  lighter  in  color.t 

The  life-history  of  this  Bag- worm  is  undoubtedly  similar  to,  if  not  iden- 
tical with  that  of  Oiketicus  and  Thyridopteryx. 

THE  OEANGE  BASKET-WOBM. 

{Platceceiicus  gloverii  Packard.) 

[Fig.  67.J 

A  much  smaller  species  than  the  preceding  was  first  mentioned  by 
Mr.  Glover,  who  gave  an  account  of  its  habits  in  the  Patent  Office 


*  Firat  Annual  Report  of  the  Injurious  and  Other  Insects  of  the  State  of  New  York, 
by  J.  A.  Lintner,  page  84. 

tThe  male  of  Payche  confederata  G.  and  R.,  is  '*  entirely  deep,  smoky  black.  Auten- 
n»  plumose.  Wings  ample,  closely  scaled,  rounded  and  full.  •  *  •  Expanse, 
19mm:  Length  of  body,  7™"*/'  The  specimens  described  by  Grote  and  Robinson 
(Trans.  Am.  Ent.  Soc,  vol.  11,  p.  191)  were  sent  from  Texas.  Plate  III,  fig.  67,  given 
a  representation  of  the  basket  of  this  species.  Similar  cases,  which  may  possibly 
belong  to  this  species,  have  been  seen  upon  the  Orange  in  Florida. 
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Agricaltnial  Report  for  1858.    Its  basket  is  spindle-shaped,  that  of 
the  female  18""  {^  inch),  and  that  of  the  male  13""*  (J  inch)  long.    It  is 
covered  with  finely  chopped  bits  of  dry  leaf,  bark, 
moss  and  other  scraps,  supplemented  not  unfre- 
qaently  with  the  scales  of  Bark-lice.     As  an  addi- 
tiooal  protection,  several  small  orange  thorns  are 
often  fastened  to  the  outside  of  the  case,  with  their 
sharp  tips    projecting  backwards  and   outwards. 
The  pnpa  case  is  dark  mahogany-brown,  and  the 
satnres  between  the  joints  are  opaque,  black,  form- 
ing on  the  female  pupa  three,  and  on  the  male  pnpa 
four,  very  distinct  rings.    The  male  is  a  small,  dark- 
brown  moth,  measuring  16"^  (iV^  inch)  across  the  tio^ 
extended  wings.    The  female,  as  in  the  preceding 
Bag-worms,  is  wingless,  and  undergoes  a  development  similar  to  that 
of  Oiketicus. 

UNNAMED  BA€hWOBM. 

[Fig.  68,] 

A  species  of  Bag- worm  smaller  than  any  of  the  preceding  exists  upon 
Orange,  and  is  not  uncommon.  Its  cases  are  long,  slender^  and  cylin- 
drical, and  covered  with  fragments  of  bark,  straw,  &c. ;  many  of  these 
are  linear,  and  have  projecting  ends.    The  female  case  (Fig.  68a)  is 


fn—Platasegtieui 
gloverii.  (After Glover.) 


!!0«llli' 


Fl«.  68.~ 


Unknown  Bag«worm  on  Oranee:  a,  case  of  female;  fr,  pnpa  of  fenude;  «,  pupa  of  male;  d 

end  of  mue  pnpa,  enlarged.    (Original.) 

15""  (i%  inch),  and  that  of  the  male  12™™  {^  inch)  long.  The  pupa 
of  the  female  (Fig.  08,  b)  measures  8™™  (/^^  inch)  in  length.  The  male 
pupa  (Fig.  G8,  e ;  <2,  end  of  pnpaenlarged)  is  very  miuute,  being  only  half 
the  size  of  the  female.  Both  are  slender,  bluntly-rounded  at  the  ends, 
and  of  a  light  chestnut  color. 

ThiH  small  species  is  allied  to  Psyche  confederaia^  by  the  slender  form 
and  light  color  of  its  pupa,  as  well  as  by  the  construction  and  cylindri- 
cal shai>e  of  its  case.  In  Platceceticus,  on  the  other  hand,  the  fusiform 
shape  and  dark  color  of  the  case  and  pupa,  indicate  a  closer  relation- 
ship to  Oiketicus.* 

*  The  species  of  Bag-wonns  are  more  nameroas  than  has  been  supposed,  and  sev- 
eral ondeiicribed  species  are  confused  in  oolleotions  with  the  few  species  hitherto 
described. 
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LEAF-EATERS  WITHOUT  CASES. 

ABTACE  PUNCTISTEIGA  Walker. 

The  following  accoant  of  this  insect  appears  in  the  report  of  the 
Gommissioner  of  Agricultnre  for  1880,  p.  252  : 

^^  There  is  occasionally  to  be  found  upon  the  orange  a  fusiform  white 
silken  cocoon,  an  inch  and  a  half  in  length.  From  this  cocoon  there 
issues  in  spring  a  thick-bodied  woolly  white  moth,  the  female  measuring 
an  inch  and  three-quarters,  and  the  male  an  inch  and  one-quarter  across 
the  wings.  Each  fore  wing  has  five  transverse  rows  of  small  black 
dots.  We  have  not  seen  the  caterpillar  which  spins  this  cocoon,  bat 
from  an  examination  of  the  cast-off  skin  to  be  found  at  the  end  of  the 
pupa,  and  from  other  facts,  we  may  readily  state  it  to  be  a  rather  thick 
larva,  about  an  inch  and  a  half  in  length,  and  covered  with  long  mixed 
black  and  whitish  hairs,  giving  it  a  grayish  effect.  These  cocoons  are 
not  confined  to  orange,  but  are  also  found  upon  the  grass  at  the  foot  of 
the  tree,  and  one  specimen  received  was  evidently  found  upon  cherry, 
as  pieces  of  the  bark  still  adhered.  The  species  seems  to  be  compara- 
tively rare,  but,  as  we  have  said  before  of  other  species,  it  is  liable  at 
any  time  to  increase  and  become  injurious;  therefore  the  sooner  it  is 
treated  of  the  better.  As  one  of  the  causes  of  its  rarity  we  may  mention 
the  existence  of  a  large  ichneumonid  parasite,  which  we  have  not  been 
able  to  breed,  owing  to  the  fact  that  it  in  its  turn  is  parasitized  by  a 
chalcid,  of  which  we  have  bred  thirty- six  specimens  from  a  single  co- 
coon, all  having  made  their  exit,  as  usual,  from  a  single  hole.  It  is  pos- 
sible that  this  chalcid  may  also  be  a  primary  parasite.    The  specimens 

were  referred  to  Mr.  Howard  for  study,  and 
decided  to  be  a  new  species  of  the  genus 
Encyrtus  of  Dalman."  It  was  described  (toe. 
cit)  as  Encyrtus  artacece  n.  sp. 


■p;    r I      . 


THE  GRASS- WOEM. 


{Laphygma  frugiperda^  8m.  &  Abb.) 


[Figs.  69  and  70.] 


Patches  of  the  eggs  of  this  common  moth 
are  very  commonly  found  on  orange  leaves. 
But  although  the  young  caterpillars  eat  the 
leaves  to  some  extent,  they  soon  find  their 
way  to  some  other  and  more  succulent  food- 
plant.  Full-grown  caterpillars  are  scarcely 
ever  seen  upon  the  Orange,  although  they 

can  be  bred  upon  it  in  confinement. 
The  eggs  are  dull  whitg,  with  a  pearly  luster.    The  clusters  contain  a 

variable  number  of  eggs,  and  are  covered  with  mouse-colored  down  from 

the  body  of  the  mother. 


Fio.  QB.—Laphj/gma  /i 
a,  larva,  natural  lize; 
e,  middle  Joint  from  libove ;  d, 
do.from  side,  enlarged.  (Aft«r 
KUey.) 
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The  caterpillars  grow  to  the  length  of  an  inch  and  a  half.    They  are 
very  variable  in  color^  the  young  being  dark,  sometimes  nearly  black, 
and  the  adalts  of  lighter  color,  varying  from  brown  to  pale  green, 
with  fine  mottlings  of  other  colors.     Several 
broad  stripes  of  dark  and  light  brown,  run- 
ning from  head  to  tail,  render  this  caterpil- 
lar conspicnous  and  easily  recognized. 

The  moth  belongs  to  the  numerous  group 
of  Owlet  Moths,  called  in  the  South  "  Candle 
Plies."  It  has  narrow  front  wings  of  gray 
and  brown,  finely  intermingled ;  and  the  semi- 
transparent  hind  wings  of  dull  white,  with 
smoky  margins.  Spread  of  wings  about  one 
and  a  quarter  inches. 

The  pupa  is  polished,  mahogany-brown, 
and  is  formed  in  a  simple,  unlined  cell  be- 
neath the  surface  of  the  ground.  The  traus- 
foriuations  of  this  insect  are  completed  in 
one  month.  There  are  several  broods,  but 
the  worms  are  most  numerous  in  August,  and  the  moths  in  September. 

Orange  groves  which  are  kept  clean  will  .not  be  liable  to  injury  from 
the  Grass-worm,  which  feeds  naturally  upon  grass  and  succulent  herbs. 
Young  groves  are  sometimes  attacked  when  they  are  allowed  to  become 
foul  and  only  cultivated  at  long  intervals.  The  amount  of  damage  done 
by  this  caterpillar  is  small,  but  it  may,  under  special  conditions,  become 
a  serious  pest.  Clean  culture  will  in  sut^h  cases  prove  an  all-sufficient 
remedy. 


Flo,    70  — 
a,  moth,  noima 


fruffiperda: 

of  variety /iMca;  c,  do.  of  variety 
obscura  —  natural  Bize.'  (After 
Riley.) 


LEAF-BOLLERS. 

Slender,  almost  naked,  worms,  of  small  size,  and  usually  yellowish- 
green  in  color,  which  roll  up  leaves,  or  bind  together  tender  bud-leaves, 
to  form  a  protecting  tube,  within  which  they  lurk  and  feed,  and  in  time 
transform  to  pupae. 

Before  the  moth  issues,  the  pupa  is  pushed  partly  out  of  the  tubular 
shield  of  leaves.  Fig.  71  shows  the  pupa  of  Platynota  rostrana  pro- 
truding from  the  side  of  a  folded  orange  leaf. 

The  adults  are  rather  small  moths,  with  pointed  heads,  and  oblong, 
somewhat  heavy  fore  wings,  which,  when  folded,  form  a  roof-like  ridge 
over  the  body. 

The  eggs  are  laid  upon  the  surfaces  of  leaves,  in  elongate,  oval 
patches  of  transparent  yellowish-green  color.  In  these  patches  each 
egg  forms  an  excessively  thin  overlapping  scale,  and  the  whole  mass  of 
fifty  to  eighty  eggs  is  thus  firmly  knit  together,  and  can  be  removed 
from  the  leaf  without  separating.  The  thinness  and  cellular  structure 
of  the  egg-cluster  give  it  a  resemblance  to  certain  low  forms  of  vegeta- 
ble life,  and  it  might  readily  be  mistaken  for  a  mold  or  a  lichen. 


152 


INSECTS    AFFECTING   THE    ORANGE. 


THE  COBK-COLORED   ORANGE  TORTRICID. 


Fio.  71.— Ptefynoea 
rottrana:  pa^a 
shell  protruding 
from  folded  leaf 
(Origiiial.) 


(Platynota  rostrana^  Walker.) 

[Fig.  71.j 

The  tabular  webs  of  this  species  are  very  common  and  quite  destnic- 
live  to  small  seedling  and  nursery  plants,  as  the  worm  is  apt  to  select 
the  tender  budding  leaves  at  the  top  of  the  plant,  and  by  killing  these 
check  further  growth.    Both  this  and  the  other  Tortricid  leaf-rollers  do 

occasional  damage  to  the  fruit  by  puncturing  the  rind 
beneath  the  shelter  of  a  leaf,  which  they  fasten  with  web 
to  its  surface. 

The  larva  is  translucent,  dull  yellowish-green  above, 
paler  on  the  sides  and  beneath.  The  head  is  brown,  and 
the  next  joint  bears  a  polished  shield  of  the  same  color, 
edged  with  white.  A  dark  stripe  extends  along  the  back^ 
and  a  stripe  of  pale  brown  along  each  side.  The  body 
of  the  larva  is  naked,  except  that  each  joint  bears  a  few 
long,  fine  hairs,  each  arising  from  a  dot  of  glistening 
white.  These  hairs  are  sensij^ive  organs  of  touch.  The 
length  of  the^caterpillar  is  18™°»  {^  inch). 

The  pupa  is  of  slender  form  and  chestnut-brown  color. 
It  has  six  pairs  of  terminal  hooks,  with  which  it  clings 
to  its  tubular  web. 

The  male  moths  are  much  darker  than  the  females,  the  upper  wings 
cinnamon  in  color,  with  obliqtie  bands  of  umber,  and  their  surfaces 
much  roughened  with  elevated  tuft^  and  ridges  of  coarse  seniles.  The 
females  are  larger  and  the  upper  wings  much  lighter  in  color,  the  red 
being  mingled  with  silver-gray.  In  this  sex  the  tufts  of  scales  are  very 
minute,  and  the  oblique  bands  are  reduced  to  line,  elevated  lines. 
Length  of  the  male,  with  wings  folded,  lO"""  (^  inch);  of  the  female, 
12'"'" (/o%  inch). 

The  eggs  of  each  batch  hatch  simultaneously,  the  last  caterpillar 
quitting  its  egg  shell  a  few  minutes  after  the  first.  The  young  cater- 
pillars immediately  scatter  over  the  plant,  but  hide  in  crevices  at  first, 
and  do  not  begfin  rolling  the  leaves  until  they  are  three  or  four  days 
old.  They  shed  taeir  skins  five  times  during  the  eighteen  or  twenty 
days  of  their  existence  as  larvae.  They  remain  eight  or  ten  days  in 
pupa.  Allowing  eight  or  ten  days  for  the  laying  and  hatching  of  the 
eggs,  a  period  which  is  not  certainly  known,  a  single  generation  oc- 
cupies less  than  six  weeks.  There  are  apparently  four  or  five  broods 
during  the  eight  warm  months,  and  an  additional  brood  in  mild  winters, 
but  the  caterpillars  may  be  found  at  all  seasons  of  the  year,  and  there 
is  in  fact  very  little  evidence  of  a  separation  into  distinct  broods. 
Hand-picking  is  the  only  remedy  that  can  be  relied  upon,  and  by  this 
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72.— IVtcAooramma   minvAa. 
Riley.) 


(After 


method  young  trees  can   withont  difficulty  be  kept   free  from  tbeir 
attacks. 

Parasites. — TrichogTamma  pretioaa  Eiley. — This  minute  Chalcid 
fly,  well  known  as  the  parasite  which  renders  effective  aid  by  destroying 
the  eggs  of  the  Cotton  Worm,  also  infests  the  egg  clusters  of  the  Orange 
Leaf-roller.  The  mother  parasite  deposits  a  single  egg  in  each  cell  like 
egg  of  the  Tortrix,  and  within  this  nar- 
row cell  the  young  parasite  finds  food 
and  domicile  until  it  has  completed  all 
its  changes.  Then  it  eats  its  way  out, 
making  a  ragged  hole  in  the  shell,  and 
emerges  as  a  perfect  four- winged  fly  like 
its  parent.  The  fly  is  O.S™"  (i^  inch) 
long,  clear  yellow  in  color,  with  ruky 
eyes  and  iridescent,  hyaline  wings, 
which  are  delicately  fringed  with  hairs. 
It  has  been  bred  from  the  Tortrix  eggs  in  March  and  also  in  September. 
Fig.  72  represents  Trichogramma  minuta,  a  closely- allied  species,  which 
differs  from  Trichogramma  pretiosa  only  in  color  and  the  form  of  the 
small  joints  of  the  antennse. 

Jfiofropt«/)Iafyno<«p  Howard.^' — A  slender  hymenopterous  fly  has  been 
bre<l  from  the  larva  of  the  Orange  Leaf-roller.  It  is  honey-yellow; 
head  lemon-yellow,  with  dark  eyes  and  antennse.  The  head  is  much 
wider  than  long,  and  bears  above  three  dark-colored,  simple  eyelets 
(ocelli).  The  wings  are  hyaline.  Three  or  four  maggots  of  the  parasite 
are  found  living  within  a  Single  caterpillar  of  the  Tortrix,  which  is  at 
last  almost  completely  devoured  by  them.  The  parasites  form  naked 
pnpse,  loosely  disposed  within  the  tubular  web  of  the  destroyed  Leaf- 
roller,  and  in  about  nine  days  change  to  adult  flies  by  casting  the  thin, 
transparent  skin  of  the  pupa.    The  flies  were  obtained  in  September. 

Polyuphincta  albipes  Cresson. — Cocoons  of  slightly  yellowish,  coarse 
silk,  loosely  spun,  were  found  by  Professor  Comstock  on  an  orange  leaf, 
at  Rock  Ledge,  F)a.  The  flies  issued  in  February.  They  have  been 
described  by  Mr.  Cresson  in  the  Report  of  the  Commissioner  for  1879, 
p.  208.  The  body  is  dull  red,  smooth  and  polished ;  head  black,  with 
white  mandibles;  wings  hyaline,  and  legs  white.  Length  7"""  (^ 
inch).  This  insect  is  somewhat  doubtfully  considered  a  parasite  of  Tor- 
trix rostran*f. 

Goniozu9  n.  sp.;^^  family  Proctotrupidw. — A  minute  parasite  is  bred 
from  the  caterpillar  of  the  Leaf-roller.  It  has  a  shining,  black  body, 
with  yellow  legs  and  antennsB,  and  hyaline  wings,  with  a  dark-brown 
Ktigmal  spot.  Length  2.5""»  {^^  inch).  Four  or  five  of  the  parasites 
are  found  in  a  single  caterpillar.  They  spin  oval  cocoons  of  whitish 
silk  within  the  tubular  web  of  the  Tortrix.  The  parasites  issued  Octo- 
ber 1. 
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THE  SULPHUBCOLOBBD   TOBTEIOID. 

{Dichelia  [Tortrix]  ^ulphureana^  Clem.) 

The  caterpillars  of  this  widely -distributed  Leaf-roller  are  very  geueral 
feeders.  In  the  uortb^rn  States  they  are  frequently  injurious  to  Clover; 
in  the  South  the  long  list  of  their  Ibod-plants  includes  Cotton,  Straw- 
berry, Grape,  and  Orange;  upon  the  latter  they  are  somewhat  rarely 
found,  and  it  is  probable  that  the  thick  leaves  of  the  citrus  family  are 
not  well  adapted  to  the  needs  of  this  species.  The  caterpillar  bears  a 
close  general  resemblance  to  that  of  Platynota  rostrana^  but  is  somewhat 
smaller,  arid  the  head  and  thorax  are  pale  yellow.  The  pupa  is  dark 
mahogany  brown,  almost  black.  The  moth  is  sulphur-yellow  above; 
the  upper  wings  are  marked  with  red-brown,  or  purple-brown.  The 
markings  vary  greatly  in  different  individuals,  forming  a  double  letter 
Y  or  an  X  ux)on  the  folded  wings,  but  are  sometimes  reduced  to  a  series 
of  dots,  representing  only  the  terminal  and  intersecting  points  of  these 
letters.  The  uuder  wings  are  varying  shades  between  yellow  and  brown. 
Length  from  the  tip  of  the  beak  to  the  extremity  of  the  folded  wings,  11™" 
( ^  inch).  The  hfe-history  and  habits  of  this  species  in  Florida  are  prob- 
ably the  same  as  Platynota  rostrana.  In  the  Beport  of  the  Commissioner 
of  Agriculture  for  1880  will  be  found  an  account  of  both  species.  T. 
sulphureana  is  there  said  to  have  three  generations  in  a  year  in  the  lat- 
itude of  the  District  of  Columbia,  and  probably  only  one  in  middle  and 
northern  Maine. 

LABGEB  LEAF-BOLLEB. 

{Tortrix^y* 

This  is  a  somewhat  larger  insect  than  Platynota  rostrana^  from  which, 
however,  the  larva  differs  only  in  minute  details.  The  pupa  also  is  sim- 
ilar to  that  of  P,  rostrana.  The  moth  is  rust  red,  with  three  oblique 
bands  of  maroon-red  upon  the  upper  wings,  and  their  anterior  (outer) 
edge  is  ainuate. 

The  habits  of  this  species  are  precisely  the  same  as  the  foregoing,  but 
the  larva  being  larger  is  more  destructive,  and  often  half  cuts  off  small 
twigs  of  tender  growth,  the  leaves  of  which  it  folds  and  binds  together 
longitudinally,  and  feeds  without  preference  upon  the  wilted  leaves 
within  its  retreat,  or  upon  the  fresh  leaves  of  surrounding  branches. 

fFEB'MAEEBS, 
THE  OEANGE-LEAF  NOTHBIS. 

{Nothris  citri/oliella  Chambers.) 

The  caterpillars  of  a  minute  moth  have  been  reported  from  the  ex- 
treme southern  portion  of  the  orange  district,  as  doing  injury  in  the 
groves.  The  following  account  of  it  is  found  in  the  Annual  Report  of 
the  Commissioner  of  Agriculture  for  1879,  p.  205: 

'^  Specimens  of  this  insect  were  last  summer  received  from  Brevard 
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County,  Florida.    We  do  not  know  enough  of  its  habits  at  present  to 
do  more  than  describe  it  and  its  methods  of  work. 

**  According  to  Mr.  H.  S.  Williams,  of  Eock  Ledge,  the  larvse  have 
been  very  injurious  to  the  orange  trees  in  his  vicinity.  They  infest  the 
young  leaves  of  the  new  growth.  These  they  web  together  by  a  deli- 
cate ivhite  silken  web,  and  feed  upon  the  bud,  entirely  stopping  the 
growth  of  the  shoot.  If  disturbed,  the  worm  drops  by  a  thread.  It  is 
very  active,  and  when  removed  from  its  web  runs  quite  quickly. 

'^he  full  grown  larva  measures  about  12°"  (J  inch)  in  length.  It  is 
yellowish  in  color,  with  the  head  and  first  thoracic  segment  black  and 
somewhat  polished.  The  posterior  margin  of  the  black  thorax  is  pale- 
yellow.  The  anal  plate  and  legs  are  polished  yellow,  with  the  scattered 
hairs  nx>on  the  former  blackish }  all  other  hairs  are  yellow.  The  first 
pair  of  legs  is  black  and  the  rest  yellqw. 

"  When  re^y  to  pupate,  the  larva  rolls  a  leaf  around  itself  and  spins 
a  delicate  silken  cocoon,  in  which  it  transforms  to  a  rather  stout,  dark- 
brown  chrysalis.  There  is  nothing  so  characteristic  about  the  chrysalis 
as  to  merit  description.  The  moths  emerged  from  August  25  to  Sep- 
tember 5J^ 

THE  ORANGE  WEB- WORM. 

{An(Bgli8  demissalis  Led.) 
[Plate  XIII,  Fig.  1,  lo,  16.] 

The  caterpillars  of  this  interesting  little  moth  are  not  uncommon  upon 
orange  trees,  but  so  remarkably  well  protected  are  they  by  their  form, 
color,  and  surroundings,  that  the  skill  of  the  collector  will  be  taxed  to 
the  utmost  in  discovering  them. 

They  surround  themselves  with  a  tangle  of  web,  involving  several 
twigs  and  small  branches,  together  with  their  leaves.  (Plate  XIII,  Fig. 
1.)  Caterpillars  of  different  ages  will  be  found  in  each  web,  which  they 
occupy  in  joint  proprietorship  with  a  small  spider.  Between  this  spi- 
der and  the  AnsBglis  there  exists  the  most  perfect  harmony.  In  fact,  so 
close  is  the  association  of  these  allies,  that  the  Web  worm  is  never  seen 
except  in  company  with  the  spider,  and  the  webs  of  the  latter  are  sel- 
dom without  the  presence  of  the  caterpillars. 

It  must  not  be  supposed,  however,  that  the  Web- worm  is  a  mere  pen. 
sioner  upon  the  bounty  of  the  spider.  Both  are  web-makers ;  the  spi- 
der toils  by  day,  its  companion  is  active  at  night.  During  the  day  time 
the  caterpillars  remain  suspended  here  and 'there  in  the  web,  and  feign 
death.  Their  slender  bodies,  slung  in  all  sorts  of  positions,  are  rigidly 
extended,  and  the  head  is  bent  sharply  upwards  at  the  neck,  as  if  in 
rigor  mortis.    Ko  amount  of  disturbance  can  induce  the  insect  to  betray 

*  The  original  description  of  the  moth  will  be  found  in  Prof.  Comstock's  Beport 
(Beport  of  Commiseioner  of  Agricoltnre  for  1879,  p.  205). 
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itself  by  a  movement,  and  it  will  even  saffer  itself  to  be  crashed  with- 
out exhibiting  any  signs  of  life. 

The  color  of  the  caterpillar — a  cinnamon -brown — and  its  flattened, 
wrinkled  form  give  it  an  extraordinary  resemblance  to  a  shriveled  bit 
of  twig  or  leaf.  The  deception  is  rendered  perfect  by  the  presence  in 
the  web,  whether  by  accident  or  design,  of  dry  fragments  and  petioles 
of  orange  leaver  which  have  fallen  from  the  surrounding  branches. 

In  these  web-tangles  not  only  the  spider  lives  sociably  with  others  of 
its  kind,  hanging  their  egg-sacks  in  the  net,  and  raising  their  young, 
sometimes  in  numerous  colonies,  but  two  other  insects  unite  in  the  re- 
markable confederation,  and  form  for  mutual  protection  a  sort  of  ento- 
mological happy  family.  These  are  a  small  tree  Cockroach  and  a  coral- 
red  bug  (Hemipteron),  both  of  which  breed  and  lurk  in  the  tangles, 
passing  with  facility  over  and  between  the  meshes  of  the  net,  and  evi- 
dently feel  perfectly  at  home  there.  The  bug  is,  however,  known  to 
be  a  predatory  species,  and  feeds  upon  the  eggs  and  young  of  the 
Mealybug  (see  Chapter  VI). 

The  caterpillar  of  Anseglis  (Plate  XIII,  Fig.  1,  a)  is  long,  slender,  and 
somewhat  flattened,  in  color  rusty  or  cinnamon-brown,  with  a  faint 
tinge  of  green }  beneath,  dull  green.  The  body  is  finely  wrinkled  and 
speckled  with  minute  white  dots  and  with  a  row  of  bristles  on  each 
side,  having  a  large  white  dot  at  the  base  of  each.  The  second  joint 
and  last  joint  of  the  body  paler.  Head  mahogany-brown.  Length,  19 
to  20™»  (-ft  inch). 

Pupa  clear  brown,  finely  and  densely  speckled  with  darker  brown, 
the  intermediate  shades  producing  a  dark  mahogany  color;  the  breath- 
ing pores  on  the  sides  are  prominent  and  jet-black  in  color.  Terminal 
point  (cremaster)  red-brown,  furnished  with  six  or  eight  rather  long 
booklets.  It  is  usually  suspended,  like  the  larva,  in  a  more  or  less  hori- 
zontal position  in  the  thicker  parts  of  the  web ;  sometimes  naked,  but 
generally  with  a  light,  loose  tangle  of  web  and  bits  of  excrement  gath- 
ered about  it.    The  length  is  less  than  half  that  of  the  larva. 

The  imago  is  a  dainty  little  moth,  with  silver-gray  wings,  marked  with 
a  broad  band  and  several  wavy  lines  of  purple-black,  and  with  parti- 
colored legs.  It  has  the  triangular  fortn  characteristic  of  the  Pyralidae 
sometimes  called  Deltoides,  from  the  outline  assumed  by  the  wings  when 
at  rest,  which  is  that  o/  the  Greek  J.  The  eyes  are  large,  prominent, 
and  black.  The  rather  heavy  antennse  curving  backwards,  and  the 
pointed  maxillse  directed  upwards  like  horns,  instead  of  forward  in  line 
with  the  head,  give  an  air  of  alertness  to  the  insect. 

The  egg  is  laid  singly  upon  a  strand  of  the  web,  cither  of  the  larva  or 
the  spider  with  which  it  is  associated.  It  is  spheroidal,  pearly,  yellow- 
ish white,  and  adorned  with  a  microscopic  pattern,  consisting  of  elevated 
points,  from  each  of  which  five  pairs  of  raised  lines  radiate  to  the  five 
surrounding  points. 
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£rooib.— As  in  the  case  of  the  Leaf-rollers  {Tortricid^B)^  there  are 
many  broods  daring  the  year.  The  moths  have  been  bred  in  February, 
March,  April,  June,  July,  September,  and  October,  and  caterpillars  of 
all  ages  are  found  at  any  time  during  the  summer.  In  December  and 
Janaary,  however,  only  the  pupa  is  obtainable. 

Bemedies, — ^The  extent  of  direct  injury  done  to  the  Orange  by  these 
Web- worms  is  slight.  It  is,  however,  desirable  to  remove  them  from 
the  trees,  as  the  tangles  of  web  harbor  Scale-insects,  and  by  protectiug 
them  from  enemies  foster  their  increase.  In  many  cases  Scale-insects 
will  be  found  to  have  made  their  appearance;  brought  there,  in  all 
probability,  by  the  spiders.  It  is  therefore  a  wise  plan  to  cut  away 
the  infested  portion,  usually  comprising  only  a  small  inside  branch.  If 
this  cannot  be  done  without  too  much  mutilation — as,  for  example,  on 
young  plants — after  removing  the  web  from  the  branches  they  should 
be  sprayed  with  one  of  the  washes  recommended  in  the  treatment  of 
Scale-insects. 

IH8ECTS  OF  THE  OEDEB  HEMIPTEEA. 

THE  OBAI^aE  APHIS. 

{Siphonophora  citrifoUi  Ashmead.) 
[Plate  XIII,  Fig.  3  a,  6,  c,  and  d.] 

The  history  of  the  common  Plant-louse  of  the  greenhouse  and  gar- 
den has  often  been  written  and,  briefly  stated,  is  as  follows :  In  the 
autumn  eggs  are  deposited  singly  in  sheltered  places;  from  these  hatch 
in  the  spring  only  wingless  females,  which  do  not  lay  eggs,  but  are  vi- 
viparous and  produce  young  without  the  appearance  of  males.  During 
the  summer  one  generation  follows  another  with  an  astonishing  rate 
of  increase;  each  brood  consisting  solely  of  wingless  agamic  females. 
Finally,  the  last  brood  in  the  fall  consists  of  winged  males  and  females, 
by  whom  the  winter  eggs  are  produced  and  the  perpetuation  of  the  spe- 
cies secured  in  the  ordinary  matiner. 

The  Aphis  of  the  Orange  (Plate  XIII;  a,  wingless  female;  b^  winged 
females)  is  a  dark  green  Plant-louse,  from  1.5  to  2""  {-^^  to  -^^  inch) 
in  length,  and  hardly  distinguishable  in  a  popular  description  from 
some  of  the  species  common  everywhere  in  greenhouses  and  gardens. 
It  has  parti-colored  legs  and  garnet-red  eyes.  The  hue  of  the  body 
varies  with  age,  from  light  yellowish-green  or  rusty  green  in  the  very 
young,  to  dark  greea  in  the  adults.  The  winged  individuals  are  of  so 
dark  a  green  as  to  have  been  described  as  black,  and  the  young  of  this 
fbrm  are  distinguishable  at  an  early  age  from  those  destined  to  remain 
wingless,  both  by  their  darker  color  and  more  prominent  tubercles 
open  the  upper  surface  of  the  body.  Two  pairs  of  these  prominences 
jradaally  develop  into  wing-pads,  and  after  the  final  molt  become  well- 
foimed  and  transparent  wings. 
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The  development  of  this  southern  Aphis  differs  from  that  of  its  north 
em  congeners,  in  that  the  winged  and  the  wingless  individuals  occur 
together  at  all  seasons,  and  both  forms  produce  their  young  living.  The 
males  remain  undiscovered,  and  it  is  entirely  possible  that  they  rarely 
make  their  appearance,  perhaps  only  at  intervals  of  several  years.  In 
the  warm  climate  of  Florida  the  cold  is  never  sufficiently  severe  to 
kill  winged  females,  and  the  Orange  not  being  deciduous  a  supply  of 
food  is  nearly  always  at  hand.  A  winter  egg  is  not,  therefore,  a  neces- 
sity, as  in  the  North,  and  it  may  be  that  none  are  deposited  in  ordi- 
nary seasons.  The  late  fall  broods  consist  in  great  part  of  the  winged 
females,  while  in  spring,  and  especially  in  midsummer,  the  wingless  form 
predominates. 

In  the  act  of  birth,  the  hinder  end  of  the  young  Aphis  appears  first 
The  young  is  slowly  protruded  from  the  body  of  the  mother,  until  only 
the  tip  of  the  head  remains  unexpelled.  During  the  process  and  for 
a  few  minutes  after,  all  motion  outwards  ceases,  the  larva  remains  im- 
movable and  with  its  members  rigidly  applied  to  its  bodj'.  Soon  it  dis- 
engages first  one  leg,  and  then  another,  until  all  are  widely  extended. 
The  antennsd  are  then  raised  and  brought  forward.  This  movement 
severs  the  contact  with  the  mother,  and  the  new-bom  young  drops  upon 
its  feet,  in  the  full  possession  of  its  faculties  (which  it  makes  no  delay 
in  putting  to  the  test).  Within  ten  minutes  from  the  time  when  its  ex- 
pulsion from  the  mother  began,  it  is  quietly  feeding  by  her  side,  its 
sucking  beak  inserted  in  the  tender  tissues  of  the  leaf,  and  its  body 
rapidly  becoming  distended  with  the  juices  of  the  plant.  In  less  than  a 
week  after  its  birth,  the  plant-louse  has  become  adult,  and  begins  in  its 
turn  to  produce  young. 

Destructive  povcera, — The  Orange  Aphis  attacks  the  tender  new  growth ; 
it  checks  the  growth  of  young  shoots,  and  curls  the  tender  leaves. 
With  such  a  direct  and  rapid  method  of  reproduction,  and  with  a  winged 
form  of  female  ever  present  to  spread  the  pest,  it  will  be  seen  that  this 
insect  presents  a  truly  formidable  aspect  as  a  destroyer.  Were  it  not 
held  in  check  by  numerous  enemies  and  parasites,  it  would  soon  ruin 
the  trees  by  destroying  the  new  growth,  and  render  the  culture  of  the 
orange  for  profit  an  impossibility. 

The  work  of  enemies. — Such,  however,  is  the  activity  of  its  enemies 
that  not  a  single  individual  Aphis  escapes  destruction,  or  is  allowed  to 
exert  to  the  full  its  reproductive  powers.  Colonies  rarely  attain  great 
size,  and,  in  fact,  are  frequently  exterminated  in  their  very  beginning, 
and  before  any  appreciable  injury  has  been  done. 

The  parasite, — The  principal  agent  in  accomplishing  this  result  is  a 
parasite,  whose  larva,  feeding  internally  upon  the  Plant-louse,  finally 
kills  it.  In  dying  the  body  of  the  Aphis  becomes  distended  to  thi* 
utmost,  assumes  a  globular  shape,  and  turns  to  a  dingy  yellow  color. 
In  drying  it  adheres  firmly  to  the  plant.    (Plate  XIII,  Fig.  3,  c) 

Within  the  body -cavity  of  its  victim,  the  space  within  which  it  nearly 
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fills,  the  larva  of  the  parasite,  a  little,  white,  footless  grub,  lies  coDceale<l, 
carled  up,  with  its  head  touching  its  tail.  In  a  few  days  it  becomes  a 
popa,  and  six  or  seven  days  later  it  emerges  through  a  large  hole  eateu 
in  the  dry  shell  of  tbe  Aphis,  as  a  slender,  black,  wasp-like  fly,  with 
yellow  legs.  This  fly  is,  of  course,  very  minute,  being  j-J^  inch  in  length . 
It  is  Trioxys  testaceipes  Cresson.*     (Plate  XIII,  Fig.  4.) 

Its  wotk  can  always  be  seen  where  the  Orange  Aphis  has  been  colo- 
nized for  a  week  or  more,  in  the  numerous  bloated  remains  of  tbe  Aphis, 
some  of  which  may  still  contain  tbe  parasite,  and  others  exhibit  tbe 
round  hole  tbrough  which  it  has  made  its  exit.  (Plate  XIII,  Fig.  3,  c 
and  d.) 

Although  only  a  single  fly  is  bred  from  each  individual  of  the  plant- 
louse,  the  numbers  of  tbe  parasite  increase  more  rapidly  than  those  of 
its  victim,  and  as  every  Aphis  is  in  time  parasitized,  no  colony  long  es- 
capes extermination.  Were  it  not  for  the  facility  with  which  new  colo- 
nies can  be  started  at  adistance,  through  the  flight  of  the  winged  females, 
this  species  of  Aphis  and  some  others  which  are  similarly  attacked 
would  suffer  complete  extinction  in  a  single  season.t  . 

Oiher  enemies. — Numerous  other  enemies  combine  to  thin  the  numbers 
of  Plant-lice.  Those  which  have  fallen  under  observation  as  destroying 
the  Orange  Aphis  are  discussed  in  the  chapter  on  Predatory  Insects. 
Among  the  number  are  three  species  of  two- winged  flies  {Diptera), 
whose  larv£B  subsist  exclusively  upon.  Plant-lice,  and  several  species  of 
Lady  birds  {Coccinellidce)  which,  both  as  larvae  and  as  perfect  beetles, 
rely  to  a  very  great  extent  upon  this  source  for  their  food  supply. 

Remedies/or  Aphis. — Moderately  strong  applications  of  whale-oil  soap, 
or  the  kerosene  washes  recommended  for  Scale-insect,  are  perfectly 
effective  in  killing  the  Orange  Aphis,  and  will  not  injure  the  young 
growth  npon  which  they  are  found. 

THE  OBEEN  SOLDIEB-BUO. 

{Baphig€bster  hilaris^  Fitch.) 

[Fig.  74.] 

A  large  green  Plant-bug  is  sometimes  observed  to  suck  tender  shoots 
of  Orange,  causing  them  to  wither  and  die.  The  same  insect  is,  to  a 
certain  extent,  predaceous,  and  has  been  reported  as  sucking  Cotton 
Worms  and  other  insects,  for  which  reason  it  has  usually  beeu  classed 
among  beneficial  insects.  The  full-grown  bug  is  bright  green  in  color, 
with  a  very  fine  yellowish  line  around  the  entire  margin  of  the  insect, 
and  a  black  dot  at  the  outer  angles  of  each  abdominal  joint.      The  form 


*  Described  in  Beport  of  the  Commissioner  of  Agricultnre  for  1879,  p.  208. 

tHr.  Ashmead  has  described  another  minnte,  black  parasite,  which  he  bred  from 
tbe  Orange  Aphis,  and  to  wiiich  he  gives  the  name  Stenomenus  (t)  aphidicola,  (Orange 
losecta,  p.  67.)  Three  of  tbe  flies  issued  from  the  body  of  a  single  Aphis,  aiul  it  may 
be  a  seoondary  parasite,  preying  upon  tbe  Trioxys. 
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is  broadly  oval^  the  legs  slender  and  of  the  same  color  as  the  body. 

Length,  17»»  (^  inch). 
The  following  account  of  ravages  committed  by  the  Eaphigaster  is 

from  a  correspondent  in  Florida.    It  affords  a  good  example  of  the 

sudden  rise  into  importance  as  a  pest  of  an  insect 
which  is  ordinarily  a  quite  insignificant  enemy  of  the 
Orange. 

•  •  •  "You  also  request  observations  on  the 
Green  Soldier-bug.  I  forward  by  same  mail  twigs  of 
the  orange  tree  injured  by  the  bug.  The  insects  are 
coupling  now.    The  females  will  soon  lay  the  eggs  in 

_     ^^    „   ^.  a  cluster  on  a  leaf,  straddling  over  them  while  laying. 

Fig.  lo.—Baphigeutef  .         ■•       .  n  -n  •% 

hiiatit.  (After    The  youug  appear  m  the  latter  part  of  February  or 

the  first  part  of  March.  As  observed  by  the  eye  the 
young  are  blaek,  with  white  spots,  which  color  they  retain  until  nearly 
full  grown,  when  they  acquire  wings  and  change  to  a  bright  green. 
How  this  is  done  I  do  not  know.  They  mature  very  quickly,  and 
increase  with  surprising  rapidity,  continuing  to  breed  until  November. 
In  the  spring  and  early  summer  they  confine  their  attacks  principally 
to  garden  vegetables  and  succulent  weeds.  They  are  particularly 
abundant  on  tomato-vines,  egg-plants,  turnip-tops,  and  mustard,  sel- 
dom doing  much  damage  to  orange  trees  at  this  season.  When  pea- 
vines  are  well  grown,  about  or  a  little  before  the  time  of  blossoming, 
they  abandon  nearly  everything  for  the  pea- vines.  Last  year  they  to- 
tally destroyed  my  garden.  Not  one  tomato  came  to  perfection.  Where 
the  insect  had  inserted  its  sucking-tube  a  reddish -yellow  spot  ap- 
peared. When  cut  the  fruit  was  full  of  lumps  and  totally  devoid  of 
flavor.  The  tomato- vines  grew  so  enormous  a  crop  that  the  ground  was 
almost  covered  by  the  fallen  fruit.  Last  year  I  had  35  acres  planted  in 
cow-pea  vines,  which  bore  an  enormous  crop  of  peas;  but  not  enough 
sound  peas  could  be  gathered  to  plant  5  acres  additional  land.  Later 
it  was  impossible  to  find  a  sound  pea.  I  attempted  to  turn  under  the 
vines,  but  so  luxuiiant  was  the  growth  that  it  could  not  be  done.  To- 
wards the  end  of  August  the  pea -vines  were  dead  or  dying,  when  the 
bugs  swarmed  to  the  orange  trees,  killing  nearly  all  the  new  growth. 
Immense  numbers  were  killed  by  keeping  men  constantly  going  over 
the  grove,  shaking  the  trees,  and  killing  all  that  fell  on  the  ground. 
The  wingless  individuals  were  readily  killed,  but  the  larger  number 
of  the  mature  insects  saved  themselves  by  flight.  This  method  of  de- 
struction was  kept  up  until  the  middle  of  December,  by  which  time 
very  few  were  found.  On  very  cold  days  the  winged  insects  were  nearly 
dormant  and  could  not  fly.  I  have  the  trees  frequently  searched  now, 
but  rarely  find  the  bug.  The  number  of  the  insects  is  incredible. 
When  thoroughly  shaken,  the  ground  under  the  trees  would  be  alive 
with  the  fallen  insects,  and  two  days  later  just  as  many  would  be  found. 
I  despaired  of  getting  rid  of  them  until  the  cold  weather  commenced, 
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wheD  I  found  the  namber  rapidly  decrease  until  their  nearly  total  ex- 
tinctioa. 

^^As  to  the  damage.  The  bag  first  attacks  the  latest  growth,  which 
wilts  and  droops  while  the  bug  is  sacking ;  in  a  few  days  the  shoot  is 
dead ;  the  same  eye  soon  sends  oat  another  shoot  which  shares  the  fate 
of  its  predecofe^sor,  and  so  on  nntil  the  eye  has  the  appearance  of  a  large 
boDch,  as  yon  will  see  on  twigs  sent.  After  all  the  tender  growtu  has 
been  destroyed  the  bag  inserts  his  sharp  sucking  tube  in  the  previous 
growtli  which  has  nearly  hardened.  Here  I  can  only  give  you  the  facts 
and  my  theory ;  it  is  a  fact  that  the  insect  sucks  such  wood,  but  the 
damage  does  not  follow  so  quickly ;  but  very  soon  after,  on  such  wood 
known  to  be  sacked,  numerous  bumps  appear,  which  crack  and  exude 
a  sticky  sap,  white  at  first,  but  soon  a  rusty  red,  and  hard.  Later  on 
the  insects  suck  the  juice  from  fully-matured  wood  (an  inch  or  more  in 
diameter);  on  this  wood  the  bumps  do  not  appear,  but  the  same  kind 
of  sticky  sap  exudes  in  tears,  which  soon  hiirden  and  redden  and  are 
what  I  onderstand  by  ^^  red  rust."  That  the  cause  and  effect  are  strictly 
troe  I  can  only  surmise,  but  this  much  I  and  my  men  have  seen :  the  in- 
sects socking  the  sap  as  stated  and  the  branches  where  sucked  having 
the  appearance  described.  In  the  winter  months  I  have  found  clusters 
of  the  bags  on  the  stocks  of  the  buds,  two  inches  in  diameter,  and  always 
an  exudation  of  sap  at  these  places,  which  I  have  never  observed  to 
redden  as  in  the  instances  stated  above.  Why  this  is  so,  and  why  the 
ioaect  leaves  the  more  tender  bud  above  to  suck  the  sap  from  harder 
wood  nearer  the  roots,  I  can  offer  no  suggestion.  At  first  I  was  strongly 
inclined  to  think  that  red  rust  was  caused  by  soil-poisoning,  but  if  so, 
why  is  it  that  trees  have  grown  for  so  many  years  on  the  same  soil  and 
never  had  this  disease  until  the  introduction  of  the  Oreen  Bug  f  To 
illostrate :  When  I  bought  this  place  ten  years  ago  there  was  a  field  of 
five  acres  which  had  been  in  partial  cultivation  several  years,  and  on 
which  grew  spontaneously  the  tomato  and  mustard  plant,  the  two  plants 
on  which  the  insects  thrive  the  best,  (At  present  I  can  only  find  the 
insect  on  the  mustard.)  Since  my  purchase  I  have  kept  this  field 
constantly  growing  pea- vines,  as  well  as  the  forty  other  acres  which 
I  have  in  orange  trees,  thus  giving  every  encouragement  to  the  in- 
crease of  the  pest  Adjoining  this  old  field  was  a  wild  orange  grove 
in  a  dense  forest.  Many  of  the  sour  stumps  had  large  sweet  buds, 
neither  the  buds  nor  sour  trees  giving  any  signs  of  the  red  rust  until 
the  winter  following  the  clearing,  and  after  a  crop  of  pea- vines  had  been 
grown  among  the  trees.  Now  the  trees  in  this  wild  grove  are  just  as 
much  damaged  as  in  the  old  field  adjoining.  Another  case  I  will  men- 
tion, and  not  trespass  further  on  your  patience.  Five  miles  distant  is 
the  grove  of  L.  Merritt,  a  wild  grove  budded.'  The  buds  are  six  years 
old  and  onght  to  be  bearing  heavy  crops,  but  an  occasional  bloom  is  all. 
The  trees  have  been  in  an  nnhealthful  and  ''die  back"  condition  for  sev- 
eral years.  When  visiting  his  grove  in  the  fall  of  1881, 1  told  him  I  haa 
6621  o  I— —U 
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some  trees  in  the  same  condition  and  was  inclined  to  think  the  Oreen 
Bug  was  the  cause.  Since  that  time  he  has  persistently  hunted  the  bag, 
whipping  it  out  of  the  large  trees  with  poles,  and  killing  wherever 
found ;  also  he  stopped  planting  peas.  I  have  just  visited  his  grove  and 
found  bat  two  twigs  damaged,  and  could  not  find  a  specimen  of  the 
bug.  The  trees  have  changed  so  remarkably  in  this  grove  that  it  was 
past  recognition.  Instead  of  a  dense  crop  of  dead  twigs  all  over  his 
grove,  as  at  a  previous  visit,  the  trees  had  nearly  doubled  in  size,  and 
had  a  very  large,  healthy  growth  of  branches  in  place  of  the  dead  twigs- 
I  hear  his  trees  are  now  in  profuse  bloom.  I  do  not  think  that  washes 
will  do  much  damage  to  the  bug.  Very  strong  whale-oil  soap  rarely 
kills.  Whale-oil  soap,  1  pound;  kerosene  oil,.!  pint;  water,  12  pints; 
sometimes  kills  when  sprayed  over  them,  nearly  always  when  immersed* 
Pure  kerosene  kills,  but  not  always  instantly. 

"The  Green  Bug  has  a  parasite.  I  do  not  know  what,  but  I  frequently 
find  their  shells  with  the  inside  devoured.  Last  winter  I  buried  a  num- 
ber to  see  if  plowing  under  would  kill  them.  In  ten  days  none  were 
dead ;  in  three  weeks  20  per  cent,  were  dead,  nothing  remaining  but  the 
shells;  in  six  weeks  all  but  one  were  dead,  empty  shells  remaining. 
The  living  insect  I  put  in  a  bottle  with  a  little  earth  over  it,  hoping  to 
find  the  parasite,  but  unfortunately  in  about  ten  days  the  bottle  was 
broken,  the  Green  Bug  was  dead,  the  shell  empty  as  in  the  other  in- 
stances. 

"  At  present  the  insect  is  very  rare  here ;  if  found  at  all,  generally  on 
the  mustard  plant  or  weed  locally  known  as  nightshade.  Yesterday, 
while  showing  a  lemon  tree  to  some  visitors,  I  found  some  of  the  twigs 
drooping  and  remarked  it  looked  like  the  work  of  the  Green  Bug.  One 
was  found  under  a  leaf  close  to  his  work.  I  send  you  one  of  the  shoots. 
If  at  any  time  you  may  consider  the  subject  of  suffiient  importance  to 

send  a  trained  observer  in  the  field,  I  will  be 
happy  to  see  him  here  and  place  every  facil- 
ity at  his  disposal."— fJAMBS  Franklin, 
West  Apopka^  Fla.^  January  31, 1883. 

THE  THICK-THIGHED   METAPODIUS. 

(Metapodiua  femoratusj  Fab.) 

[Figs.  74  and  75.' 

A  large  dark-brown  bug,  emitting  an  un- 
pleasant odor  when  handled,  is  addicted  to 
sucking  the  juices  of  the  Orange,  attacking 
either  the  succulent  shoots,  the  flowers,  or 
Fio.  74.— Ketai/oditt*  femoratut.      the  fruit.    It  has  a  hcavy,  clumsy  body,  with 
^     ^^    °^^*  X^^oj^^^'^g  ^^^^^^  ^o  ^^^  ^^^^^  ?  the  thighs 

of  the  liiml  pair  of  legs  are  swollen  and  spiny,  and  the  shanks  of  the 
same  pair  are  flattened  with  jagge4  edges.    The  adult  bug  is  nearly  one 
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inch  long.     Althongti  singgbli  in  hiibit,  it  tiiktjs  wiog  when  dUturbeil, 
and  flies  heavily  with  a  lond,  buzzing  DoJBe. 

The  eggs  hare  tbe  form  of  an  oval  casket,  triangular  in  section,  au  d 
are  quite  large;  3™  {-^  inch)  in  length.  They  are  laid  singly  upon 
tbe  leaves  of  plants,  and  are  very  beautifnl  objects, 

oialescent,  and  gleaming  like  a  drop  of  molten  gold.        ^^ 

Figs.  76  a  and  b  show  the  egg  with  the  exit  bole  of    ( 3    ^     ' 

the  larva.  Fia.  75.— eek  of  jin- 

The  young  make  their  exit  through  a  large  bole       "Srfs^-i^'""'™"*' 
eaten  in  the  end.    Tbe  young  bugs  are  brightly  va- 
riegated vfith  red  and  black,  and  tbeir  bodies  bristle  sill   over  with 
ttpines.    They  grow  more  somber  in  color  with  each  casting  of  the  skill, 
and  gradnally  approach  tbe  adult  in  form  and  color. 

OTHER  STICKIMG  BUGS. 

Metapoditu  terminalis  Dallas. — Tbis  species  can,  with  dilhculty,  be 
distiuguiahed  from  the  precetling,  aud  the  same  account  may  be  given 
of  its  life  aud  habits.  Both  species  of  Metapodius  vuiy  grcall.v  in  size, 
but  JT.  terminalis  is  usually  the  larger  and  heavier  of  the  two.  M./em- 
oratuM  is  tbe  commoner  species  in  the  cotton -growing  States,  and  M. 
terminalit  is  more  abundant  in  the  orange  di:itricts  of  Florida. 

Like  tbe  Green  Soldier  bng  {Raphigatter  At/am),  the  si)ecies  of  Meta- 
podius are  known  to  prey  ttpon  other  iusects,  })ai'ticularly  upon  cater- 
liillars,  which  are  filled  with  the  juices  of  plants,  aud  there  may  be  oAen 
a  doubt  us  to  whether  they  are  injurious  or  beneficial. 

Eutkocktka galeator  (Fab.]>     (Fig.  77). — Tbis  is  another  foal-smelling 
bug,  having  tbe  general  shape  and  appearance  of 
Metapodius.    It  is  however  a  smaller  and  bgbter-col-         a.  *« 

ored  insect;  and  tbe  shanks  of  the  hind  legs  are  slen-  /vX/jX 
der.  The  color  is  lusty-browu,  and  the  length  of  /  ^^^y  ^ 
the  adalt  insect  is  !(!'"'"  (^  iucb).  /'^T^S'l 

The  eggs  of  Euthocktha  galeator  resembles  those      '      '  ^  ' 
of  Metapodius,  but  are  only  one-third  as  large,  and 
are  laid  in  irregular  clusters  on  leaves  or  stems  of 
plants.    Their  color  is  a  mddy  gold. 

The  yoong  bugs  are  purple-black,  with  orange 
heads  and  crimson  abdomens.  Their  bodies  are 
very  spiny. 

Tbe  habits  of  this  bng  do  not  differ  from  those  of 
Metapodius.     It  is  a  very  common  aud  often  a  very  destructive  insect. 

Other  specie.8  of  plant  sucking  bugs  will  be  found  doing  occasional 
damage  to  tender  growth  on  Orange,  but  the  above  are  the  largest  and 
best  knowu  of  tbis  class  of  offenders. 


CHAPTER  XL 

INSECTS    AFFEOTING    THE    BLOSSOM    AND    FEUIT,    AND 

SCAVENGER  INSECTS. 

INSECTS  AFFECTING  THE  BLOSSOMS. 

During  the  season  of  blooming,  insects  of  many  species  are  seen  flit- 
ting about  the  trees,  attracted  thither  by  the  fragrance  of  the  blossoms, 
and  feeding  upon  the  nectar,  which  they  secrete  in*  abundance.  The 
greater  number  of  these  visitors  are  not  only  harmless  to  the  plant,  but 
are  even  of  the  greatest  service,  in  securiug  the  fertilization  of  the  flow- 
ers, which  could  not  otherwise  be  accomplished.  * 

In  fact,  it  is  a  fair  inference  that  its  fragrance  and  its  sweets  serve 
no  other  purpose  in  the  economy  of  the  flower  than  to  call  to  its  aid 
friendly  insects  which,  in  their  restless  movements  from  flower  to  flower, 
bear  with  them  and  distribute  widely  the  fertilizing  pollen  dust. 

A  few  injurious  insects,  however,  frequent  the  blossoms.  These  are 
all  sucking-bugs,  and  they  cause  the  buds  to  blast  and  the  flowers  to 
fall  prematurely,  by  tapping  the  juices  from  their  stems  and  other  parts. 
Among  the  most  injurious  are  the  Green  Plant-bug,  BapMgaster  hilars 
Fitch,  mentioned  in  the  preceding  chapter,  and  the  Leaf-footed  Bug, 
LepioglosBus  phyllopm  {hmn.)^2i.xi  insect  which  will  be  considered  among 
those  especially  injurious  to  the  fruit. 

THBIPff  TEITICI  (t)  Fitch. 

^     [Fig.  77.] 

By  far  the  most  common  insect  found  in  orange  blossoms  is  a  little 
yellowish  bug,  whose  slender  body  measures  but  1™"  (3^  inch)  in 
length.  The  color  of  the  eyes  is  dark  red  or  brown ;  all  the  other  parts 
are  clear  honey  yellow.  The  adults  have  narrow  wings  fringed  with 
hairs.  These  hairs  are  characteristic  of  the  family',  and  replace  the 
membranous  parts  of  the  wing  of  most  other  insects. 

Notwithstanding  the  rudimentary  structure  of  their  wings,  these  in- 
sects are  capable  of  active  flight,  and  they  also  have  the  ])ower  of  leap- 
ing. 

The  Orange  Thrips  inhabits  all  sweet-scented  flowers.  In  Lilies  and 
Boses,  as  well  as  in  orange  blossoms,  they  sometimes  swarm  in  countless 
numbers,  and  do  great  damage  whenever  they  become  unduly  abundant. 

From  orange  blossoms  they  are  seldom  wholly  absent.  They  appear 
however  to  feed  for  the  most  part  upon  the  stamens  and  petals,  from 
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Fio.  77.— Thripi  tt-itici:  a,  Thripg  en- 
Laip;ed,  drawn  from  living  speci- 
ni«>nn;  b,  nntenua;  e,  leg,  much 
enlarged.     (Original.) 


which  they  suck  the  bland  and  fragrant  oil.    In  the  Orange,  these  parts 

of  the  flower  are  naturally  deciduous,  and  the  effect  of  the  attacks  of 

the  Thrips  is  to  hasten  their  fall ;  for  the  most  part  leaving  uninjured 

the  fruit- producing  pistil,  which  moreover  will  not  fail  to  have  been 

fructified  with  the  pollen  which  these  active  midgets  distribute  over 

every   part.  Figure   5  on  Plate  XI  shows 

an  orange  blossom  infested  with  these  in- 

st'cts.    The  Orange,  being  a  profuse  bloom  - 

er,  commonly  sets  more  frdit  than  it  can 

mature,  and  is  constantly  throwing  off  the 

surplus  from  the  time  when  the  buds  begin 

to  open  until  the  branches  are  relieved  of 

their  burdens  at  the  harvest.     A  large 

share  of  the  energy  of  the  tree  is  expended 

uselessly  in  the  fruit  which  falls   to  the 

ground  prematurely,  and  is  lost. 

The  ofienitions  of  the  Thrips  are  confined 
to  the  flowers  and  therefore  tend  to  antici- 
pate and  prevent  this  waste,  b^^  thinning 
out  the  superabundant  bloom  at  the  outset. 
For  this  reaijK)n  the  insect  is  more  often  a 
friend  than  a  foe  to  the  plant,  and  were  it  not  for  the  fact  that  its 
numl)ers  sometimes  increase  inordinately  and  to  such  an  extent  as  to 
ettect  injuriously  the  forming  crop,  it  could  not  be  classed  among  the 
insect  enemies  of  the  Orange. 

The  Orange  Thrips  is  frequently  an  annoyance  to  persons  occupied  in 
flower  gardens  where  Lilies  and  Eoses  are  in  bloom.  It  settles  upon  the 
hands  and  face,  and  bites  sharply,  although  without  poisonous  irrita- 
tion. * 

Remedies. — A  moderately  strong  solution  of  whale-oil  soap,  one  pound 
to  four  or  five  gallons  of  water,  will  suffice  to  destroy  this  insect  if 
Bprayed  upon  the  flowers  in  fine  spray.  Applications  of  pyrethrum 
will  also  effectively  reduce  their  numbers.  It  is  best  used  in  liquid,  de- 
livered in  fine  spray  upon  the  flowers.  One  ounce  of  the  powder  in 
each  gallon  of  water  is  sufficient  to  destroy  the  Thrips.  The  powder 
must  be  kept  suspended  by  frequent  agitation  of  the  liquid. 

*      nrSECTS  APTEGTHTO  THE  FBUIT. 

THE  COTTON  STAINES  OU  RED  BUG. 

(Dysdercus  suturellus  Herrich-Sch.) 

[Plate  XI,  Fig.  4.] 

This  Soldier- bug,  well  known  to  cotton-growers  in  Florida,  as  occa- 
sioning great  loss  by  puncturing  the  cotton  bolls  and  injuring  the  fiber, 
has  recently  been  found  destructive  to  oranges  by  puncturing  the  rind 
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aud  causing  the  fruit  to  drop  from  the  trees  and  rot  rapidly.  AttentioD 
was  first  called  to  this  new  habit  of  the  bug  by  letters  to  the  Depart- 
ment of  Agriculture  from  South  Florida^  in  December,  1879.  Since 
that  time  numerous  reports  have  been  received  of  excessive  injuries 
done,  especially  in  cases  where  cotton  is  raised  among  or  in  close  proxim- 
ity to  the  orange  trees. 

The  Cotton  Stainer  may  be  distinguished  from  all  other  Soldier-bugs, 
some  of  which  resemble  it  superficially,  by  its  rather  oval  form,  deep 
coral-red  color,  and  white  markings,  which  form  a  collar-ring  behind 
the  bead,  and  a  border  upon  each  joint  of  the  body.  The  wings  of  the 
young  are  mere  pads  of  black  color,  but  in  the  adult  they  cover  the 
body,  and  are  crossed  with  narrow  lines  of  white,  forming  the  shoulder- 
straps,  from  which  these  insects  take  the  name  "  Soldier-bugs."  , 

Broods,  HabitSy  <fec. — There  are  many  broods  during  the  warm  months 
^nd  even  in  mid- winter  the  young  may  often  be  found. 

The  principal  food  of  the  bug  is  the  oil  of  cotton  seed,  to  obtain  which 
it  punctures  the  hard  seed-coats.  It  also  feeds  upon  the  seeds  of  other 
Malvaceous  plants,  although  the  precise  species  attacked  have  not  been 
ascertained.  In  winter  the  Ked  Bug  may  be  found  gathered  in  vast 
numbers  upon  the  heaps  of  waste  cotton  seed  about  the  gin  houses. 

The  eggs  are  oval  in  shape,  amber-colored,  with  a  pearly  luster,  and 
present,  under  a  lens,  a  pattern  of  closely  reticulated  lines.'  They  have 
been  sent  to  the  Department  of  Agriculture  from  the  Indian  River, 
Fla.,  in  April,  <^  laid  in  a  group  of  twenty-one  upon  the  under  side  of  an 
orange  leaf."  *  That  this  disposition  of  the  eggs  is  normal  may  be  some- 
what doubtful.  In  winter  at  least,  and  around  gin  houses,  the  eggs  aie 
dropped  loosely  in  the  sand,  and  among  the  heaps  of  cotton  seed  upon 
which  the  bugs  are  feeding. 

Attacks  upon  the  Qrange. — In  January  and  February,  if  the  weather 
is  mild,  the  Bed  Bugs  desert  the  fields  where  they  have  lingered  upon 
the  dead  trash  and  waste  of  the  cotton,  and  suddenly  make  their  ap- 
pearance in  the  orange  groves.  Usually  this  takes  place  only  in  groves 
adjoining  fields  that  have  been  planted  in  cotton,  but,  as  they  are 
strong  flyers,  the  bugs  not  unfrequently  migrate  in  considerable  num- 
bers to  a  distance  even  of  several  miles. 

At  first,  only  adults  are  seen ;  these  at  once  attack  the  fruit  upon  the 
trees.  A  week  or  ten  days  later,  the  wingless  young  appear;  always 
upon  the  ground,  clustering  upon  the  fallen  fruit.  If  thQ  trees  are  not 
stripped  and  the  fruit  harvested  before  the  young  brood  become  adult 
and  acquire  wings,  the  entire  crop  will  be  lost.  Even  the  packing-house 
is  not  safe  from  invasion,  and  fruit  is  apt  to  be  destroyed  after  it  has 
been  gathered  and  stored  in  the  bins. 

In  puncturing  the  orange,  the  bugs  insert  their  slender  sucking  beak, 
often  its  entire  length,  and  although  the  oil  of  the  rind  forms  their 
principal  food,  they,  nevertherless,  frequently  regale  themselves  with 

*  Report  of  the  Commissioners  of  Agriculture  for  1679,  p.  204. 
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draughts  of  juice  from  the  palp  within,  and  are  sometimes  seen  to  sack 
the  juices  from  the  suriaee  of  split  or  injured  fruit,  tapping  it  with  the 
tips  of  their  probosces,  after  the  manner  of  flies. 

The  sucking-tube,  having  the  fineness  of  a  hair,  leaves  no  visible 
wound  upon  the  outside  of  the  fruit,  and  within  no  indication  of  its 
passage.  An  orange  which  has  been  attacked  therefore  shows  no  out- 
ward sign  of  injury ;  nevertheless,  a  single  puncture  causes  it  to  drop 
in  a  few  hours  from  the  tree,  and  to  decay  in  one  or  two  days 

It  is  quite  useless  to  pack  for  shipment  to  a  distance  the  fruit  from  a 
grove  which  is  attacked  by  Bed  Bugs,  since  the  unsound  fruit  decays  in 
the  packages  and  soon  ruins  the  whole. 

Oeogrcg^hiedl  distribution. — ^The  Cotton  Stainer  is  an  inhabitant  of 
warm  climates.  It  is  foundin  great  abundancein  the  Bahamas,  where, 
aeoording  to  Mr.  £.  A.  Schwarz,*  it  annually  destroys  a  large  part  of 
the  cotton  crop.  From  the  Bahamas  or  other  West  India  islands  it 
may  have  been  introduced  into  the  extreme  southern  portions  of  the 
cotton  belt,  in  the  United  States.  In  Florida  it  has  not  been  reported 
as  oocmring  north  of  Gainesville,  in  Alachua  County,  and  it  is  unknown 
to  ootton-planters  in  the  northern  part  of  that  county,  although  a  famil- 
iar insect  in  cotton  fields  everywhere  south  of  Gainesville. 

The  taste  for  oranges  appears  to  have  been  recently  acquired.  Mr. 
Glover,  in  the  Agricultural  Report  for  1875,  gives  an  account  of  the  in- 
sec*  and  its  depredations  upon  cotton,  but  does  not  mention  it  among 
the  insects  noted  as  injurious  to  the  Orange.  It  should,  however,  be 
remarked  that  at  the  date  of  Mr.  Glover's  observations  comparatively 
few  bearing  orange  groves  existed  in  the  more  southern  portion  of  the 
State. 

In  1879  the  insect  first  attracted  the  attention  of  orange-growers, 
and  the  crop  of  that  year  was  injured  by  it  in  several  widely  separate 
portions  of  the  fruit  belt.  In  various  parts  of  the  State  it  has  since  be- 
come a  well  known  and  much  dreaded  pest,  and  has  occasioned  very  se- 
rious losses. 

Freedom  from  Attacks  of  Enemies, — The  Bed  Bug  is  one  of  those  showy 
insects  which  are  probably  possessed  of  an  acrid  flavor,  disagreeable  to 
other  animals,  and  are  in  consequence  not  much  preyed  upon  by  ene- 
mies. Certain  it  is  that  the  Bed  Bug  is  not  eaten  by  fowls  or  other 
birds,  nor  has  any  enemy  of  its  own  class  been  hitherto  observed  to  at- 
tack iL  The  eggs  will  very  probably  be  found  to  have  parasites,  as  is 
the  case  with  most  other  Hemiptera,  but  none  have  as  yet  been  discov- 
ered 

Remedies  and  remedial  Measures. — In  default  of  aid  from  predatory 
animals  it  remains  for  man  alone  to  combat  this  pest.  Its  extermina- 
tion, in  view  of  its  gregarious  habits,  would  not  be  a  matter  of  great 
difBcully,  if  concerted  action  over  wide  areas  could  be  secured.    As  was 

*Bepoii  upon  Colton  InaeetSi  Department  of  Agricnltiire.    1879.    Appendiz  I,  p, 
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long  ago  suggested  by  Mr.  Glover,  in  his  report  above  mentioned,  the 
bags  may  be  attracted  to  small  heaps  of  sugarcane  trash,  with  which 
Paris  green  or  some  other  poison  should  be  mixed ;  or  the  bngs,  when 
collected  upon  piles  of  cotton  seed  in  winter,  may  be  destroyed  by 
drenching  them  with  boiling-hot  water.  The  experience  of  several  oot-- 
ton-planters  with  this  last  method  has  shown  it  to  be  practicable,  but 
to  be  effective  it  must  be  thoroughly  carried  out.  As  the  eggs  cannot 
all  be  reached  and  destroyed  by  the  hot  water,  the  operation  needs  to 
be  repeated  several  times  at  such  frequent  intervals  that  the  bugs  are 
not  allowed  to  reach  maturity  and  deposit  fresh  eggs. 

In  the  orange  grove  effective  traps  may  be  made  with  refuse  oranges, 
orange  peel,  &c.,  and  the  bugs,  when  thus  collected,  may  be  destroyed 
with  the  kerosene  washes  used  for'  Scale-insects.  The  kerosene  solu- 
tions will  also  be  more  effective  than  hot  water  in  reaching  and  killing 
the  eggs. 

The  Bed  Bug  can  never  become  permanently  attached  as  an  enemy 
to  the  orange  tree,  since  the  fruit  which  alone  supplies  it  with  food 
lasts  only  a  few  weeks,  and  during  the  balance  of  the  year  the  insect 
must  seek  its  subsistence  elsewhere.  It  is  therefore  an  enemy  to  be 
dreaded  only  in  the  vicinity  of  cotton  fields  and  gin  houses,  in  districts 
where  cotton  is  largely  planted,  or  lastly,  and  with  less  probability,  in 
case  thickets  containing  numerous  wild  Malvaceous  plants  furnish  the 
bugs  with  a  supply  of  food  during  the  months  when  the  Orange  is  not 
in  fruit. 

In  South  Florida,  at  least,  the  planting  of  cotton  in  the  vicinity  of 
orange  groves  will  necessarily  be  abandoned.  Throughout  the  orange 
district  the  acreage  planted  in  cotton  has  never  been  large,  and  it  is 
for  many  reasons  likely  to  diminish  rather  than  to  increase.  With  the 
abandonment  of  cotton  planting,  the  Red  Bug  may  be  expected  to  dis- 
appear from  this  region. 

THE  LEAP.POOTED  BUG. 

{Leptoglossus  phylloptLs  Linn.) 
[Fig.  78.J    • 

This  is  a  chocolate-brown  bug,  three  quarters  of  an  inch  in  length. 
It  has  the  shanks  of  the  hind  legs  very  broadly  flattened,  and  the  edges 
jagged,  resembling  a  tattered  leaf  fragment;  hence  its  popular  name. 
The  markings,  a  white  bar  across  the  folded  wings,  and  a  small  spot  of 
the  same  color  on  each  of  the  leaf-shaped  shanks,  are  very  character- 
istic, and  render  this  species  easily'  distinguishable  among  other  bugs 
of  the  same  family.  The  young  bngs,  with  undeveloped  wings,  show 
the  brighter  red  color  of  the  body,  and  do  not  acquire  the  peculiar  flat- 
tened hind  shanks  until  nearly  adult. 

The  eggs  are  golden  brown  in  color,  and  are  laid  iif  a  single  row  ot 
obain,  along  a  stem  or  the  leaf  rib  of  a  plant.    They  are  cyIindrioal| 
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flattened  on  the  un<1er  side  and  at  the  ends,  and  are  closely  applied  end 
to  end,  forming  a  stiff,  cylindrical  rod  in  which  each  egg  appears  as  a 
joint  or  cell.  The  young  issue  through  a  largo  hole  eaten  in  the  upper 
side  of  the  egg. 

The  normal  food  of  this  bug  in  the  South  is  a  large  Thistle,  upon  the 
heads  of  which  young  and  old  may  be  found  clustering  and  sucking  the 
jaices  of  the  plant.  The  young  bugs  are 
rarely  foand  in  Florida  except  upon  the 
Thistle,  or  similar  succulent  plants,  but 
the  adult  bugs,  being  strong  on  the 
wing,  make  excursions  to  very  great 
distances,  and  enter  the  orange  groves 
at  the  time  of  blooming,  to  suck  the 
opening  l^uds  or  tender  shoots.  Again 
they  may  be  iound  attacking  the  ripen- 
ing fruit,  and  causing  It  to  drop  in  con- 
sequence  of  their  punctures.  The  dam- 
»  age  done  in  this  way  is  often  very  con- 
siderable, and  in  some  reported  cases 
has  amounted  to  an  almost  total  loss  of 
the  crop. 

Like  many  bugs  of  this  family,  they 
are  particularly  active  in  hot  weather,  and  it  is  then  very  difficult  to 
get  within  reach  of  the  adult  insects,  as  they  take  wing  readily  and 
fly  away.  Bnt  in  cool  or  cloudy  weather  they  are  more  sluggish  and 
ma>  easily  be  found  and  killed  by  hand-picking,  or  by  knocking  them 
into  a  bag  or  net  with  a  stick. 

Where  Thistles  are  abundant  this  bug  is  sure  to  prove  a  serious 
pest,  as  the  Thistles  form  a  propagating  ground  from  which  they  spread 
to  a  distance.  A  single  large  patch  of  Thistles  has  been  known  to  infect 
a  wide  area,  but  when  these  were  cut  down  and  destroyed,  the  bugs  in 
time  disappeared  from  the  groves  in  the  neighborhood  and  gave  no  fur- 
ther trouble. 


TiQ.  7S,—Leptoglotaut  phffUopui.  (OrigiiiaL) 
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An  unknown  worm,  of  perhaps  an  inch  in  length,  is  said  to  be  very 
destructive  to  oranges  in  Mexico.  It  penetrates  the  fruit  to  the  core, 
and  feeds  ui)on  the  pulp,  both  fresh  and  after  it  has  begun  to  rot  in  con- 
sequence of  the  attack. 

A  few  years  ago  a  very  large  percentage  of  the  oranges  sold  in  the 
markets  at  Vera  Cruz  contained  these  worms,  and  were  entirely  uneiit- 
sble.  It  is  said  that  no  mark  ux)on  the  outside  of  the  fruit  reveals  the 
presence  of  the  worm  within. 

In  the  absence  of  any  definite  knowledge  in  regard  to  this  insect,  it 
to  only  possible  to  poiut  out  the  danger  of  its  introduction  first  into  the 
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groven  of  Lonisiana  and  then  ioto  Florida  by  means  of  oranges  \i 
ported  from  Mexico  at  tUe  port  of  New  Orleans.' 


SCAVEHOEK  IHSECTa 

INSECTS  FEEDING   UPON  DEAD   WOOD  AND  BARK. 

TBEU-INHASITINQ  ANTS. 

Several  8i)ecie8  of  ants  whicb  live  in  trees  make  their  oests  in  the  dead 
wood  of  the  Orange,  moi*  »'8|)ecially 
in  twigs  and  smaller  branches  vbicli 
have  been  killed  by  frost  The  wo»l 
of  these  winter-killed  shoots  being 
corky  aud  easily  escavaled,  they  are 
frequently  hollowed  out  by  ants,  aud 
serve  as  places  of  deposit  for  their 
eggs  andyonng. 

CremattogasterUneolata^Say).  (Pig. 
79. J  This  is  one  of  the  commonest  of 
the  species  wbicb  have  tbe  above 
habit.  It  is  jet-black,  sbiniug,  anil 
has  a  broadly  trianguhvr  abdomen, 
which  it  elevates  in  a  threatening 
manner  when  excited. 

Tbe  species  is  very  abaodant  ui>on 
Oak  and  other  forest  trees.  It  at 
tends  the  various  honey-producing 
insects  found  upon  trees  and  feeih 
upon  their  honey-dew  without  doing 
any  violence  to  the  inti^ects  them- 
selves. Its  presence  upon  the  orange 
tree,  therefore,  is  of  very  slight  im- 
portance either  for  good  or  evil. 

Other  species  of  ants  which  have 
been  observed  to  make  their  nests  in 
orange  twigs  probably  have  the  same 
habits,  and  if  not  positively  benefi- 
cial, certainly  do  little  harm  to  the 
tree,  and  none  of  them  gnaw  or  do  injury  to  the  growing  parts. 

'An  Anatralian  moth,  Opkuiarm  fulloKica  (L.l,  is  said  lo  pierce  ornoges  with  ita  pro- 
boscis and  riuck  tlio  juicce  nf  the  pulp.  In  sd  artiile  cntitltd  "  Lrs  L^pidopt^rt's  a 
Trompe  Perforaute,  DeBtructears  des  Oranges,"  M.  J.  KUudiel  iltutcribL-B  aoil  figun-B 
tbe  proboscis  of  this  iuaect,  and  ahowe  its  special  adaptatiuu  to  this  end.  (Comptca 
Bendus  des  Stances  de  I'Acaddmie  des  Sciences,  Paris,  30  Aoftt  1675.) 
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THE  OBANOE  8AWYEB. 


(Elaphidion  inerme  Kewman.) 
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)  there  shown  to 


insect  has  been  described  in  Chapter  YIII,  and 

rioos,  ander  a  carelees  sys- 

proning,  in  which  the  ends 

aches  are  left  autrimtoed, 

afDcient  dead  wood  to  at- 

be  parent  beetle,  bnt  not 

I  to  snpport  the  larvie ;  no 

e  latter  are  driven  by  bnn- 

enter  and  feed  upon  the  liv- 

Ml.    It  appears,  therefore, 

ider  natural  couditious  this 

8  merely  a  scavenger.    Ita 

leds  apon  the  wood  of  many 

jid,  like  most  members  of 

igicom  family,  thrives  only 

iseased  and  devitalized  tis- 

-  upon  wood  which,  thoagh 

as  not  entirely  parted  with 

and  become  bard  .and  dry. 

80  represents  the  larva  of 

Upturn,  a  closely  allied  spe- 

ving  the  same  habits  as  the  Orange  Sawyer,  bat  which  lives  in 

THE  OBANaB  FLAT-HEADED  BOBEB. 


behlndlhslibinl  palpi;  Ur,  l>l>i 


(Allei  Facluird,> 


{Ckryiobothris  ektysoela  111.) 

[Plate  XIV,  Fig.  8.] 

twiga  and  branches  of  Orange  are  freqaently  found,  upon  which 
k  is  cracked  and  looseaed,  so  that  it  comes  off  at  a  touch,  bring- 
ay  with  it  considerable  dust  from  the  wooil  lying  immediately 
1,  a  thin  layerof  which  has  been  reduced  lo  powder.  When  the 
irk  and  sawdust  are  removed,  the  surface  of  the  branch  presents 
led  appearance,  indicating  the  path  of  an  insect.  The  edges  of 
:k  form  a  succession  of  semicircular  curves,  as  if  made  by  the  sweep 
iniatnre  scythe.  It  is,  in  fact,  the  gallery  of  on  estremely  thin- 
grub  or  sawyer,  made  partly  in  the  bark  and  partly  in  the  wood, 
ways  filled  with  comminuted  wood,  which  lias  passed  through  the 
ve  organs  of  the  grab,  and  has  been  voided  and  deposited  be- 
as  the  inseetjnadeitsway  through  the  wood.  The  cell  in  which 
pa  is  formed  is  excavated  iu  the  solid  wood.  It  lies  parallel  with 
icatb  the  gallery,  with  which  it  is  connected  at  one  of  its  ex- 


172  INSECTS   AFFECTING  THE    ORANGE. 

tremities.  The  short  passage  connecting  the  pnpa  cell  with  the  gallerj' 
is  carefully  filled  with  wood  dnst,  firmly  packed  in  place,  so  that  even 
when  the  bark  is  removed  and  the  gallery  exposed  to  view,  the,  mouth 
of  the  cell  remains  concealed,  and  is  only  disclosed  upon  the  exit  of  the 
beetle.  The  cell  is  then  found  to  be  broad  and  shallow,  oval  in  outline, 
and  lined  with  a  silken  layer  that  is  almost  invisible  by  reason  of  its 
delicacy. 

The  Beetle. — In  spring  or  early  summer  there  issues  a  very  handsome 
little  beetle,  broadly  oval  in  form,  and  about  S*"™  (^^  inch)  in  length. 
The  colors  of  the  body  are  metallic  bronze,  greenish  below  and  purple 
above.  Upon  the  wing-cases  are  ten  large  spots  of  brilliant  emerald 
green. 

The  Larva. — The  form  of  the  larva  is  characteristic  of  the  family.  It 
has  the  second  joint  greatly  enlarged,  forming  a  broad,  flattened  disk, 
into  which  the  first  joint  and  the  small  head  are  sunken,  only  the  black 
tips  of  the  jaws  appearing  beyond  the  cleft.in  the  anterior  border.  The 
succeeding  joints  form  a  tail-like  body,  which  is  less  than  half  as  wide 
as  the  enlarged  joint.  In  life  the  body  is  usually  curved  strongly  to  one 
side  or  the  other,  giving  it  still  more  the  appearance  of  an  appendage. 
The  large  joint  is  covered  upon  both  of  its  flattened  faces,  with  minute, 
horny  denticulations,  which  serve  to  hold  the  body  firmly  against  the 
smooth  walls  of  the  burrow  while  the  jaws  are  forced  into  the  wood. 

The  body  of  the  lava  is  naked,  or  with  scattered  and  nearly  invisible 
hairs,  soft,  white,  and  without  legs.  It  moves  but  slowly  in  its  gallery, 
and  only  by  means  of  the  contraction  and  expansion  of  the  enlarged 
flattened  joint. 

The  pupa  presents  no  especial  peculiarities,  and  merely  outlines  the 
form  and  members  of  the  per^ct  beetle. 

Habits  and  Life-history. — The  eggs  are  laid  upon  the  bark  of  dead 
orange  branches,  and  probably  also  on  Hickory  and  other  close-textured 
woods.  The  branches  attacked  are  invariably  dead  and  quite  dry,  but 
still  retaining  their  bark.  The  larva  never  penetrates  the  living  parts 
of  the  tree,  and  will  peiish  of  hunger  if  the  supply  of  dead  wood  and 
bark  is  not  sufficient  for  its  support.  Tbe  larvae  of  different  ages  are 
found  during  the  latter  part  of  summer.  Some  of  them  change  to  pup^e 
in  the  fall,  while  others,  after  excavating  their  pupa  cells,  occupy  them 
during  the  winter  as  larvae,  and  undergo  their  transformations  in  the 
spring.  Of  those  which  pupate  in  the  fall,  some  become  perfect  intsects 
before  cold  weather,  and  beetles  will  be  found  in  the  cells  as  early  as 
January;  they  do  not,  however,  leave  their  retreats  until  summer 
weather  has  begun.  The  beetles  continues  to  appear  as  late  as  May 
and  June. 

As  a  scavenger,  assisting  in  the  return  to  earth  and  air  of  the  dead 
and  useless  material  that  has  been  assimilated  by  thcplant,  this  can  only 
be  considered  a  useful  insect,  and  certainly  one  that  is  incapable  of  do- 
ing any  injury  to  the  orange  tree,  either  by  causing  disease  or  by  direct 
lOM  of  wood  or  bark. 
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THE  CYLINDBIGAL  BABK-BOBEB. 

(Hypothenemua  eruditus  Westwood.l 
[Plate  XIV,  Fig.  1.] 

This  minate  beetle  is  frequently  an  object  of  suspicion  from  its  pres- 
ence in  great  numbers  in  twigs  killed  by  dieback.  It  is  1.6"™  (yj^  inch) 
in  length,  dark  brown  in  color,  cylindrical,  and  obtusely  rounded  at 
both  ends.  Under  a  lens  it  has  a  hoary  appearance,  owing  to  the  short, 
stout  hairs  with  which  all  parts  of  the  body  are  clothed.  On  the  wing- 
cases  these  stout  hairs  are  arranged  in  numerous  longitudinal  rows, 
and  the  interspaces  between  the  rows  of  hairs  are  deeply  and  coarsely 
pitted  or  punctate.  The  head  is  directed  downwards  and  is  not  seen 
from  above.  The  declivity  of  the  thorax  above  the  base  of  the  head  is 
covered  with  minute  tooth  like  asperities. 

The  larva  as  well  as  the  beetle  itself  feeds  upon  dry  corky  wood  and 
bark  of  vaiious  trees,  and  upon  plants  having  soft  or  porous  tissues,  such 
as  are  found  in  the  Grape  and  many  other  vines.  They  riddle  the  dead 
wood  and  bark  with  galleries,  and  quite  rapidly  reduce  it  to  powder. 

In  the  Orange  their  galleries  are  seldom  found  in  solid  wood,  but  in- 
variably occur  in  the  bark  and  in  small  twigs  when  from  any  cause 
they  have  been  deprived  of  life  and  become  drj-.  Succulent  shoots 
killed  by  frost  or  disease  attract  the  beetles  in  great  numbers  as  soon 
as  they  become  dry  and  brittle;  but  no  part  of  the  tree  is  attacked  as 
long  as  it  retains  its  sap  or  remains  moist.  The  insect  is  therefore  en- 
tirely harmless  in  its  operations,  and  beneficial  rather  than  injurious  to 
vegetation. 

Li/ekUtory, — The  larva  of  Hypothenemus  is  a  minute  white  grub, 
with  a  thick  and  stout  cylindrical  body,  strongly  curved,  and  without 
legs  or  other  organs  of  locomotion,  save  that  by  the  contractile  move- 
ment}«  of  its  body  joints,  it  is  enabled  to  crawl  slowly  through  its  bur- 
rows. The  head  is  small,  and  all  the  parts  surrounding  the  mouth,  with 
the  exception  of  the  pair  of  stout  jaws,  are  so  minute  that  they  can  be 
discerned  only  after  careful  dissection  upon  the  stage  of  a  microscope. 

The  family  Seolytidce,  to  which  this  beetle  belongs,  number  in  the 
United  States  at  least  two  hundred  species,*  divided  among  numerous 
genera.  All  of  them  have  wood  boring  habits,  and  members  of  the  same 
group  resemble  each  other  closely.  The  larvse  of  the  difierent  species 
are  for  the  most  part  indistinguishable ;  the  points  of  difference,  if  any 
exist,  are  so  minute  that  they  have  escaped  observation. 

The  pupa  is  formed  in  a  little  cell,  walled  off  1'rom  the  galleries  made 
by  the  larva.  It  shows  the  form  of  the  beetle,  and  is  white,  turning 
brown  as  it  approaches  maturity. 

The  eggs  are  white,  oval  in  shape,  and  are  scattered  by  the  mother 
either  singly  or  in  little  groups  at  random  in  the  galleries  which  she 
excavates. 

'About  one  hundred  and  seventy  species  have  been  described. 
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Broods. — There  does  not  appear  to  be  any  definite  number  of  broods. 
The  beetles  are  rather  more  abundant  in  spring  and  early  summer,  and 
the  larvoB  in  midsummer  aud  winter ;  but  the  insect  propagates  at  all 
seasons,  and  its  development  is  only  interrupted  by  frosty  weather.* 

OTHER.  BEETLES  BORING  IN  ORANGE  WOOD. 

In  addition  to  the  species  hitherto  mentioned,  which  are  so  frequently 
found  in  the  wood  of  the  Orange  that  may  properly  be  considered  a 
part  of  the  regular  fauna  of  the  tree,  there  are  numbers  of  other  wood 
eating  Coleoptera*,  which  are  less  obviously  connected  with  the  plant, 
but  occasionally  feed  upon  it,  and  have  been  bred  from  the  dead  limbs 
and  twigs.    A  few  species  demand  notice. 

Two  of  these,  Lept08tyhi8  biusttu  Lee.,'  and  Hyperplatys  maculatw 
Hald.,  are  closely  allied  Longicorn  beetles,  and  belong  to  a  group  of 
that  family,  all  the  species  of  which  are  wood-scavengers,  feeding  only 
upon  dead  portions  of  plants. 

Leptostylus  Mustu^  Lee.  (Plate  XIY,  Fig.  2)  is  an  ash-gray  insect,  with 
a  rather  broad  and  flattened  body,  the  upper  surface  of  which  is  broken 
by  minute  elevated  points.  The  terminal  third  of  the  wing-cases  is 
darker  in  color,  and  this  darker  portion  is  separated  from  the  remainder 
by  sharply  defined  lines  meeting  in  a  point  upon  the  center  line. 
Length,  7.6"™"  ( ^  inch).  The  antennse  are  one- third  longer  than  the  body. 

The  larvae  are  cylindrical,  slightly  flattened  sawyers,  having  the  first 
joint  of  the  body  somewhat  enlarged;  the  head  is  very  small,  and  almost 
concealed  within  the  enlarged  first  joint;  color  pallid,  except  the  jaws, 
which  are  chitinous  brown. 

The  larva  tunnels  dead  branches  the  wood  of  which  is  not  too  hard, 
or  excavates  galleries  under  dead  bark  of  the  Orange,  filling  up  the 
passage  behind  it  with  tightly  packed  sawdust.  It  transforms  to  the 
perfect  beetle  at  the  end  of  its  gallery,  in  a  cell-like  cavity. formed  by 
the  movements  of  the  larva  in  the  surrounding  mass  of  loose  woody 
fragments. 

The  beetles  appear  in  April  and  May,  and  there  is  a  supplementary 
brood  in  September,  although  the  perfect  insects  frequently  remain  in 
their  cells  all  winter.  ^ 

Hyperplatys  vmculatus  Hald.  (Plate  XIY,  Fig.  3)  is  a  somewhat  smaller 
beetle  than  the  preceding,  and  its  form  is  more  slender  and  flattened. 
The  color  of  the  body  is  ash-gray,  spotted  above  with  dots  of  velvet 
black,  and  with  a  large  splash  of  the  same  on  each  wing-case  near  the 
tip;  the  legs  are  black,  variegated  with  red;  the  antennsB  are  much 
longer  than  the  body,  and  are  also  variegated  red  and  black.    Length, 

In  its  habits  this  beetle  does  not  differ  from  Leptostylus  biustus^  and 
the  larvsd  of  the  two  species  resemble  each  other  closely. 

—  -  --     —    -■■■■■■  --■  —  ■■  ■■  -■    —    ■■■■■■■■■  ■  ■  ■  _  ,^  ^ 

*  Farther  notes  concerning  the  habits  of  this  beetle  will  be  foond  in  an  article  by 
Mr.  £.  A.  Scbwarz,  in  the  Bulletin  of  the  Brooklyn  Ent.  Soo,,  vol.  YII,  page  84. 
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Amaurorhinus  nitens  Horn. — This  is  a  small,  elongate  beetle,  shining 
black  in  color,  and  provided  with  a  short  beak  or  snont. 

It  is  not  uncommonly  foond  boring  in  winter-killed  twigs  of  Orange, 
or  in  portions  of  wood  and  bark  which  have  been  softened  and  rendered 
porous  by  the  action  of  a  wood-destroying  fangns.  The  larva  and  other 
immature  stages  have  never  been  observed. 

The  family  of  the  CoasonidcBy  to  which  this  beetle  belongs,  comprises 
smjill  insects,  all  of  which,  as  far  as  their  habits  are  known,  feed  upon 
dead  bark,  pith,  or  spongy  wood,  and  fangas.  The  above  species  is  as 
harmless  as  others  of  its  family.  It  enters  and  feeds  upon  the  wood 
after  all  life  has  left  it,  and  is  probably  attracted  by  the  presence  of  a 
fungus  to  the  diseased  portions  which  it  infests. 

INSECTS  FOUND  IN  WOUNDS  AND  FOOT-BOT  SORES, 

Bleeding  wounds,  especially  sores  in  which  fermentation  of  the  sap 
is  taking  place,  are  very  attractive  to  insects  of  many  kinds.  It  there- 
fore frequently  happens  that  some  harmless  sap-feeding  insect  is  mis- 
taken, by  those  who  are  ignorant  of  its  habits,  for  the  originator  of  the 
mischief. 

A  list  of  insects  which  through  misapprehensions  of  this  sort  have 
been  reported  by  orange-growers  as  causing  foot-rot,  includes  (I)  Sap- 
feederi;  beetles  of  the  families  Nitidulidce  and  MonotamidcBj  which 
live  in  all  stages  upon  the  fermenting  sap  of  plants.  (2)  Euphoria  sepul- 
ckralis  (Fab.),  a  Lamellicorn  beetle,  which  is  not  unfrequently  found 
Hipping  the  sap;  and  the  white,  thread-like  maggots  of  small  flies,  which 
almost  invariably  make  their  appearance  in  sour  sap.  (3)  Midm  da- 
vattts  Drury  (Plate  XIY,  Fig.  4),  a  large  black  fly,  with  an  orange-colored 
band  on  the  abdomen,  which  hovers  about  the  diseased  spots  in  order 
to  prey  upon  flies  and  other  insects  attracted  to  the  flowing  sap.  (4) 
Scavengers,  feeding  upon  the  dead  wood  and  bark;  •these  include  besides 
the  Termites,  of  which  mention  has  been  made  in  a  previous  chapter, 
several  sawyers  or  larvae  of  beetles  belonging  to  the  Longicom  family, 
bat  of  unknown  species.  (5)  A  number  of  minute  beetles,  I/Bmo- 
pManUj  LathridiuSy  Saduniy  HesperobcenvSy  and  others,  commonly  found 
nuder  the  dead  bark  of  trees,  after  it  has  been  loosened  by  the  gnaw- 
ing of  wood -eating  insects.  They  are  for  the  most  part  predatory  upon 
the  other  insect  inhabitants  of  these  larking  places,  and  their  larvse 
may  be  found  pursuing  and  devouring  the  young  of  the  wood-scaven- 
gers, or  even  making  war  upon  each  other. 

INSECTS  FEEDING  UPON  DECAYING  FBUIT, 

SAP-BEETLES.    (Family  NitidulidcB.) 

Two  species  of  this  sap-loving  family  are  so  constantly  found  in  rot- 
ting oranges,  and  also  in  injured  fruit,  before  it  has  fallen  from  the  tree, 
as  sometimes  to  occasion  the  suspicion  that  they  are  responsible  for  the 
splitting  of  the  rind  at  the  time  when  the  orange  is  maturing.    It  has. 
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however,  been  ascertained  that  these  beetles  only  attack  the  orauge 
when  the  rind  has  been  ruptured  by  accident  or  disease,  or  when  it  is 
softened  by  decay. 

OarpophUus  mutilatus  (Fab.;  Plate  XIY,  Fig.  5)  is  dull  red-brown, 
with  the  disk  of  the  wing-covers  lighter;  the  latter  do  not  reach  the  end 
of  the  body,  and  leave  the  last  two  joints  exposed  to  view.  The  length 
of  the  adult  is  2.8°^  (^  inch). 

The  larva  has  a  rather  long,  cylindrical  body  divided  into  simple 
rings  or  joints ;  the  color  is  dull  white^  Tvith  the  head  and  first  joint  of 
the  body  brown ;  the  last  joint  terminates  in  a  pair  of  notched  spines  or 
conical  projections  toothed  at  the  base. 

Epurasa  cestiva  (Linn. ;  Plate  XIV,  Fig.  6)  is  shining,  uniformly  yellow- 
ish brown;  the  wing-covers  nearly  cover  the  body,  leaving  only  the  tip 
of  the  last  joint  exposed.  The  insect  is  smaller  than  the  preceding; 
length,  2.2»™  (y^  inch). 

The  habits  of  these  two  beetles  are  very  similar  and  they  are  always 
found  together,  although  the  Epuraea  is  usually  present  in  greater  num- 
bers than  the  Garpophilus. 

In  September  they  appear  in  great  numbers  in  every  grove  where 
rotting  fruit  is  allowed  to  remain  upon  the  ground.  The  active  larvse, 
as  well  as  the  perfect  insects,  soon  swarm  in  the  rotting  fruit,  and  being 
active  in  flight,  the  beetles  seek  out  and  penetrate  the  split  or  iqjured 
fruit  even  upon  the  trees. 

They  can,  however,  scarcely  be  considered  injurious  insects,  as  they 
are  not  capable  of  penetrating  the  fruit  of  their  own  accord,  but  merely 
take  advantage  of  any  chance  opening  to  gain  admittance  to  the  pulp. 
The  effect  of  their  attack  is  simply  to  hasten  by  some  hours  the  decay 
which  inevitably  follows  any  external  injury  to  the  rind. 

The  pupsd  are  formed  in  the  earth ;  those  of  Epursea  just  beneath  the 
surface,  and  those  of  Garpophilus  at  a  depth  of  several  inches.  They 
occupy  small  oval  cavities  made  by  the  movements  of  the  larva. 

Development  in  these  beetles  is  very  rapid ;  the  int^erval  between 
broods  does  not  exceed  twenty-five  days.  Of  this  period,  about  ten 
days  is  passed  as  larva  and  eight  or  nine  days  as  pupa;  the  remaining  six 
or  seven  days  are  occupied  by  the  beetles  in  coupling  and  ovipositing, 
and  by  the  hatching  of  the  eggs. 

WINE  OB  POMAOE  FLY  OF  THE  CHANGE. 

Associated  with  the  two  beetles  mentioned  above  is  a  little  pale  yel- 
low fly  of  a  kind  that  is  familiar  to  most  housekeepers  under  the  name 
of  ** wine  fly '^  or  "vinegar  fly.''  It  has  a  rosy-red  head  and  brick-red 
eyes ;  the  joints  of  the  abdomen  are  bordered  above  with  black.    Length 

of  tiie  fly,  2.C°»°»  {^  inch). 
The  maggots  of  this  fly  are  found  in  great  numbers  in  company  with 

the  larvs^  of  the  sap-beetles  in  rotting  oranges,  through  the  pulp  of 
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▼hkh  they  burrow  in  eTery  direction  and  greatly  increase  the  rapidity 
of  decay. 

The  maggot  is  transparent  white,  with  a  cylindrical  body,  thickest  at 
the  posterior  end,  and  tapering  to  a  sharp  point  at  the  head ;  the  body 
j<rintB  are  very  prominently  ringed.  At  the  posterior  end  a  pair  of 
projections  form  the  principal  breathing  organs.  The  head  ends  in  a 
pair  of  hooked  jaws,  which  have  the  raking  movement  common  to  most 
fly  larvse.  The  dark  color  of  the  jaws  and  frame-work  which  consti- 
tates  their  base  renders  them  visible  throngh  the  transparent  walls  of 
the  body. 

In  pupating,  the  larva  enters  the  earth  a  short  distance,  or  remains 
attached  to  the  nnder  side  of  the  orange  as  it  lies  npon  the  grouud. 
The  larva  contracts  and  its  skin  hardens,  forming  a  caske^shaped 
poparinm,  about  on^third  as  wide  as  long.  The  pnparium  is  chest- 
nat-brown  in  color;  it  retains  the  breathing-tabes  of  the  larva,  bat 
is  distended  and  slightly  altered  in  form  by  the  hardening  of  all  the 
parts. 

The  wine-fly  nndergoes  all  its  transformations  within  two  weeks. 
This  rapidity  of  development  is  evidently  necessary,  as  the  insect  is 
dependent  npon  the  jnices  of  the  orange,  not  only  for  its  subsistence  in 
the  larva  state,  but  also  for  the  moisture  necessary  to  sustain  life  in  the 
pupa. 

OTHEB  SPECIES. 

The  two  beetles  and  the  wine-fly  above  mentioned  sometimes  become 
annoying  pests  in  the  packing-house  when  piles  of  decayiug  fruit  are 
allowed  to  remain  about  the  premises,  but  are  easily  banished  by  clear- 
ing away  the  reftase,  and  maintaining  cleanliness.  In  the  grove,  if  the 
dropped  oranges  are  picked  up  i  egularly ,  and  the  ground  about  the 
trees  kept  dean,  these  iusects  will  rarely  make  their  appearance.  If, 
throngh  carelessness  in  this  regard,  they  are  allowed  to  become  numer- 
ous and  infest  the  grove,  thomed  and  split  fruit,  which  might  other- 
wise be  used  for  wine*making,  will,  owing  to  their  attacks,  be  rendered 
useless  for  this  and  other  purposes,  even  before  it  has  fi^len  from  the 


Other  closely  allied  beetles  and  other  species  of  flies  are  found  to  in- 
fest injured  or  rotting  fruit.  Two  only  can  be  mentioned  at  present; 
they  are — 

(1.)  Smicrips  hypoeopraides  Beiter,  a  minute  Nitidulid  iu  trod  need  from 
the  West  Indies,  but  which  has  become  quite  abundant  in  parts  of  the 
Mmthem  United  States,  and  is  found  feeding  upon  sap  and  also  in  rot- 
ting cotton  bolls. 

(2.)  Europi  pallipennis  Lee,  a  rare  Monotomid  beetle. 

FrwU'eaimg  Ant — ^A  small  dark-brown  ant,  a  probably  undescribed 

spedes  of  Lasius,  is  sometimes  found  gnawing  the  pulp  of  split  oranges 

upon  the  tree.    A  stream  of  the  ants  may  be  seen  carrying  bits  of  the 

fruit  down  the  trunk  of  the  tree. 
G62I  o  I 12 
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INSECTS  IN  DR  Y  FR  UIT. 

BLASTOBAsis  ciTBicoLELLA  Chambers. 

This  small  moth,  belonging  to  the  family  Tineidse,  is  described  iu  the 
Report  of  the  Commissioner  of  Agriculture  for  1879,  p.  207,  where  the 
following  note  concerning  it  occurs : 

"  Prom  a  dry  orange  which  was  found  at  Jacksonville,  Fla.,  in  the 
latter  part  of  January,  and  preserved  on  account  of  its  being  infested 
by  a  small  beetle  (Arceocerus  fasciculatvs)^  there  issued  rather  unex- 
pectedly on  March  17  a  small  gray  Tineid  moth,  which  was  referred  to 
Mr.  Chambers  for  determination.  •  ♦  •»  The  full  description  is 
given  on  the  same  page. 

OBANGE-EATING  TINEID.^* 

Another  minute  moth  of  the  same  family  as  the  preceding  {Tinetdosi) 
was  bred  from  the  pupa  found  in  a  crevice  of  the  rind  of  a  split  orange. 
The  pupa  was  enveloped  loosely  with  silk,  in  which  were  entangled  the 
droppings  of  the  larva,  and  was  otherwise  surrounded  with  evidenced 
that  the  insect  had  fed  upon  the  dry  portions  of  the  rind.  The  moth 
issued  early  in  October  and  proved  a  very  handsome  insect  of  dark  color, 
with  scales  of  lustrous  lead-color  on  the  upper  wings  and  body,  the  sur- 
face having  a  violet  sheen.  The  head  and  thorax  are  iridescent  dove- 
color.  On  the  margin  of  ,the  upper  wing,  at  its  ba«e,  is  a  membranous 
flap  (costal  fold),  which  can  be  folded  beneath  the  wing  or  opened  widely, 
disclosing  a  lining  of  delicate  hairs,  arranged  in  three  tufts,  the  lower 
one  forming,  when  erect,  a  rosette  of  lemon-yellow  color;  above  this  a 
tuft  of  orange  yellow,  and  the  upper  tuft  a  pencil  of  purple  hairs. 

AB-^OCERUS  FASCICULATUS  (De  G.). 

This  little  brownish  beetle  is  commonl}'  found  in  dry  or  blasted  bolls 
of  cotton.  It  is  also  said  to  be  injurious  to  coffee  in  Brazil.  In  the  Se- 
port  of  the  Commissioner  of  Agriculture  for  1879,  p.  206,  mention  is  made 
of  its  occurrence  in  a  dry  orange.  The  larva  and  pupa,  as  well  as  the 
perfect  insect,  were  obtained  at  the  same  time. 

WHITE  ANTS   (TERMITES)   IN  FBUIT. 

The  fruit  of  the  Citron,  when  growing  upon  recumbent  branches  and 
when  touching  the  earth,  is  frequently  entered  by  Termites  and  entirely 
destroyed  by  them.  Oranges  which  have  fallen  from  the  trees  and  are 
allowed  to  remain  upon  the  ground  are  also  attacked,  but  less  fre- 
quently than  the  citron.  The  Termites  feed  upon  the  thick  inner  rind 
of  the  citron,  and  upon  the  membranous  divisions  in  the  orange.  They 
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enter  the  fruit  from  beiieatb,  through  a  small  perforation  made  in  the 
rind.  The  Termites  never  ascend  the  trees  or  attack  fruit  which  is  not 
ivstiug  upon  moist  earth.  Their  appetite  for  this  sort  of  food  is  not 
very  utrongy  and  the  loss  they  inflict  cannot  be  considered  serious.  If 
Citrons  are  attacked  the  fruit  should  be  raised  from  the  ground  or  al- 
lowed to  rest  upon  a  dry  support,  and  the  ground  around  and  under  the 
boshes  should  be  frequently  stirred  with  a  rake. 


CHAPTER  Xn. 

PEBDATOET  INSECTS. 
nrSECTS  FEETIHO  VPOH  APHIS. 

LADT'BIBDS.—COCCINELLTVM. 

Several  species  of  this  flEunily  have  already  been  noticed  as  predatory 
upon  Scale-insects;  nearly  all  the  species,  and  they  are  very  namerons, 
prey  to  a  greater  or  less  extent  upon  Aphis.  Of  the  larger  forms,  which 
are  familiar  everywhere  under  the  name  of  Ladybirds,  four  species  are 
commonly  found  feeding  upon  the  Orange  Aphis  in  our  groves.  They 
are  Chilocorus  bivulnerus  (Muls.)  ;*  Uxochomus  contrintatus  (Muis  )  ;t  Cy- 
cUmeda  sanguinea  (Linn.);|  and  Hippodamia  convergens  On6r.§  These 
have  all  been  mentioned  as  preying  upon  scale-insects.  Among  the 
smaller  members  of  this  family  are  numerous  species  of  the  genus  Scym- 
nus,  which  prey  upon  Plant-lice,  and  most  of  them  are  found  from  time 
to  time  upon  the  orange  trees.  The  form  in  Scymnus  is  rounded  and 
very  convex;  the  color  in  most  of  the  species  is  a  somber  brown,  some- 
times relieved  with  blotches  of  dull  red  or  yellow.  The  body  is  always 
hairy.  In  size  the  species  range  from  one-tenth  to  one-twentieth  of  an 
inch  in  length.  They  are  apt  to  resemble  each  other  closely,  and  in  some 
groups  the  species  are  distinguishable  the  one  from  the  other  only  on 
the  closest  analysis. 

The  larva  of  Scymnus  is  rather  thick  and  short,  the  body  dark-brown, 
purple,  or  black,  but  entirely  covered  above  with  tufts  of  white  wax, 
which  are  easily  rubbed  off  in  handling  the  insect. 

The  pupa  is  found  within  the  split  skin  of  the  larva,  as  with  the  larger 
species  of  Lady-birds. 

SOYMNTJS  OAUDALIS  Lec. 

In  this  species  the  body  is  black,  with  the  head  and  parts  of  tiie 
thorax  red ;  the  end  of  the  body  and  the  legs  yellowish-red.  Length, 
2^  {jh  inch). 

*  Black,  with  two  red  spots. 

t  SmaUer  in  size.    Bed,  with  two  black  spots. 

t  Blood-rod  or  brick-red,  without  spots. 

i  Oraoge-red,  with  ftye  or  six  spots  on  each  wing-ooTer. 
180 
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This  is  the  commonest  and  one  of  the  largest  species  found  among 
Plant-lice  on  the  Orange  in  Florida.  Certain  other  species,  almost 
equally  common,  are  entirely  black,  and  differ  the  one  from  the  other 
only  in  size,  and  in  characters  too  minute  for  popular  description. 

The  larTse  of  all  the  species  bear  white  floccnlent  tufts,  and  have  no 
marks  by  which  the  species  can  be  readily  distinguished.  They  are 
quite  active  when  disturbed,  but  are  usually  seen  quiescent  in  the  midst 
of  the  unresisting  herd  of  Aphis,  feeding  upon  the  young  lice. 

They  undergo  their  transformations  ux)on  the  leaves  among  the  re- 
mains of  the  Aphis  colonies  destroyed  by  them  and  other  enemies.  The 
pupa  is  held  in  the  split  skin  of  the  larea,  and  is  dark-colored  like  the 
body  of  the  latter. 

SYBPHU8  FLIE8.^8TBPHIDm. 

Whenever  colonies  of  Aphis  are  found  on  the  Orange  there  will  almost 
invariably  be  found  among  them  slug-like  larvse,  which  creep  about 
among  the  Plant-lice  with  a  leech-like  movement,  now  contracting  into 
an  almost  globular  mass,  and  again  elongating  like' the  joints  of  a^ele- 
scope.  The  minute  terminal  joint,  which  constitutes  the  head  of  the 
larva,  is  observed  to  possess  a  pair  of  retractile  horuy  hooks,  which 
work  forwards  and  back,  iu  and  out  of  the  mouth,  like  a  rake.  As  the 
larva  advances  with  a  groping  motion,  for  it  is  quite  blind  and  eyeless, 
the  outstretched  neck  and  head  sweep  the  surface,  and  the  jaws  con- 
tinue their  raking  movement  until  they  strike  the  body  of  an  Aphis. 
Immediately  the  jaw-hooks  grapple  their  unresisting  victim,  and  soon 
through  the  transparent  walls  of  the  body  the  sucking  stomach  is  seen 
pulsating  and  drawing  through  the  (esophagus  in  a  continuous  stream 
the  green  juices  of  the  plant-louse. 

When  actively  engaged  in  feeding  these  larvse  continue  with  the 
greatest  voracity  to  empty  one  louse  after  another,  until  they  have  de- 
stroyed dozens  ot  them ;  and  their  bodies,  distended  with  the  contained 
juices,  become  translucent  green  in  color.  When  filled  to  repletion,  the 
larva  falls  into  a  lethargy,  lasting  two  or  three  hours ;  during  which 
the  processes  of  digestion  change  the  juices  of  the  body  to  varying 
shades  of  brown,  and  dark  masses  of  fecal  matter  gradually  form  in 
the  intestines.  The  curious  changes  of  color  in  the  semi-transparent 
larvae  are  therefore  due  entirely  to  the  condition  of  the  body-contents. 
Full  fed  individuals  usually  have  a  tinge  of  flesh  color,  owing  to  the 
formation  of  glandular,  creamy  masses  of  fat,  which  have  a  roseate  hue. 
When  fasting  through  scarcity  of  food,  the  fat  is  absorbed  and  the  body 
becomes  dark-brown  and  opaque.  While  feeding  the  larva  is  translu- 
cent green  ;  while  digesting  the  colors  change  to  olive  and  brown,  with 
distinct  markings  of  reddish  brown  and  black. 

Tran$farmation».—'yfheii  fiill  fed  the  larva  attaches  itself  by  means 


182  .  INSECTS  AFFECTING   THE   ORANGE. 

of  a  pair  of  termiual  prop-legs,  aidi^d  by  a  viscid  secretion  which  it 
voids,  and  which  in  drying  glues  it  to  the  surface  of  the  plant.  The 
body  becomes  distended  and  thickened,  losing  in  length  what  it  gains 
in  girth.  The  skin  of  the  larva  is  not  split  or  shed,  bat  hardens  and 
forms  the  puparium,  which  protects  the  true  pupa  within.  In  the  pupa- 
rium  the  shape  of  the  larva  is  profoundly  altered,  the  body  joints  are 
obliterated,  the  anterior  end  becomes  swollen  and  broadly  rounded,  and 
the  form  tapers  suddeuly  behind. 

The  perfect  fly  issues  by  pushing  off  the  convex  end  of  the  puparium, 
which  splits  at  the  suture  between  two  of  tbe  old  larval  joints,  and  re^ 
leases  a  circular  cap,  in  the  shape  of  a  watch-glass. 

The  duration  of  the  egg  and  larva  periods  m  these  Aphis-eating  flies 
is  short;  the  egg  hatches  in  forty-eight  hours  after  it  is  laid,  and  the 
larva  becomes  full  grown  and  forms  its  pupa  in  five  or  six  days.  About 
ten  days,  the  average  time  with  insects  having  many  broods,  are  passed 
ID  pupa.  The  reason  of  this  extremely  rapid  development  in  the  first 
two  stages,  the  egg  and  larva,  becomes  obvious  when  we  consider  how 
brief  is  the  existence  of  the  Aphis  itself,  and  how  suddenly  its  col- 
onie»  appear  and  disappear;  for  the  life  of  a  colony  of  Aphis  is  also 
very  short.  Upon  the  Orange  the  Aphis  can  feed  only  upon  the  very 
tender  young  leaves;  in  a  short  time  these  harden,  and  then  the  colony 
must  scatter ;  but  frequently,  long  before  that  time,  their  numbers  are 
reduced  almost  to  extermination  by  enemies  and  parasites.  As  the 
Syrphus  larvae  cannot  follow  the  winged  insects,  they  must  make  the 
best  of  their  limited  opportunities  and  feed  quickly  or  perish  of  starva- 
tion. It  is  curious  to  mark  how  nature  in  the  case  of  these  insects  has 
responded  to  the  necessities  of  the  situation  and  given  their  larvse  I'est- 
less  activity,  great  rapacity,  and  destructive  powers,  notwithstanding 
their  slow  locomotion,  and  also  a  remarkably  brief  egg  period,  so  that 
this  wingless,  blind,  and  almost  legless  maggot  is  enabled  to  compete 
with  more  perfectly  organized  rivals  in  the  food  struggle  which  takes 
place  over  every  Aphis  colony. 

Broods^  &c, — The  larvae  of  these  Syri>hus  flies  feed  only  upon  Aphis 
and  depend  upon  them  for  their  existence.  They  therefore  appear  and 
disappear  with  the  colonies  of  the  latter,  and  the  broods  may  be  sup- 
posed to  follow  rapidly  one  upon  another  during  the  seasons  of  growth, 
when  the  appearance  of  new  shoots  upon  the  Orange  gives  support  to 
numerous  colonies  of  Aphis. 

The  seasons  of  growth  in  the  Orange,  after  the  renewal  of  the  foliage 
in  tbe  early  spring,  depend  in  a  great  measure  upon  the  prevalence  of 
rains  dnd  vary  from  year  to  year,  but  are  usually  three  or  four  in  num- 
ber daring  the  year.  The  colonies  of  Aphis  and  likewise  their  Syrphus 
enemies  are  most  abundant  in  June  and  September. 

Three  representatives  of  the  family  Syrphidae  are  found  among  Aphis 
on  the  Orange.    They  belong  to  the  genus  Baccha. 
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THE  FOUR-SPOTTED  APHIS-FLY/ 

{Baccha  babista  Walker.) 
[Figs.  81,  82  and  83.] 

This  is  a  rather  slender  fly,  with  a  large,  well-rounded  head,  and  a 
clnb  shai^ed  hiad-body,  supported  on  a  slender  stalk  or  peduncle;  the 
eyes,  which  cover  the  greater  part 
of  the  head,  are  mahogany  brown; 
the  thorax  black,  with  a  metallic 
luster,  and  with   a  golden -yellow 
shield ;  the  wings  are  transparent; 
the  clab  of  the  abdomen  brown, 
marked  with  four  pale  triangular 
spots.     (Fig."  81.)     Length,  10' 
(iV  inch). 


bmm 


Fig.  82. — Baedia  batntta,  larva. 
(Origmal.) 


Fio.  SI. -^Baecha  babista,  adult.    (Orif:iiial.) 


a. 


The  larva  (Fig.  82)  has  a  cylindrical  body,  greenish,  with  a  longitud- 
inal band  of  dull  red  on  the  back;  the  joints  about  equal  in  size,  ex 
cept  the  fitst  three,  which  are  tapered,  and  form  a  re- 
tractile neck ;  the  surface  is  covered  with  very  short, 
stiflT  hairs,  giving  it  a  velvety  appearance ;  each  joint 
of  the  body  is  armed  with  a  row  of  soft  spines  above 
and  a  pair  of  fleshy  prop  legs  below.Length,  when  at 
rest,  7.5""  (^  inch). 

The  pnparium,  or  chrysalis  (Fig.  83),  has  the  form 
of  a  cone,  with  one  side  flattened  and  fastened  to  the 
surface  of  the  leaf;  the  large  end  is  broadly  rounded, 
convex;  the  color  varies  from  dirty  white  to  dull  yel- 
low, and  there  are  more  or  less  distinct  cross-shaped 
markings  upon  the  back ;  the  spines  of  the  larva  shrink 
to  minute  prickles  on  the  pnparium. 

The  eggs  are  elongate-oval,  brilliant  white,  the  surface  marked 
vith  diamonds  by  obliquely  intersecting  engraved  lines.  They  are 
de|>osited  by  the  parent  fly  singly  upon  the  leaves  among  Plant-lice. 

Paraidtes. — Minute  Chalcid  parasites  prey  upon  the  Syrphus  larva. 


Fig.  %Z.—haccha  ba- 
binta,    pnparium: 

a,  dot  nal    view ; 

b.  lateral     view. 
(Origiual.) 


*  This  very  common  speciea  has  bef'n  described  by  Mr.  Ashmead  ander  the  name 
Coitopttf  qmadrimacHlata,    (Orange  Insects,  page  69.) 
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and  isBae  from  the  pupariuio,  in  nnmbers  varying  fh>in  six  to  eighteen, 
through  a  number  of  small  holes  which  they  gnaw  in  its  top  and  sides. 
They  are  from  1"*°  to  2"™  in  length,  and  have  the  dark  bronze  and 
metallic  colors  with  hyaline  and  iridescent  wings  so  common  in  this 
family  (Chaleididce). 

THE  DUSKY- WINGED  APHIS-FLT. 

{Baccha  lugens  Loew.) 

[Fig.  84.] 

Another  species  of  Baccha,  scarcely  less  common  than  the  preceding, 
has  a  more  leech-like  larva,  in  form  flattened  and  dilated  behind,  but 
with  the  anterior  joints  lengthened  into  a  very  mobile  and  extensile 
neck.    The  surface  of  this  larva  is  nearly  smooth,  without  the  spines  or 

velvet  hairs  of  the  first  species.  In  color 
the  larva  is  dark,  inclining  to  purple  when 
not  feeding,  with  cream-colored  blotches, 
tinged  with  pink.  The  length  in  repose 
is  about  8""  (^  inch). 
The  pnparium  (Fig.  84)  is  dull  brown, 
Fio.  84  —Baceha  lugent,  pnparium.    gourd-shapcd  J  the  autcrior  portiou  greatly 

inflated  and  behind  suddenly  flattened  and 
contracted  to  form  a  sort  of  handle.  The  terminal  spiracles  of  the  larva 
are  seen  at  the  tip  of  the  handle-like  abdomen,  where  they  form  a  pair 
of  wart-like  prominences. 

The  fly  does  not  diff'er  greatly  in  form  from  the  preceding ;  it  has  e^'es 
of  brighter  red,  and  the  wings  are  distinctly  clouded  with  spots  of  brown; 
the  thorax  less  shining,  dark  bronze;  the  shield  (metathorax)  dark 
bronze,  like  the  thorax;  abdomen  thicker,  less  broadly  dilated  at  the 
end,  uniform  brown  in  color.  The  size  of  the  imago  varies  greatly,  from 
8™"  (-1%  inch)  (small  males)  to  12"»™  (j^  inch)  (large  females). 
The  egg  is  indistinguishable  from  that  of  Baccha  habista. 

THE  BUDDY  APHIS-FLY. 

{Ba^ccha  cognata  Loew). 

A  third  species  of  this  genus  is  found  in  company  with  the  preced- 
ing species  preying  upon  Aphis,  sometimes  upon  Orange,  but  more  fre- 
quently upon  different  kinds  of  Plant-lice  found  on  herbaceous  plants 
and  weeds  of  the  garden.  In  this  species  the  form  of  the  fly  and  its 
larva  approach  closely  to  that  of  B.  lugensj  but  they  are  somewhat  more 
slender  and  smaller  than  either  of  the  preceding  species.  In  the  per- 
fect fly  the  color  of  the  eyes  is  mahogany-brown ;  the.  thorax  black,  not 
shining;  the  wings  densely  clouded  with  red- brown;  the  abdomen  dull 
red,  and  very  slightly  dilated  at  the  tip. 
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Fig.  85.  — Th« 
PrninoB* 
A  p  h  i  ■  •  fl  7, 
larra.  (Ong- 
inal) 


Idirva, — ^The  maggot  has  the  form  and  smooth  surface  of  B.  lugeniy 
bot  is  more  transparent  and  lighter  in  color,  yellowish-green  and  white 
predominating. 

THE  PBTJtNOSE  APHIS-PLY.* 

[Figs.  85  and  86.] 

A  Terj  common  enemy  of  the  Orange  Aphis  is  a  small  two-winged 
fly.    Its  yonng  is  a  greenish,  sing-like  maggot,  S"*"  dVo"  inch)  in  length  j 
the  body  is  flattened  beneath,  convex  above,  with  two  deep  longitudinal 
farrows  on  the  back;  the  joints  of  the  head  and  neck  are 
small  and  tapering,  as  in  the  larva  of  Syrphus,  and  can  be 
greatly  extended  or  entirely  withdrawn  into  the  body;  the 
body  behind  is  rather  broadly  ronndcd ;  from  the  upper 
surface  near  the  hind  margin  arises  a  pair  of  diverging 
appendages  like  the  horns  of  a  snail ;  the  ends  of  these 
appendages  are  open  pores,  and  the  apparatus  constitutes 
the  principal  spiracles,  through  which  the  animal  breathes; 
the  surface  of  the  lar\'a  is  roughened  with  minute  knob- 
like excrescences. 

When  ready  to  transform  into  pupa,  the  larva  glues  it- 
self to  the  surface  of  the  leaf  by  means  of  a  black  gum. 
The  body  of  the  larva  shortens  and  thickens,  becomes  oval 
in  shape,  and  assumes  a  golden-brown  color,  the  breathing  tubes  are 
now  very  prominent,  the  lateral  furrows  of  the  larva  are  not  obliter- 
ated, but  divide  the  puparium  into  longitudinal  lobes,  and  appear  as 
broad  bands  of  darker  color  upon  the  surface  of  the  casket. 

When  vacated  by  the  fly  the  puparium  splits  in  a  ring  near  the  an- 
terior end,  releasing  the  tip  in  the  form  of  a  conical  cap  the  cap  also 
splits  across  the  middle,  dividing  into 
two  valve-like  halves,  only  one  of  which 
is  nsnally  thrown  off  by  the  fly  in  its 
exit. 

The  fly  (Fig.  86)  is  a  smaU,  thick 
bodied  insect,  about  2""  (yj^  inch)  in 
length,  with  deep  purple  eyes,  transpa- 
rent wings,  and  particolored  legs;  thd 
body  is  bluish- white  (pruinose),  with 
sparsely  placed  black  hairs ;  the  upper 
surface  of  the  thorax  is  marked  with  ^'*'  ^"^^  ^/^  ^^^^^'  <^«- 
four  longitudinal  stripes  of  umber- 
brown.  The  egg  is  white,  elongate  oval,  with  fine  longitudinal  lines ;  it 
is  fastened  to  the  surface  of  the  leaf  among  the  living  Aphis. 

Transformations, — What  has  been  said  of  the  habits  and  transforma- 

*I>r.  8.  W.  WillifltoD  writes  concerning  this  species:  ''They  are  evidently  An- 
thomjids,  but  I  cannot  place  them  in  any  of  the  Earopeau  genera.  I  am  acqaaiuted 
wifb  a  number  of  the  Anthomyid  genera,  but  this  species  differs  from  any  I  know  in 
the  few  bristles  on  the  head  and  iaoe." 
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tione  of  the  ApbiB-eating  SyrpUus-flies  will  apply  eqaall;  to  this  iusecl, 
and  it  ia  found  in  company  with  them  not  alone  npon  the  Orange,  bnt 
among  various  species  of  Aphis  on  other  plants  as  well. 

Parmite. — A  minute  Hymenopterous  fly  {a  Pleromalid)  '*  attacks  tlie 
larva  and  issues  from  the  puparium  through  round  holes  eaten  in  itn 
side.  Two  specimens  of  the  parasites  were  bred  from  a  single  pupariam 
of  the  fly.    Tliey  issue  in  September. 
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PREDATORY  WASPS. 

F0LI8TES  AHEHICAHTTS  (Fabr.). 

[Figs.  87  and  88.] 

This  large  red  wasp  is  fond  of  making  its  home  under  the  dense  foliage 
of  the  orange  tree,  and  suspends  its  comb  of  paper  to  the  br.inclies. 

It  is  a  large  si>ecies,  and  its  sting  is 

equal  in  severity  to  that  of  the- white- faced 

hornet.     Fortunately,  itis  not  an  irritable 

wasp,  and  is   little  inclined   to   use   its 

weapon,  except  when  its  nest  is  attneked. 

Like  most  insects  of  its  kind  this  wasp 

is  carnivorous,  and  to  a  great  extent  preys 

npou  caterpillars  and  soft-bodied  insects. 

With  these  it  feeds  its  \oung,  first  masti- 

Fio.  87.-Pi*.^(«^fljmTi«iniu.    (After    catitig  the  food  iiito  a  pulpy  ball,  in  order 

that  it  may  readily  be  swallowi-d  by  its 

young,  which  are  not  providtd  with  horny  jaws,  and  then  presenting  it 

to  the  latter  in  iheir  cells  in  macb  the  same  fashion  that  a  bird  feeds 

its  nestlings.    Kot  only  the  gnibs  are  fed  in  this  way,  but  also  the  young 

wasps  which  have  recently  issued  from  the  pupa,  and 

wbicb  do  not  for  sometime  leave  tbe  nest  or  take  part 

in  the  labors  of  the  colony. 

^K^^^  The  nest  consists  of  a  single  comb  or  layer  of  cells, 

Jfctf**^^.^       which  is  increased  in  size  by  the  addilion  of  new  cells 

iHnn^r  around  the  edges  until  it  sometimes  altaias  the  diam- 

^BS/^  ^l^r  of  ^0  (^  12  inches.    The  comb  is  not  protected  by 

I      a  covering  of  paper,  as  in  the  nest  of  a  hornet,  bnt 

tbe  cells  are  built  with  tbe  moutb  downwards,  and 

Id  ipriag.    (Afier    the  back  of  the  coml)  is  made  very  thick  and  strong, 

''  so  that  it  sheds  water. 

The  wasps  make  their  comb  of  wood  masticated  to  a  pnlp.  They  may 
bo  seen  gathering  for  this  purpose  from  fence  rails  and  unpainted  wood 
surfaces  the  fibers  beaten  out  by  the  action  of  the  weatluT,  The  leaf- 
rolling  catcrpilhirs  which  injure  the  buds  and  tender  shoots  of  the  Or- 
aDge  form  a  very  considerable  portion  of  the  food  of  all  colunies  of  Pol- 
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istes  which  have  entablished  themselves  in  the  viciuity  of  orange  groves. 
Namerous  other  insects  are  also  destroyed  by  them.  The  orange-grower 
should  not,  therefore,  be  concerned  to  find  them  building  their  nests  in 
bis  orange  trees,  and  it  is  greatly  to  his  interest  to  allow  them  to  remain. 
The  ordinary  operations  of  cultivating  and  pruning  rarely  disturb  these 
insects,  who  pay  no  attention  to  the  methodical  movements  of  the  hor- 
ticulturist, and  only  resent  a  direct  attack.  Before  the  time  for  gather- 
ing the  oranges  the  nests  are  usually  deserted  by  the  wasps  and  the 
colonies  dis]>ersed,  for  they  do  not  continue  to  breed  during  the  winter 
months  even  in  Florida. 

THE  VASE-MAKER  WASP. 


{Eumenes  fratema  Say ) 

[Fig.  89.] 

This  is  also  a  useful  predatory  wasp,  and  is  never  known  to  use  its 
sting  unless  caught  and  held  in  the  hand.  It  is  -^  inch  in  length;  the 
color  is  black  with  white  markings.  The  abdomen  is  borne  on  a  slender 
stalk  or  j>eduncle,  and  forms  a  rounded  knob,  prolonged  at  the  extrem- 
ity in  a  rather  blunt  point.  Each 
Hide  of  the  swollen  portion  of  the 
abdomen  is  marked  with  a  white 
spot. 

The  female  of  this  wasp  is  sol- 
itary and  makes  single  cells  of 
mud  and  sand,  which  she  attaches 
to  various  plants,  and  not  infre- 
quently to  the  twigs  of  orange 
trees.  ThesfB  mud  cells  are  almost 
spherical,  about  three-fourths  inch 
in  diameter;  the  walls  are  thin 
and  fragile;  they  have  an  opening 
which  is  provided  with  a  projecting  lip  or  ring  and  the  structure  re- 
sembles a  globe-shaped  flask,  with  a  very  short  neck.  Within  the  cell 
the  female  deposits  a  single  white  egg.  She  then  packs  it  with  small 
caterpillars,  each  of  which  is  paralyzed  and  rendered  helpless  by  a  stab 
from  her  sting,  and  seals  the  opening  with  soft  mud. 

Each  female  constructs  a  number  of  cells,  but  scatters  them  about. 
seldom  placing  more  than  one  or  two  in  the  same  place.  When  filled 
and  sealed  up  they  are  abandoned.  The  grub  of  the  wasp  feeds  upon 
the  caterpillars  stored  for  its  use ;  when  all  are  consumed  it  forms  its 
pnpa  within  the  cell,  and  in  due  course  of  time  issues  as  a  perfect  in- 
sect, removing  with  its  jaws  the  earthen  stopper  of  its  doorway. 

Broods, — ^There  are  broods  in  spring  and  fall.  The  summer  months 
are  passed  as  pupsB,  and  the  winter  as  perfect  insects. 


Flo.  89. — a, the  Vaae- Maker  Wasp;  5, nest;  e,ne8t 
showing  interior  stored  with  caterpillars.  (After 
RUey.) 
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Parasites. — This  wasp,  in  common  with  many  other  cell-making  Hy- 
menoptera,  has  an  enemy  which  destroys  the  grub  and  occnpies  its 
place  within  the  cell,  issuing  in  its  stead  through  a  ronnd  hole  made  in 
its  side.  This  parasite  is  a  brassy-green  Cuckoo-bee  belonging  to  the 
genus  Chrysis.  It  is  remarkable  for  its  bright  metallic  green  or  blue 
color,  hard  texture,  and  coarselj'  pitted  surface,  and  the  peculiar  form 
of  the  abdomen,  which  is  abruptly  truncate  behind  and  hoUowed  from 
the  under  side  and  is  capable  of  folding  over  uiK>n  the  head  and  breast, 
protecting  the  members  in  its  hollow  under  surface,  and  making  of  the 
insect  almost  a  compact  ball.  This  position  the  insect  is  apt  to  assume 
when  captured  or  disturbed.  The  perfect  insect  is  11™™  in  length 
(iVir  inch)  when  fully  extended." 

Other  parasitic  Hymenoptera  have  been  bred  from  the  cells  of  this 
wasp,  but  some  of  them  {Bra>conidas)  are  x)arasitic  upon  the  caterpillurs 
stored  as  food  by  the  wasp,  and  not  upon  the  young  of  the  wasp  itself. 
The  eggs  of  these  parasites  existed  in  the  bodies  of  the  caterpillars  be- 
fore they  were  captured  and  placed  in  the  cells  by  the  mother  wa«p, 
and  it  is  noteworthy  that  such  parasitized  caterpillars  are  not  eaten  by 
the  wasp-grub;  probably  because  they  are  soon  destroyed  by  their  in- 
ternal enemy,  and  their  bodies  rapidly  become  too  hard  and  tough  for 
the  weak  jaws  of  the  wasp-grub.  It  is  also  to  be  remarked  that  the 
poisoned  sting  of  the  wasp  while  paralyzing  the  caterpillar,  does  no  in- 
jury to  its  internal  parasite,  but  the  latter  completes  its  transformations 
as  well  shut  up  within  the  tightly  sealed  cell  of  the  wasp  as  under  nor- 
mal conditions  in  the  open  air.  The  parasite  fly,  having  cut  its  way 
out  of  the  bardeued  skin  of  the  caterpillar,  finds  itself  still  inclosed 
within  the  wasp  cell,  the  walls  of  which  it  is  unable  to  penetrate,  and 
it  therefore  remains  imprisoned  until  released  by  the  exit  of  the  wasp, 
for  the  presence  of  the  caterpillar  parasite  in  its  cell  in  no  way  inter- 
feres with  the  transformations  of  the  latter. 

THE  CAMEL-CRICKETS  OB  SOOTHSAYERS. 

These  are  large  insects,  with  attenuated  bodies  and  long,  slender 
legs,  the  first  pair  of  which  are  elbowed  and  provided  with  sharp  spines 
and  hooks  for  capturing  and  holding  their  prey.  The  latter  consists  of 
insects  of  any  sort,  not  protected  by  too  hard  a  shell  or  other  covering, 
but  chiefly  of  flies  and  soft- bodied  active  larvae.  The  camel- crickets  do 
not  molest  Bark-lice,  or  other  sedentary  insects,  and  do  not  prowl  about 
or  spy  into  hidden  places  in  search  of  food,  but  lie  in  wait  for  their 
prey,  taking  only  that  which  comes  within  their  reach;  or  they  creep 
cautiously  and  slowly  upon  any  small  moving  object  which  their  keen 
and  watchful  eyes  discover  in  their  vicinity.  When  within  reach  of 
their  prey,  they  seize  it  with  the  rapidity  of  lightning,  and  hold  the 
struggling  victim  firmly  clasped  between  the  spines  and  grappling 
hooks  of  their  fore  legs. 
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Tbeir  manDer  of  feeding  is  very  nnlike  that  of  other  insect?,  and  re- 
minds one  of  A  monkey  eating  fmit;  tbey  appear  to  masticate  their  food 
very  deliberately  before  swallowing,  biting  off  a  piece  from  time  to  time, 
while  they  hold  it  in  their  clawa. 

The  head  swings  upon  a  very  mobile  neck,  and  can  be  turned  so  far  to 
the  side  as  to  look  almost  directly  backwards  over  ttic  shoulders.  Their 
quick  muvomenttt  betray  an  alertness,  in  striking  contrast  with  the 
feigned  sluggishness  of  habit.  This  evidence  of  watchfulness  while 
tbo  in8c>ct,  with  fore-anus  folded,  and  claws  clasped  in  tliu  attitude  of 
prayer,  remaius  motionless  and  apparently  absorbed  in  meditation, 
^ves  an  irresistably  comic  air  of  hypocrisy  to  its  actions.  These  peca- 
liar  habits  were  well  known  to  the  ancients,  for  the  group  is  represented 
by  numerous  species  inmanypartaof  the  world,  and  they  early  received 
the  name  Mantis  (prophet,  or  soothsayer). 

MANTIS  CAROLINA. 

[Figs.  90  and  91.] 

This,  the  largest  of  onr  species,  is  not  very  abundant  in  Florida,  but 
Ik  sometimes  seen  upon  orange  trees,  catching  every  moring  insect  that 
comes  within  the  reach  of  its  claws.     It  is  yellowish  green  in  color,  and 


about  two  inches  in  length.  It  has  wings  in  the  adult  state,  which 
somewhat  resemble  folded  leaves ;  each  fore- wing  bears  a  brown  spot; 
in  some  exotic  species  the  center  of  this  spot  is  transparent,  and  resem- 
bles a  hole  eaten  in  the  leaf  by  some  insect.  There  is  but  one  brood 
each  year.  The  young  hatch  in  early  sammerand  complete  their  growth 
ID  the  latter  part  of  the  season.    The  large  egg-masses  aixi  glued  to  the 
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twigs  of  trees;  they  are  elougate,  irregularly  oral,  about  ao  iiicb  in 
length,  and  contain  fort;  of  fifty  eggs.  The  eggs  (Fig.  91)  occupy  flat- 
tenetl  cells  placed  in  two  ranks,  alternating  with  each  other;  the  cluster 
of  cells  has  a  braided  or  woven  appearance,  but  consists  simply  of  a  oon- 
tinuoas  ribbon  of  uiiicuti  folded  iu  close  flutiugs,  and  having  an  egg 
deposited  in  the  bight  or  angle  of  each  fold.  The  eggs  are  deposited 
simultaneously  with  the  deposition  of  this  ribbon  by  the 
mother  insect,  and  the  whole  mass  is  at  first  soft  and 
flexible,  but  rapidly  hardens  by  exposure  to  the  air. 

MANTIS  MISSOURIENSIS 1 

In  this  species  the  body,  thongh  over  two  inches  long, 
is  bat  little  thicker  than  a  darning  ueedle ;  the  legs  are 
very  long  and  so  slender  that  they  seem  hardly  compe- 
tent to  sustain  the  veigbt  of  even  ao  meager  a  body. 
The  jextreine  attenuation  of  all  its  parts,  and  the  light 
brown  color  of  the  insect,  afford  it  protection  from  en- 
emies, Biid  enable  it  to  advance  unnoticed  upon  its  prey. 
Its  gbost-like  form  is  difficult  to  detect  upon  plants,  and 
it  has  the  appearance  of  a  straw  caught  iu  spiders' 
webs,  an  illusion  which  the  insect  with  apparent  design 
strengthens  by  frequently  giving  to  its  body  a  swaying 
motion  as  if  vibrated  by  air  currents. 

This  specie's  is  very  common,  and  is  frequently  seea 
upon  the  Orange  as  well  as  upon  other  pluots.  It  has 
a  Bpring  and  fall  brood.  Theegg-masses  arebiick-red 
in  color,  about  half  an  inch  long,  and  flattened  upon  the 
sides.  They  are  usually  dejKtsited  between  the  folds  of 
a  dry  leaf  or  in  crevices  of  the  bark.  The  structore  is 
""""""''''  the  same  as  in  the  preceding  species,  but  the  cells  are 

more  distinct  and  regularly  placed.  The  food  of  this  Mantis  consists 
chiefly  of  small  flies,  and  neither  this  nor  the  preceding  species  are  of 
much  importance  to  the  cultivator  of  plants,  since  they  do  not  atall  dis- 
criminate between  his  friemis  and  foes,  and  do  not  seek  out  or  destroy 
the  more  iusidious  enemies  which  lurk  in  hiding  places,  or  those  which 
protect  themselves  with  a  covering  or  scale. 


flI.-K»!g« 


SOLDIER-BUGS. 

Among  tlio  true  bugs  (Remiptera)  are  numerous  predatory  species,  of 
whicli  not  a  few  fre<iueut  the  orange  tree^.  It  is  not  easy  to  distin- 
guish the  predatory  from  the  idantsucking  kinds,  and,  indeed,  in  some 
inittjuices,  the  same  bug  has  both  habits.  The  most  noteworthy  in- 
stance of  this  is  iu  the  case  of  Bapkigcuter  hilari»,  already  noticed  in. 
Chapter  IX.  This  species,  on  occasion  a  very  destructive  pest  of  the 
plant,  is  at  other  times  a  usefnt  insect,  kilUug  andsncking  the  joioesof 
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plant  eueuiies,  pHrticularly  the  leaf-eating  caterpillars.  Others  of  the 
Soklier-bags  feed  upon  the  juices  of  the  plant  for  a  short  time  after 
hatching,  and  afterwards  lire  exclusively  upon  insects. 

The  most  rapacious  of  the  bugs  belong  to  the  family  Eeduviidae,  and 
have  the  head  well  separated  from  the  body  by  a  more  or  less  slender 
neck ;  they  iK)ssess  a  stout^  curved  beak  and  long  legs,  wdl  fitted  for 
rapid  movements.  Many  of  these  species  bristle  with  spines,  especially 
in  the  younger  stages,  and  the  usual  colors  are  dark  brown  variegated 
with  red. 

THE  SI^IDER-LEGGED   SOLDIER-BUG. 

{Leptocorisa  Upuloides  Latr.) 
[Plate  VI,  Fig.  4.] 

This  species  has  alreaily  been  discussed  among  the  enemies  of  Bark- 
lice  (see  Chapter  VI).  It  is  very  commonly  seen  upon  the  Orange,  and 
frequents,  often  in  great  numbers,  trees  infested  with  Lecanium  Scales, 
and  not  only  sucks  the  juices  of  the  Bark-lice,  but  also  captures  ants 
and  other  insects  which  are  attracted  by  the  lice. 

This  predaceons  bug  should  not  be  confounded  with  the  plant-sucking 
Red  bug  (Di/sflercus  Muturellus)^  which  does  injury  to  the  fruit.  In  Lep- 
tocoris  t  the  form  is  slender ;  the  body  seven-tenths  of  an  inch  long  and 
the  legs  longer  than  the  body ;  the  colors  are  orange  and  blaek. 

The  stouter  form  and  deep- red  color  of  the  Eed-bug  render  the  two 
si^ecies  distinguishable  at  a  glance. 

Leptocorisa  must  be  classed  amdng  beneficial  insects,  since  it  feeds  to 
Rome  4*xtent  upon  Plant-lice  and  Bark-lice ;  but,  like  many  predatory 
bugs,  it  captures  and  destroys  indiscriminately' the  friends  as  well  as 
the  foes  of  the  plant.  Possibly  at  times  it  subsists  almost  entirely  upon 
the  honej'-dew  ejected  by  Plant-lice.  Acids  as  well  as  sweets  appear 
to  be  suited  to  its  taste,  and  it  is  one  of  the  few  insects  known  to  prey 
u|x>n  ants,  the  juices  of  whose  bodies  are  strongly  flavored  with  formic 
acid. 

The  following  soldier-bugs  form  part  of  a  great  army  of  jircdaceous 
insects  which  frequent  the  orange  tree,  but  have  no  viM-y 
close  connection  with  the  plant  or  its  especial  faunii. 

THE  RAPACIOUS  SOLDIER-BUG. 

{Sinea  multUpinom^  De  Geer.) 
[Fig.  92.1 

Fuj.  92  —StTua  mtU- 

Colors  brownish,,  with  a  red  stripe  along  the  upper       u^pinota,    (After 
Mirfaite  of  the  ab<lomcn.    The  body  is  slender,  but  less 
M>  than  Lei>tocorisa.    The  young  bugs  are  said  to  feed  upon  Plant-lice; 
the  adults,  however,  attack  insects  of  large  size. 
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THE  WHEBL-BUQ. 

(Prionottu  ortctotiu,  Linn.) 

[Fie.  »1 


r.    <Art«T01aTBT.) 


This  lar^  bug  is  not  uncommon  in  orange  groves.  Its  body  and  legs 
are  covered  with  a  coat  of  very  fine,  close  down,  giving  it  an  ash-gray 
color;  tbe  thorax  rises  iu  a  semi  circular  ridge,  vhich  is  provided  with 
short,  projecting  spines,  regularly  placed,  like  the  teeth  of  a  cog- wheel; 
the  head  is  small,  bnt  is  armed  with  a  powerful  beak,  which  is  capable 
of  giving  a  poisonous  stab,  more  painful  to  man  than  the  sting  of  a 
hornet. 

Mr.  Glover,  in  the  Report  of  tbe  Commissioner  of  Agricultnre  for 
1875,  gives  an  extended  account  of  this  insect,  and  shows  that  it  is  very 
voracions  in  all  its  stages ;  the  young  prey  upon  Aphis  and  other  small 
or  soft-bodietl  insects,  and  uficr  paralyzing  them  with  their  deadly  sting 
suck  and  empty  them  of  their  juices. 

Tbe  eggs  are  urn-shaped,  as  shown  in  the  figure,  and  are  deposited  in 
large  clusters,  firmly  cemented  to  each  other,  and  placed  in  all  sorts  of 
situations,  bnt  usually  upon  some  firm  suppoit,  such  as  tbe  tmnb  of  a 
tree  or  the  siae  of  a  building,  or  feoee  rail. 

The  youug  wheel-bugs  are  bright  red  with  black  markings. 

The  Green  Soldier-bug  (Raphiganter  kilarta  Fitch),  tbe  two  species 
of  Metapodins  {M.fvmoratua,  and  jU.  ierminalit),  with  the  closely  allied 
species,  Eutkochtka  galeator  Fabr.,  have  already  been  noticed  as  partly 
plaut-feeding,  but  with  rapacious  habits  also. 


INNOXIOUS   INSECTS   FREQUENTING  THE   ORANGE.  193 

INNOXIOUS  INSECTS. 

CASE-BEARERS  ON  ORANGE. 

The  tnmkB  of  orange  trees  are  favorite  feedinggroands  for  the  larvse 
of  several  small  moths  of  the  family  TineidsB,  which  protect  their  bodies 
irith  cases  formed  of  fragments  of  their  food  material.    In  the  case  of 
diose  species  which  are  met  with  upon  orange- tree  tronks  the  food  con- 
sists of  lichens  or  other  minute  cryptogams  found  growing  upon  the 
bark. 

A  very  common  species  belongs  apparently  to  the  genus  Coleophora. 
Its  ease  is  dull  white,  about  the  size  and  somewhat  the  shape  of  a  grain 
of  oats;  it  is  rather  smooth  outside,  and  seems  to  be  formed  of  finely 
oomminated  bark. 

THE  ORANGE  CASE-BEARING  TINETD. 

{CoUotechnites  citrieUa  Chambers.) 

This  species  was  first  made  known  in  the  Report  of  the  Commissioner 
of  Agriculture  for  1879,  which  contains  the  following  account  of  its 
habits.  Mr.  Chambers'  descriptions  of  the  genus  and  species  will  be 
foand  in  the  same  report,  page  206 : 

<*At  Manatee,  Fla.,  in  the  latter  part  of  April,  I  found  upon  the  trunk 
of  an  orange  tree  the  case  of  a  Tineid  larva.  This  case  was  rather  slen- 
der, 11™°  (.43  inch)  long,  and  rather  x)oiiited  at  the  hinder  extremity. 
It  was  dark  gray  in  color,  resembling  the  bark  upon  which  it  was  found, 
and  was  apparently  comx>osed  of  small  bits  of  lichens  and  excremental 
pellets,  with  much  gray  silk.  The  moth  issued  March  6,  and  upon  be- 
ing referred  to  Mr.  Chambers  proved  to  be  a  new  species  representing 
a  new  genus.^ 

BARK  CLEANERS. 

Among  the  host  of  harmless  insects  that  from  time  to  time  make  their 
appearance  upon  the  orange  tree,  there  is  a  group  of  scavengers  that^ 
frequent  the  trunks  and  assist  in  cleansing  the  bark,  by  devouring  the 
fangi,  molds,  or  excreta  of  other  insects  that  befoul  its  surface.  Of 
these  the  most  conspicuous  examples  are  certain  ^nerve- veined  insects 
(l^europtera)  belonging  to  the  genus  Psocus. 

Psoous  VENOsus  Burm. 

The  adult  of  this  species  is  smoky-brown ;  head  dark  bronze ;  an- 
teatuB  daskyt  lighter  at  the  base,  densely  hairy  in  the  male ;  thorax  mar- 
gined with  yellow ;  fore- wings  almost  black,  the  three  basal  veins  yellow. 
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with  a  triangular  spot  of  yellow  color  (pterostigma)  near  the  margin 
toward  the  tip ;  hind- wings  smoky,  hyaline ;  feet  yellowish,  with  dnsky 
tips ;  length  5™">  to  8"°»  (t^  to  ^^  inch). 

These  little  animals  are  seen  upon  the  trunks  of  orange  trees  in  flockB 
numbering  from  a  dozen  to  forty  or  fifty  individuals.  They  feed  in 
companies  and  browse  upon  the  lichens  which  they  cleanly  remove  from 
the  bark,  leaving  a  clear  space  behind  them.  The  colonies  consist  of 
one  or  more  families  and  include  individuals  of  all  ages,  the  wingless 
young  herding  with  the  adult  insects. 

The  adults,  although  winged,  do  not  readily  take  flight.  When 
alarmed  the  troop  huddles  together  for  mutual  protection  like  sheep, 
but  if  directly  attacked,  or  when  seized  with  a  sudden  panic,  they  scatter 
in  every  direction  and  run  nimbly  over  the  bark,  with  which  their  drab 
colors  harmonize  so  closely  that  they  are  not  easily  distinguished  upon 
its  surface.  If  left  undisturbed,  the  herd  in  a  short  time  reassembles 
and  quietly  resumes  its  methodical  attack  upon  the  lichens. 

The  eggs  are  oval,  glistening  white ;  they  are  laid  upon  the  bark  in 
batches  of  15  to  30,  deposited  on  end  in  several  rows  obliquely  overlap- 
ping each  other,  and  the  batch  is  protected  by  an  oval,  convex  shield  of 
comminuted  wood  which  surrounds  and  adheres  closely  to  the  eggs. 

The  females  watch  their  eggs,  and  as  soon  as  they  are  hatched  lead 
their  young  ones  forth  to  pasture. 

This  delicately  organized  insect  is  fond  of  shade  and  moisture  and  is 
most  commonly  seen  in  densely-shaded  groves  and  old  gardens.  It  is 
not  restricted  to  the  orange,  nor  is  it  compelled  to  live  upon  plants 
aloue;  it  may  thrive  on  walls  or  fences,  wherever  lichens  grow.  The 
smooth  bark  of  the  orange,  when  conditions  favor  the  growth  of  fungi, 
aifords  excellent  pasturage  to  this  Psocus  and  it  frequently  becomes 
very  abundant. 

It  is  hardly  necessary  to  point  out  that  to  the  extent  of  its  feeble 
powers  this  is  a  useful  insect,  and  its  presence  should  excite  no  alarm. 
Fsocm  venosus  is  more  distinctively  a  northern  than  a  southern  insect 
and  does  not  inhabit  the  extreme  southern  x>ortion  of  the  orange  dis- 
trict in  Florida.  The  adult  insects  hibernate  and  begin  breeding  early 
in  the  spring. 

THE  ORANGE  PSOOUS. 

(Psocua  citricola  Ashmead.) 

This  is  a  smaller  species  than  the  preceding.  Length  2.5™°  to  S™' 
(t^  t»  -^^  inch).  The  color  is  white  or  pale  yellow;  the  adults  have 
very  transparent,  hyaline  wings.  At  all  ages  the  semi-transparent 
body  shows  the  color  of  the  intestinal  contents,  which  varies  consider- 
ably with  the  condition  and  nature  ^f  the  food.'  This  consists  of  the 
wax  and  other  soft  excretions  of  Bark-lice,  of  honey-dew,  and  probably 
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also  of  minate  fungi  or  their  spores,  which  germinate  on  leaves  and 
bark  infested  with  insects. 

The  eg^  are  pearly- white  and  are  laid  in  hoflows  upon  orange  leaves, 
in  clusters  of  ten  or  twelve,  tightly  covered  with  a  shield  of  black  ex- 
crementitious  matter.  Over  this  is  stretched  a  light  canopy  of  web,  in 
which  are  entangled  a  few  minute  black  grains  of  excrement.  The  ex- 
treme transparency  of  the  egg  envelopes  as  well  as  of  the  animal  itself 
affords  an  unusually  favorable  opportunity  for  the  study  of  the  changes 
that  precede  its  birth. 

Just  before  hatching  the  embryos  lie  with  their  backs  to  the  surface 
of  the  leaf  and  are  not  curled  iu  the  eggy  but  the  head  only  is  bent  over 
upon  the  breast.  As  the  egg-shell  is  absolutely  transparent  and  the 
embryo  very  nearly  equally  so,  all  internal  changes  of  form  can  be 
plainly  seen. 

Id  hatching,  the  first  movement  seen  is  the  formation  of  air  bubbles, 
which  pass  in  rapid  succession  between  the  mouth  organs  and  collect 
in  a  larger  bubble  within  the  head  of  the  embryo.  From  time  to  time 
this  larger  bubble  passes  through  the  constriction  of  the  neck  and  dis- 
appears in  the  body  cavity.  The  head  of  the  embryo  gradually  swells, 
elongates,  and  distends  the  elastic  egg-shell  at  the  end,  until  this  finally 
bursts  and  the  young  insect  protrudes  its  body,  curving  upwards  and 
forwards.  * 

Air  continues  to  pass  through  the  neck  into  the  abdomen,  which  be- 
comes greatly  distended  and  elongated,  showing  the  segments.  A  mus- 
cular movement  not  connected  with  the  passage  of  the  air  bubbles  is 
seen  in  the  frontal  part  of  the  head  and  the  occiput  is  frequently  drawn 
inwards,  forming  a  deep  depression. 

The  bursting  of  the  first  larval  skin  was  not  witnessed,  but  it  evidently 
takes  place  soon  after  the  abdomen  is  fully  distended.  The  larva  re- 
mains for  many  hours  in  an  erect  position,  with  the  tip  of  the  body 
clasped  by  the  egg-shell  and  the  cast  larval  skin.  The  head,  at  first 
elongate,  becomes  transverse  and  there  is  a  general  contraction  and 
change  of  form  in  all  the  parts. 

After  the  larva  has  freed  itself  from  the  egg-shell  and  envelopes,  the 
abdomen  is  gradually  contracted  by  the  exertion  of  considerable  and 
long-continued  muscular  effort  and  changes  from  a  cylindrical  to  a  cor- 
date form. 

The  process  of  hatching  occupies  several  days,  and  the  young,  as  we 
have  seen,  make  their  entrance  into  the  world,  like  a  marsupial,  in  a 
somewhat  rudimentary  condition. 

The  Orange  Psocus  lives  chiefly  upon  the  leaves  of  plants,  associated 
in  small  flocks  or  fiamilies.  It  passes  the  greater  part  of  its  life  hiding 
under  the  canopies  of  web  erected  over  the  egg-clusters.  Here  the 
mother  awaits  the  appearance  of  her  brood,  and  here  the  young  insects 
duster,  sallying  forth  from  time  to  time  with  the  adult  in  search  of 
food. 
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The  species  breeds  continuoasly  in  summer  aud  some  eggs  are  hatched 
even  in  winter.  The  adult  insects  hibernate  in  protected  places,  bat 
are  more  delicate  than  their  northern  relative  and  proba4)ly  do  not 
extend  beyond  the  region  in  which  the  Orange  is  grown. 

The  operations  of  this  Psocus  are  apparently  of  trifling  importance; 
it  is,  however,  one  of  the  commonest  of  orange  insects  and  as  such  at- 
tracts considerable  attention. 
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APPGIVDIX   I. 

THE  MBALT  BUG  AT  ORANGE  LAKE,  FLOBIDA. 

[Sxtrmeted  firmn  a  letter  by  Job.  Yoyle,  Gainesville,  Fla.,  June  12, 1884.    Beprinted 
from  BnUetin  4,  DiYiaion  of  Entomology,  U.  8.  Depftrtment  of  Agricnltnre,  p.  85.] 

HaTing  bnsineeB  near  Orange  Lake  dnring  the  past  week,  I  visited  several  orange 
grovea.  I  fbond  all  of  the  Florida  varieties  of  Soale-inseots  in  abundance.  Oranges 
are  already  maty,  and  the  Rost-mite  in  many  places,  on  both  leaves  and  firnit,  in  snch 
large  numbers  as  to  give  a  distinct  coloration,  distinguishable  at  a  distance  of  ten 
feet. 

Bat  the  most  destmctive  insect^  at  present  absorbing  all  the  attention  of  the  orange- 
groirers  there,  is  the  Mealy-bng,  DaefylopiM  de$tnieior.  This  insect  causes  the  fruit 
to  rot  onder  the  colonies.  ▲  favorite  place  of  lodgment  is  at  the  stem,  under  the 
ealyx ;  the  result  is,  the  fruit  drops. 

I  staid  there  three  days  to  examine  methods  used  and  experiment  in  their  destruc- 
tion. 

The  cotton  y  armor  repels  all  watery  solutions. 

The  methods  used  are :  spraying  each  separate  colony  with  pure  kerosene  by  means 
of  bellows  atomisers;  and  mechanical  action — ^rubbing  or  pinching  each  separate 
colony  (by  colony  I  mean  the  little  dusters  consisting  of  from  ten  to  several  hundred 
indlvidnaJs) ;  this  is  done  by  the  fingers. 

I  examined  the  trees  that  had  been  treated  with  the  kerosene  spray  and  found  both 
the  leaves  and  fruit  spotted  yellow.  I  was  also  informed  that  fruit  saved  in  this  way 
two  years  ago  was  useless,  having  absorbed  the  odor  of  kerosene.  The  efiective 
progress  made  by  the  means  used  is  trifling,  in  consideration  of  the  work  to  be  done. 
I  tried  experiments  with  solutions  of  murvite  sprayed  on,  but^with  no  good  result ; 
then  tried  kerosene  butter,  using  thick^  milky  solution  of  murvite,  which  combines 
in  exactly  the  same  way  as  with  cow's  milk,  and  found  that  an  effective  emulsion 
could  thus  be  made. 

After  using  and  watching  the  action  of  this  for  some  time,  I  saw  that  the  interior  in- 
sects of  a  dense  mass  were  protected  by  the  exterior  ones ;  further  experiments  were 
made  to  meet  this  difficulty.  By  watching  the  men  at  work  I  saw  that  nearly  every 
infested  orange  was  handled  to  turn  all  of  its  sides  to  the  eye ;  that  wherever  a  large 
colony  found  lodgment  in  a  fork  of  twigs  or  in  a  depreseion  of  the  bark  they  were 
handled,  also  that  the  bunches  of  Spanish  moss  {TiUtuUMa)  formed  formidable  breed- 
ing places.    All  of  these  require  force  for  their  dislodgment. 

A  strong  stream  of  water  was  tried  and  proved  effective,  but  laborious,  and  the  in- 
sects falling  to  the  ground  were  not  killed. 

Experiments  with  solution  of  murvite,  made  under  a  microsocope,  showed  that  in 
all  cases  where  the  solution  came  into  actual  contact  with  the  skin  of  the  insect  the 
bug  was  instantly  killed.  Acting  upon  this  and  the  knowledge  gained  by  previous 
observation  and  experiment,  I  tried  the  effect  of  a  fine,  solid  stream  issuing  under 
prsssuro,  using  a  solution  of  murvite,  one  part,  to  water  two  hundred  and  fifty  parts. 
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The  rpAoltii  were  excellent ;  tbe  sol ot ion  being  forced  int4>  tbe  colonies  broke  tbeomp^ 
and  coining  into  contact  with  tbe  insects  killed  tbem,  tbe  method  oi  working  being 
one  man  at  the  pnmp,  another  to  gnide  tbe  utream.  Tbe  apparatus  improTiaed  be- 
ing badly  adapted  U>  the  pnqMwe  i»  very  awkward.  The  work,  altbongh  about  four 
timeft  am  faat  a«  with  the  bellows  atomizer,  ia  not  adequate  to  tbe  economical  require- 
ments. This  method  has  the  merit  of  no  loss  by  damage  to  frnit  or  leaves  by  the  ma- 
terial nsed ;  the  waste,  falling  on  tbe  leaves  and  branches,  will  exterminate  both  scale- 
insects  and  mst-mites,  these  being  plentiful,  but  neglected  in  tbe  presence  of  tbe  more 
pressing  necessity  of  saving  the  growing  crop  from  destmetion  by  the  Ifealy-bng. 
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Coit  of  keroiene  wask.^The  following  is  the  estimated  cost  for  a  standaid  wash 
of  whale-oil  soap  and  kerosene  emolsion  containing  67  per  cent,  of  oil,  and  dilated  1 
to9: 

Kerosene,  2  gallons,  retail  at  20  cents..: |0.40 

Soap,  i  ponnd,  retail  at  10  cents 6 

Water,  1  gallon 0 

Emnlsion,  3  gallons 45 

At  wholesale  rates,  18  cents  for  kerosene  and  8  cents  for  soap,  three  gallons  of  emnl- 
sion cost  '40  cents  =13^  cents  per  firallon.  One  gallon  of  emolsion  =  10  gallons  of 
dilated  wash ;  cost,  15  cents.    Cost  of  wash  per  gallon,  1^  cents. 

With  the  '*  Aqaapolt"  pamp  and  ''Cyclone"  nozzle,  fonr  gallons  of  wash  is  soffi- 
cient  for  thirty  nursery  trees  of  one  and  two  years  from  the  had.  Cost  per  tree,  two- 
tenth  cent.  '*' 

Trees  which  have  heen  transplanted  and  have  made  two  years'  average  growth  in 
the  grove  (3  or  4  years  from  the  had)  reqaire  ahoat  two-thirds  of  a  gallon  of  wash. 
Cost,  1  cent  per  tree.  Bearing  trees  of  full  size  will  reqaire  fitim  5  to  10  gaUons  of 
wash.    Cost,  7  to  15  cents ;  average  ahoat  10  cents  per  tree. 

Table  2.~Whalb-oil  soap. 


In  Tahlo  2  are  given  the  resnlts  of  experiments  with  solutions  of  whale-oil  soap 
applied  in  fine  spray  to  all  parts  of  the  trees  hy  means  of  the  aqoapalt  pamp.  The 
eolations  were  all  applied  hot,  being  either  solid  when  oool  or  too  thick  for  spraying 
through  the  pump. 
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Table  3.— Lye  solutions. 

The  foUowiog  is  a  synopsis  of  experiments  with  potash  and  soda  in  canstio  solations : 

Experimenta  withpotaah, — Experiment  No,  90. — Solution,  li  pounds  iK>ta8h  to  1  gallon 
water.  Applied  in  fine  spray  to  two  thrifty  young  trees,  about  four  years  old.  Leares 
and  tender  shoots  wilted  visibly  and  changed  color  during  the  application,  showing, 
a  few  minutes  later,  spots  of  brown.  Two  days  after  the  application  all  the  leaves 
were  dead  and  dried  up  as  if  by  fire,  and  remained  adhering  to  the  branches.  Young 
growth  entirely  killed  and  pitted  with  holes.  Three  weeks  later  all  branches  under 
one  inch  in  diameter  were  found  to  be  entirely  killed,  the  bark  of  larger  branches 
partly  destroyed,  the  bark  of  trunk  blackened  and  hardened,  but  not  destroyed.  Upon 
the  latter  buds  had  begun  to  appear.  Upon  those  portions  of  the  tree  where  the  bark 
was  entirely  destroyed  the  insects  themselves  were  destroyed,  but  one-tenth  of  the 
scales  upon  the  dead  bark  contained  living  eggs.  Where  the  bark  was  not  entirely 
destroyed  half  of  the  Cocoids  and  more  than  half  of  their  eggs  escaped.  The  tops  of 
both  trees  were  killed  and  their  shape  and  symmetry  ruined.  A  40  per  cent,  keiosens 
emulsion  would  have  been  as  effective  in  destroying  the  Scale-insect,  and  would  have 
had  no  appreciable  effect  on  the  tree.  A  67  per  cent.  emuUdon,  which  would  have 
exterminated  the  insects,  would  have  partially  defoliated  the  most  thickly  infested 
branches,  without  affecting  the  vigorous  portions  of  the  tree. 

ExpeHment  No,  91. — Solution,  1  pound  potash  to  1  gallon  water.  Applied  to  two 
small  trees  very  badly  infested  with  Scale-insects.  Owing  to  the  enfeebled  condition 
of  the  trees,  the  effect  of  the  lye  was  as  severe  as  in  the  preceding  experiment.  Five 
weeks  later  one  of  the  trees  was  recovering,  the  other  dying,  and  Scale-insects  in  both 
cases  increasing. 

Experiment  No,  94.— Solution,  two-thirds  pound  potash  to  1  gallon  water.  Applied 
to  several  young  trees.    Nearly  all  the  leaves  dropped  and  many  branches  killed. 

Experiment  No,  92. — Solution,  one-half  pound  potash  to  I  gallon  water.  Applied  to 
two  small  trees  badly  infested  with  Long  Scale.  Both  trees  badly,  one  completely, 
defoliated.  Tender  bark  and  smaller  branches  killed.  Four  or  five  weeks  later  the 
trees  were  recovering,  but  young  brood  of  Scale-insect  had  thickly  coated  all  the 
living  branches. 

Experiment  No,  95. — Solution,  four-tenths  pound  potash  to  1  gallon  water.  Applied 
to  a  tree  of  medium  size  and  in  good  condition.  Great  injury  to  foliage  and  tender 
bark.    One  month  later  the  trees  were  recovering,  but  Scale-insect  increasing*. 

Experiment  No,  9.3.-— Solution,  three-tenths  pound  potash  to  one  gallon  water.  De- 
vitalized branches  completely  defoliated ;  other  portions  less  severely  affected.  Bark 
blackened  and  hardened.  One  month  later  trees  recovering ;  Scale-insect  not  dimm- 
dimiuished  in  numbers. 

Experiment  No,  96.— .Solution,  one-fourth  pound  potash  to  1  gallon  water.  Applied 
to  a  vigorous  tree.  Tree  not  severely  defoliated.  Four  weeks  later  Scale-insect  in- 
creaaing. 

Experiment  No,  86.— Solution,  one-sixth  pound  potash  to  1  gallon  water.  Applied  to 
a  tree  rather  badly  infested,  but  still  vigorous.  Tree  slightly  defoliated.  Scale- 
insect  not  checked  and  no  eggs  killed. 

Experiments  with  soda  lye, — ^The  strongest  application  of  soda  lye,  two-thirds  pound  to 
1  gallon  water,  was  not  more  severe  in  its  effects  upon  the  tree  than  one-half  this  amount 
of  potash  applied  in  Experiment  No.  93.  The  bark  was  blackened,  but  not  destroyed, 
and  the  tree  was  severely  defoliated.  The  application  had  no  permanent  effect  in 
removing  the  Scale-insects,  but  these  were  afterwards  destroyed  by  an  application  of 
kerosene  emulsion,  and  the  tree  in  consequence  fully  recovered  its  vigor.  The  remain- 
iug  experiments  with  soda  lye— 1  pound  to  2, 1  pound  to  2^,  and  1  pound  to  3  gallons 
of  water,  respectively  (Nos.  43,  44,  and  45)— failed  to  check  the  increase  of  the  Scale- 
insect.  One  year  later  these  trees  had  lost  instead  of  adding  to  their  growth,  and  ap- 
peared to  be  in  dying  condition,  the  continued  presence  of  the  insects  having  prevented 
a  recovery  from  the  effects  of  the  lye.  The  Scale-insects  were  subsequently  removed 
by  applications  of  kerosene,  and  the  trees  began  to  improve  rapidly. 
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Tablb  4.~Cbudb  gabbolio  acid  (oil  of  gbbosotb). 

In  Table  4  are  given  reenlts  of  experiments  with  oarbolio  acid  in  solntion  a 
bined  with  other  substances. 

In  experiment  No.  27,  9  flaid  ounces  of  carbolic  acid  was  applied  to  a  sin 
about  fire  years  old.  The  tree,  which  was  badly  infested  with  Long  Soale,  i 
many  branches  dead  and  dying,  was  seyerely  defoliated,  and  lost  some  m 
branches,  but  recoyered  in  six  weeks  and  pushed  out  new  growth  in  midwint 

In  experiment  No.  30  a  pint  measure  of  crumbled  carbolic  soap  was  applie 
actual  amount  of  acid  contained  in  this  soap  did  not  exceed  2  fluid  ounces, 
termination  of  Long  Scale  was  complete.  The  tree,  which  was  very  badly 
and  in  poor  condition,  was  almost  completely  defoliated  and  lost  half  its  bi 
but  recoyered  very  rapidly  and  pushed  out  new  leaves  within  thirty  days.  (< 
25.) 

In  experiment  No.  21  the  other  substances  added  to  the  carbolic  solution  ii 
the  injury  to  the  foliage  of  the  tree  and  it  was  very  severely  checked,  but  ent 
covered  and  was  stimulated  to  vigorous  growth  at  a  time  when  all  snnonndi 
were  dormant. 

In  the  remaining  experiments,  13, 14,  15«  and  15^  the  quantity  of  carbolic  m 
was  not  sufficient  to  kill  the  Scale-insects.  The  effect  upon  the  trees  was  al 
alight. 
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Table  5.— Bisulphide  of  carbon. 

UbJe  5  Are  given  the  resalU  of  several  experiments  with  this  insecticide.  The 
tioo,  of  which  the  ingredients  are  given  in  the  table,  was  formed  by  beating  to- 
r  with  a  spatula  the  carbon  and  lard  oil  and  then  adding  the  milk  and  water, 
unlsifying  in  the  same  manner. 

trees  in  experiments  40  and  41  were  very  severly  checked,  although  not  seriously 
],  and  all  subsequently  recovered.  In  experiment  39  the  mixture  was  applied 
a  rain,  and  was  entirely  without  effect  upon  the  tree  or  scale. 
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Table  6.— Shjcatb  of  soda. 

Table  6  gi'vem  the  resulto  of  a  single  experiment  in  which  silicate  of  soda,  in  the 
fi>nn  cf  a  thick  liquid,  was  dilated  ten  times  and  applied  in  fine  spray. 

In  other  trials,  with  stronger  eolations,  the  best  resnlt  obtained  was  80  per  cent. 
of  the  young  Coocids  killed,  and  trees  were  cleared  of  scale  by  repeated  applications 
at  interralp  of  aeTeral  weeks ;  bat  in  these  oases  the  bark  was  hardened  and  the 
growth  of  the  treea  somewhat  checked. 
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THE  COITION  OF  BAG  WORMS. 

ThA  foUoiring  ia  an  extract  from  an  aooonnt  of  certain  Australian  Bag-worms,  by 
Wmiam  W.  SaandeiSy  ae  read  before  the  Entomological  Society  of  London,  February 

"^a^iitt  30. — On  tlua  day  I  first  observed  a  yellowish- white  snbstance  protrading  at 
the  lower  end  of  the  largest  cases,  which  apon  close  examination  proved  to  be  a  por- 
tion of  the  females  in  the  imago  state,  one-third  of  their  bodies  being  exposed.    About 
an  hoar  afterward,  examining  the  cabcs  again,  I  found  the  females  had  receded,  and  in 
opening  a  ease  the  female  moth  became  evident  within,  and  thus  they  emerge  and 
recede  as  occasion  may  require*    The  female  is  a  large  apterous  moth,  with  a  very 
little  of  the  ordinary  appearance  of  an  insect  of  the  moth  kind.    The  length  is  about 
If  inches,  diameter  full  half  an  inch,  color  yellowish  white,  fawn,  or  buff;  head  and 
three  first  segments  of  the  body  naked  and  glossy  on  the  upper  part;  feet  very  short. 
Antttinfls  none,  or  at  least  not  visible  to  the.  unassisted  eye;  anal  segment  of  the 
body  clothed  all  round  with  a  dense  covering  of  silky  down  [42]  of  a  deeper  color  than 
the  rest  of  the  body ;  ovipositor  well  developed. 

^*8tpUmSbet  5. — ^E^amined  some  of  the  females,  no  males  having  yet  appeared.  Two 
or  three  were  dead ;  one  neatly  so,  having  deposited  a  great  number  of  ova  in  the 
papa  case,  which  were  enveloped  in  a  short  silky  material.  When  the  female  has  d^ 
posited  all  her  ova,  she  is  literally  nothing  but  thin  skin,  which  soon  desiccates,  leav- 
ing room  for  the  young  larv»  to  pass.  I  have  examined  other  species  of  OtkeiioMf  and 
find  all  the  females  are  apterous. 

**8€fUmher  SiO.— A  male  imago  appeared  this  morning.  It  had  been  in  active  opera- 
tion a  good  while,  as  evinced  by  its  wings,  being  much  broken  at  the  tips  and  other- 
wise much  abraded.  It  is  an  insect  of  very  peculiar  construction,  and  seems  to  have 
some  affinity  with  ZeuMtra,  It  has  the  extraordinary  power  of  extending  the  abdo- 
men to  9  inches  in  length,  and  of  turning  and  twisting  it  in  all  directions.  When  in 
this  state  it  has  alternate  rings  of  black  and  yellow,  with  a  curious  appendage  at  the 
extremity.  The  male  apjiears  very  eager  to  accomplish  the  grand  object  of  nature, 
namely,  the  continuation  of  its  species,  as  its  existence  appears  to  be  of  short  (lura> 
tion.  The  large  fat  or  rather  distended  females  have  not  room  to  turn  their  bodies 
so  as  to  present  the  generative  organs  conviently  to  the  male,  consequently  the  immense 
development  of  the  abdomen  in  the  males  is  of  the  greatest 'importance ;  but  it  appears 
very  extraordinary  that  the  head  of  the  female  should  be  inverted,  when  it  is  known 
that  she  never  emerges  from  the  case  unless  by  accidentally  falliog  therefrom,  which 
position  obliges  the  male  when  in  the  act  of  coition  to  stretch  his  abdomen  all  along 
the  side  of  the  female  full  If  inches.  This  peculiarity  appears  to  me  to  be  the  design 
of  the  all- wise  Creator,  in  order  to  afford  a  secure  place  for  the  defenseless  larvte,  viz, 
that  of  the  pupa-case  of  their  parent,  from  which  they  emerge  after  the  disappearance 
of  their  mother's  body,  and  immediately  form  themselves  silken  cases  covered  with 
amall  pieces  of  anything  they  can  procure,  arranged  in  every  respect  like  the  larger 
oneo." 

*  Bemarks  on  the  habits  and  economy  of  a  species  of  OUwHcMf  found  on  shrubs  in 
the  vicinity  of  Sydney,  N.  8.  W.,  by  W.  W.  Saunders,  esq.,  F.  L.  S.,  &c.  Drawn  up 
firom  notes  furnished  by  W.  Stephenson,  esq.  Transactions  of  the  Entomological  So- 
ciety of  Londcm,  Vol.  V.    1847-1849.    pp.  40-^ 
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Becentlj  Profewoc  Bil«y  bu  giTon  »  n 


«  detailed  and  exact  ac«oant  of  tlie  ml 


r  bjr  which  the  act  of  a 


^tipafp«iili;  ■Jieolu'Ctd.    (Attac  Biley. 


tahea  place.    A  portion  of  hia  article  whicb  *i 
published  in  the   ScientiSe  Aioericu  Snppb- 
ment  of  April  3,  1879,  and  republlBhed  in  the 
ProceedJDga  of  the  Bio1<%ical  Society  of  Wub- 
in^on,  Vol.  ii,  lSSi-'4,  p.  81,  is  here  reprodnccd^ 
"  We  have  aeea  that,  bj  means  of  the  putitl 
eloDgatioD  of  her  paparinm  and  her  paitiild' 
traction  thetefrom,  the  female  is  able  to  nut 
with  her  head  to  the  extreme  lower  end  ot  bo 
follicle,  caDsing,  in  doing  so,  the  narrow  dutic 
portion  of  the  follicle  to  bnlge,  and  the  oriGt* 
to  open^more  or  less,  as  it  repeatedly  did  wbilt 
the  tarva  was  yet  feeding,  whenever  the  ei 
ment  had  lo  be  expelled.    Fig.  94,  a,  sbovsi 
licle  cut  open  so  as  to  exhibit  the  elongated  pn- 
parium.  and  the  female  extended  from  it 
awaits  the  male ;  b  represents  this  degraded  fe- 
male more  in  detail.    A  ennory  examination  at 
the  male  showH  the  genital  armatnte,  which  \t 
always  exposed,  to  consist  of  ( 1 )  a  brown,  homy, 
bilobed  piece,  broadening  about  the   middle, 
narrowing  to  and  notched  at  tip,  concave,  ai 
rnrnishcd  with  a  tuft  of  dark  hairs  at  tip  inside; 
(•!)  a  rigid  brown  sheath,  upon  which  play  (3) 
the  genital  hooka  or  clasps,  which  are  also  eon- 
[ler  finger  furnished  with  hairs,  the  onter 
produced  to  an  obtnse  angle  near  tip,  and 
generally  nnarmed  (big.  (6,  e).     In  re- 
pose, this  armatore  appears  as  in  Fig.  9S, 
c,  from  beoeAth,  and  as  at  d,  from  above, 
and  is  well  adapted  to  prying  into  the 
opening  of  the  follicle.    The  male  abdo- 
men is  l«1cscopically  extensile,  while  tbs 
tip  easily  bends  or  cnrves  in  any  direc- 
tion, hot  most  nataially  beneath,  aa  at 
b,  where  it  is  represented  enlarged  alwnt 
six  times,  and  with  all  the  genital  parta 
expanded;   it,  the  fised  ontei  sheath;/, 
the  clasps  ;  g,  a  pale  membranous  sheath 
upon  which  the  prieputinm  (A)  plays,  as 
on  the  finger  of  a  glove;  t,  the  fleshy  elaa- 
tic  penis,  armed  with  rctorse  hairs,  and 
capable  of  estending  to  nearly  one-fonrth 
of  an  inch  ;  j,  showing  the  end  still  mora 
fully  enlarged.     With  this  exposition  of 
details,  not  easily  observed  or  generally 
understood,  the  act  of  fecnndation  is  do 
longer  a  mystery ." 


KOTES. 


NoTB  1  (p.  59). — ^Mr.  Howard  states  that  this  Tetrastichns  has  never  since  heen  bred, 
and  that  the  material  is  too  poor  for  determiDatiou.-   April  18,  1885, 1  bred  two  addi- 
tional species  of  parasites  from  the  Florida  Ceroplaates  at  Crescent  City,  which  were  de- 
termined by  Mr.  Howard  as  (1)  Coccophagus  vividua  Howard  (see  Bulletin  5,  Division  of 
Eotomologyy  U.  8.  Dept.  Agr.,  page  24,  species  37)  which  I  had  previously  bred  from 
Lecanimm  hesperldum,  on  Orange,  at  Crescent  City.    (2)  A  species  of  j^ncj^r^us  repre- 
sented by  one  ^  which  was  mounted  in  balsam  and  so  badly  crushed  as  to  admit  only 
of  Agenerio  determination. 

KoTE  2  (pp.  €9  and  77). — In  looking  np  the  saved  material  in  order  that  this  species 
might  be  determined,  but  a  single  crippled  and  inferior  specimen  was  fonnd,  and 
Prof«aaor  BUey  prefers  not  to  describe  it  for  the  present  from  this  unsatisfactory 
■pecimen. 

NoTB  3  (p.  79). — ^This  parasite  was  handed  to  Mr.  Howard,  who  has  given  me  the 
foUowlng  concerning  it : 

*'  VHiile  at  first  glance  I  determined  the  Lepiocorisa  egg-parasite  for  you  as  a  species 
of  Teteuamm»,  a  more  careful  subsequent  study,  and  a  comparison  with  a  number  of 
Mjiyi's  types  of  this  genus,  show  that  it  belongs  rather  to  the  allied  genus  ffadronotua 
of  Foerster.  The  great  majority  of  the  species  of  the  subfamily  Scelioniuie,  to  which 
ibeae  two  genera  belong,  are  egg-parasites.  This  species  may  be  described  as  fol- 
lows : 

''HaDRONOTUB  LEPTOCORISiB  n.  sp. 

**J^emale. — Length,  1.4'"" ;  expanse,  2.5"™.  Head  and  face  evenly  covered  with  small 
roond  punctures,  except  in  the  facial  impression,  which  is  transversely  striate;  anten- 
B»  aalMBlavate;  lateral  ocelli  nearly  touching  the  margins  of  the  eyes.  Mesonotura  a 
trifle  smoother  than  the  head  and  furnished  with  a  very  fine  'white  pubescence. 
Fiivt  segment  of  the  abdomen  dorsally  longitudinally  striate;  remaining  segments 
elofl^ly  covered  with  fine  round  punctures ;  ventral  surface  sparsely  punctate.  Color, 
black ;  scape,  brown ;  all  cox»,  black ;  all^rochanters,  femora,  tibisB,  and  tarsi,  light 
brown ;  mandibles  and  wing-veins,  light  brown. 

**  Maie, — ^Length,  1.3"" ;  expanse  2.b°*".  Antenuse  filiform.  In  other  characters  re- 
sembling the  $ .'' 

"  Described  from  many  ^  and  $  specimens,  bred  from  the  eggs  of  Leptocoriaa  iipti- 
luiifei,  at  descent  City,  FUi.,  by  H.  Q.  Hubbard." 

Nans  4  (p.  80). — These  bngs  belong  to  the  genus  Bhinacloaf  but  the  species  is  un- 
determined. 

KOTK  5  (p  81). — ^This  species  is  so  far  undetermined.  It  is  a  beautiful  and  well- 
marked  species,  the  prevailing  color  being  brown.  The  mesoscutnm  has  two  yellow 
stripes  converging  posteriorly,  the  mesoscutellum  is  entirely  yellow,  the  metascutel- 
Inm  is  marked  with  yellowish,  and  the  abdomen  has  yellow  rings. 

Just  as  these  notes  are  going  to  press,  I  am  able  to  add  the  following  concerning 
this  species,  received  from  Mr.  Cresson : 

**  The  specimen  arrived  minus  its  abdomen,  but  judging  from  what  is  left  it  seems 
to  belong  to  the  genus  Hem%tele$.   I  have  looked  over  the  material  belonging  to  that 
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genns  in  the  society's  collection,  and  do  not  find  anything  there  agreeing  with  your 
specimen.  I  do  not  think  it  has  heen  described,  but  as  I  have  never  worked  np  tfa« 
genus,  I  cannot  say  definitely  that  it  is  new." 

Notes  6,  7,  8,  9,  and  10  (pp.  83  and  84). — ^These  mites  were  mounted  in  balsam  for 
subsequent  study  by  I^rofessor  Riley,  with  a  view  of  possible  determination.  He  has 
kindly  examined  them  and  furnished  the  following  notes  and  descriptions : 

''The  so-called  'Hairy  Orange  Mite'  (Note  6)  is  one  of  the  'Harvest-mites'  belong- 
ing to  the  section  Evpodidce  and  comes  nearer  to  Penthalodea  Murray  than  to  any  other 
defined  genus,  having  6-Jointed  legs  of  about  equal  length.  It  may  be  described  u 
follows : 

"Pbnthalodes  MYTILA8PIDI8  u.  sp.  Avcra^^e  length,  0.3"".  Broadly  oval;  ab- 
domen tapering  to  a  point.  Color  dark  red,  with  pale  hairs.  Head  distinctly  sep- 
arated, narrow,  elongate,  conical.  Mandibles  scissor-like,  projecting.  Palpi  inserted 
at  apex  of  cephalothorax,  close  to  the  head,  stout,  4-jointed,  the  first  joint  stoutest, 
first  and  second  of  about  equal  length,  third  shortest,  the  fourtii  ending  in  a  stoat, 
curved  claw  at  the  base  of  which  an  elongate  oval  thumb  is  inserted.  Eyes  barely 
discernible  near  the  side  of  the  cephalothorax  between  the  first  and  second  pairs  ii 
legs.  Cephalothorax  rounded  in  front,  merging  posteriorly  into  the  abdomen,  so  as  to 
leave  no  distinct  division  except  in  shrunken  specimens.  Surrounded  by  ratner  long 
•  and  stout  bristles,  about  8  on  each  side,  and  with  two  rows  of  similar  bristles  dor- 
sally.  Legs  about  equal  in  length,  the  first  pair  very  slightly  longest ;  third  joint 
longest.    Claws  3,  much  curved  at  tip,  the  middle  one  curved  upwards. 

"  Of  the  'Spear-head  Mite'  (note  7)  the  mounted  specimens  are  unfit  for  study  and 
no  determination  can  be  made  of  them. 

" The  so-called  '  Spotted  Mite '  (note  8)  is  also  represented  by  snob  poor  speoimens 
from  the  Orange  Coccidie  that  they  conld  not  be  used  for  determination,  but  I  have 
obtained  a  closely-related  species  from  twigs  containing  the  eggs  of  Cicada  ieptemdedm^ 
and  have  thus  been  able  to  make  out  its  characters.  It  belongs  to  the  Beetle-mites  or 
OribatidsB,  and  the  one-clawed  section ;  but  it  cannot  strictly  be  placed  in  any  defined 
genns.  As  I  would  not  oare  to  erect  a  new  genus  in  these  fragmentary  notes,  the 
apecies  may  be  described  under  the  genus  'Hemtanaia,  to  which  it  approaches  nearest 
structurally,  though  bearing  no  great  resemblance  to  the  commoner  species  of  that 
genns. 

"Hermannia  (!)  TKiNEBULOSA  n.  sp.— Length,  0.38™"*.  Color  whitish,  pellucid. 
Pyri form, surface  ap^iarently  smooth  and  polished;  three  dusky  abdominal  patehes, 
one  lar^e  and  central,  and  one  at  each  lower  side  with  a  central,  elongate-ovoid  cor- 
neous plate ;  two  dorsal  rows  of  rather  long  liairH,  with  a  few  others  at  sides,  a  rather 
stouter  one  on  each  shoulder,  and  three  aual  pairs,  the  intermediate  or  second  pair 
longest — all  very  minutely  barbed.  Cephalothorax  broadly  conical,  bluntlv  rounded 
in  ^ont,  separated  from  the  body  by  a  distinct  transverse  suture;  on  each  side  towards 
the  base  is  a  conspicuous,  strongly  clavate  bristle.  Palpi  6-jointed^  the  2nd  joint  as 
long  as  the  others  together.  All  legs  of  about  equal  length,  6-jointea ;  terminal  joint 
longest,  tapering  quite  suddenly  from  about  the  middle  to  the  end,  especially  in  the 
posterior  pair  of  legs.  Claw  simple,  large,  and  strongly  curved.  All  legs  sparsely 
beset  with  rather  long,  simple  bristles,  which  are  most  numerous  on  the  terminal 
joint. 

"  Of  figs.  39  and  40  (notes  9  and  10)  the  slides  are  not  to  be  found,  but,  judging  from 
the  figures,  the  former  is  a  TyroglyphuSy  the  species  of  which  are  very  commonly  fennd 
preying  on  animal  matter,  and  the  latter  a  SeJuSf  one  of  the  Gamasid  genera.  I  should 
not  care  to  describe  them  by  name  without  study  of  the  specimens." 

Note  11  (p.  98).— Prof.  H.  W.  Wiley,  chemist,  U.  S.  Department  of  Agricnltore, 
gives  the  following  reactions  of  sulphur  upon  lime,  treated  with  boiling  water. 

"  Depending  on  the  proportion  of  sulphur  used,  the  products  may  be  considered 

follows : 

3  CaO  -I-  Sf=2  CaS8+  CaSaOs 

Calcium  disulphide  -|-  Ca/oium  tkioaulpkaU 

"Or,  with  a  greater  amount  of  sulphur, 

3  CaO  -I-  Sn=2  CaSs  -f-CaSgOa 
Calcium  peniasulphide -^  Calcium  ihiotulpkate, 

"  In  fact,  probably  both  reactions  go  on  at  once,  and  even  more  oompllcated  ones. 
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'*Tbe  reaction  of  lime  in  the  act  of  slaking  on  snlpbar  would  probably  be  small, 
owini^  to  the  short  time  dnring  which  the  heat  wonld  continue." 

Note  12  (p.  153.) — ^The  specimens  of  this  parasite  were  turned  over  to  Mr.  Howard, 
who  has  given  me  the  following  description  : 

''MiOTBOPIS  PLATTNOTiB  n.  sp. 

^^FemdU. — Iiength,  1.65™"*;  expanse,  3.0"*".  Head  broader  than  thorax;  Tertex 
broad;  ocelli  very  close  together ;  scape  reaching  almost  to  vertex.  Pro  and  meso  scutum 
somewhat  ra^^oee ;  mesoscutellum  nearly  smooth ;  metathoracio  carina  well  marked. 
Hind  COXA  with  an  external  longitudinal  groove.  Abdomen  moderately  long  oval, 
flattened.  Color  uniform  honey-yellow  (in  dry  specimens;  Mr.  Hubbard,  in  his  gene- 
ral description,  says :  ''  Honey  yeiiow ;  head,  lemon-yellow '') ;  eyes  and  ocelli,  dark 
red ;  tip  of  scape,  dorsal  surface  of  pedicel,  and  all  of  flagellum,  dusky ;  two  large 
occipital  dark  spots,  sometimes  confluent ;  abdomen  biownish  at  lateral  border  and 
with  a  brownish  central  spot  varying  in  size ;  legs,  light  honey-yellow. 

"  Jfale. — Slightly  smaller  than  female ;  abdomen  widening  from  base  to  near  ex- 
tremity. Face  with  two  conversing  black  streaks  from  insertion  of  antenuffi  io  mid- 
dle ocellus;  hind  tibiffi  with  a  distinct  dusky  tinge  near  extremity ;  abdomen  more 
diatinctly  edged  with  brown  and  with  a  central  translucent  spot. 

"  Described  from  5^ ,  1 9  ;  bred  from  larva  of  Plaiynoia  roafrana,  at  Crescent  City, 
Fla.,  in  September,  by  H.  O.  Hubbard. 

'*  This  species  will  probably  ultimately  form  a  new  genus,  as  in  the  structure  of  the 
thorax  at  least  it  differs  from  the  descriptions  of  Mioirqpis*  It  is,  however,  more 
nearly  related  to  this  genus  than  to  any  other  Elachistid  genus,  and  I  therefore  place 
it  here  temporarily. " 

NoTX  13  (p.  153). — ^This  species  was  also  referred  to  Mr.  Howard,  who  describes  it  as 
follows : 

"GONIOacbs  HUBBARDI  U.  Sp. 

^^Famale. — Length,  2.4™" ;  expanse,  4.4"".  Face  and  notum  very  sparsely  punctured 
and  furnished  with  fine  white  pile ;  also  delicately  shagreened  in  addition  to  the 
round  punctures.  Abdomen  very  smooth  and  shining  and  ovate-acuminate  in  form ; 
somewhat  pilose,  especially  towards  tip.  Wings  clear ;  stigma  brown,  with  a  hya- 
line spot  at  its  center ;  stigmal  cell  nearly  complete.  Color  black ;  all  legs,  includ- 
iofip  ooxjD,  honey-yellow ;  mouth-parts  and  antennse  honey-yellow. 

"  Described  from  1 9  specimen,  bred  in  October,  from  the  larva  of  Plaiynota  roBtranaf 
at  Crescent  City,  Fla.,  by  H.  G.  Hubbard,  for  whom  I  have  named  the  species.'^ 

Note  14  (p.  154). — This  is  evidently  a  dark  form  of  Caocscia  obsoletana  Walk,  which 
Professor  Riley  has  bred  from  oak,  but  it  doubtless  has  several  food-plants,  as  it  is 
allied  to  the  wide-spread  and  polyphagio  CaetBcia  rosaoeana  Harr.,  which  feeds  on  rose, 
apple,  peach,  cherry,  yellow  birch,  plum,  cotton,  clover,  honeysuckle,  bean,  straw* 
berry,  Kegtmdo  aoeroideSf  Cornua  siolanifera  and  CratceguB  spp. 

NoTB  15  (p.  178). — ^The  single  specimen  of  this  species  preserved  is  badly  damaged 
and  minus  all  the  head  parts.  It  appears  to  be  a  BlattobaaiB,  like  the  species  which 
immediately  precedes  it. 

KbTE  16  (p.  lo6). — ^This  parasite  was  referred  to  Mr.  Howard,  who  has  given  mo  the 
following : 

''  PaCHTNEURON  AMTHOMnJE  U.  Sp. 

**Femate, — Length,  1.4'»" ;  expanse,  2.6"" ;  greatest  width  of  fore  wins  0.56"". 
Heaid,  face,  and  tnorax  delicately  shagreened;  antennie  inserted  at  the  middle  of  the 
face ;  scape  reaching  to  the  first  ocellus ;  club  flattened,  oval.  Petiole  of  the  abdomen 
slightly  punctured.  Abdomen  flattened,  oval.  Subo  jstal  vein  of  fore  wing  with  seven 
strong  forward-directed  bristles.  Mesoscutellum  not  especially  pronunent.  Bear 
coxflD  with  four  or  five  bristles  above  at  tip.  Color,  very  dark  metallic  sreen ;  scape 
of  antenna  honey-yellow ;  pedicel  dark  above,  yellow  below ;  flagellum  Tight  brown; 
all  legs  honey-yellow ;  front  and  middle  cox»  brownish  above,  verging  upon  metallio 
green  at  base;  hind  coxie  metallic  green ;  all  femora  brownish  in  the  middle,  honey- 
.  yellow  at  either  extremity ;  wing  veins  dark  brown. 

Jbfa/e. —Length,  1.1"";  expanse,  2.5"".  Antennie  slenderer  than  in  the  9  &x^d 
markedly  pilose.  Abdomen  flattened,  spatulate  in  form.  Color,  metallio  green, 
lighter  and  more  brilliant  than  in  the  female ;  legs  of  a  brighter,  nearly  lepion,  yel- 
low ;  femora  without  the  brownish  central  band. 
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PLATE  Vin. 

OBANOK  BUST. 

(After  Habbard.) 
PLATE  IX. 

KATYDIDS  ON  OBAHOK. 

(After  Comstock.) 


Fig.  1.-  MieroMfUrumxitinerve:  l.adolt;  HeggB; 
16,  yonng,  natural  sise. 


Fio.  2.  Bupdmiu  miraJnUt:  2,  female;  2a,iBa]i, 
enlarjced ;  26,  eggs  of  katydid  from  vUeh 
E.  nUrabiUt  has  emerged,  natond  dM 


PLATE  X. 


Fio.  1.  PapUio  er$9phonte§,  adult. 

Fio.  2.  PitpUio  ereitphante$,  full-grown  larva,  nat- 
ural size. 

Fio.  3.  Papilio  eretphontei^  heUd  of  ftill-grown 
•  larva  with  horns  extended,  from  the 
side,  natural  size. 


ORAKOB  DOG. 

(Original.) 

Fig.  4.  PapiUo  eresphontet,  head  of  fliU-gromi 
larva  with  horns  extended,  ftom  tin 
front,  natural  size. 

Fio.  6.  PapUio  crMp&onteff,  chrysslis  suipesded 
on  twig,  natural  size. 


PLATE  XI. 


X1BCBLLAXB0U8  OBAKOB  IKBBCT8. 


(Original.) 


Fig.  1.  Papilio  eruphonUtt  twig  of  orange,  show- 
hag  eggs  and  yonng  larva,  natural  size. 

Fio.  2.  PapiUoere<pAon(M,  larva, one-third  grown, 
natural  size. 


Fig.  3.  Empretia  ttimuUa,  full-grown  larva,  nat- 
ural size. 

Fig.  4.  Dytdemu  tuturdhUt  enlarged  one-tiiird. 

Fig.  5.  Thrips  iriUei  on  Orange  blossoms,  natnnl 
size. 


PLATE  XII. 


BAG-WOBMS  AND  FARA8ITB8. 


Fio.  1.  ThyridopUryx  ephemerofformit :  a,  larva ; 
b,  pupa  of  male ;  e,  adult  female ;  d,  adult 
male ;  «,  sack  of  female  cut  open,  show- 
ing pupa-case  and  eggs ;  /,  larva  carry- 
ing case ;  g.  sacks  of  young,  natural  size. 
(After  Riley.) 

Fig.  2.  Young  Bag- worms  (Oiketieut),  forming 
their  sacks,  a  to  «;  /,  sack  of  young 
completed,  enlarged.    (Original.) 


Fig.  S.  Hemitdu  thyridopterigit :  a^  male;  (,  fe- 
male; e,  sack  of  bsg-worm  cut  opra, 
showing  cocoons  of  parasite,  natural 
size.    (After  Riley.) 

Fig.  4.  Pimpla  eonquititor,  slightly  enlargsd. 
(After  Comstock.) 

Fig.  5.  Chryptut  inquititor.    (After  Riley.) 


PLATE  XIII. 

MIBCELLAMBOUS  OKAKGX  IK8BCT8. 

(Original.) 


Fie.  1.  Afueglii  demiuaUs^  web-tanglo  of  the 
caterpillars  and  spider,  natural  size :  a, 
larva;  b,  moth,  slightly  enlarged. 


Fig.  2.  Aphis  of  the  Orange:  a,  wingless  femsle; 
b,  winged  female;  e,  parasitized  femsls, 
greatly  enlarged ;  d,  colony  on  lea^  all 
parasitized,  slightly  enlarged. 

Fig.  3.  Triory*  tettaeeipei,  greatly  enlarged. 


PLATE  XIV. 

UISCBLLAXBOUB  OBANGB  DfSXCiB. 

(Originsl.) 


Fig.  1.  Hypothenemua  gruditut,  enlarged. 

Fig.  2.  Loptottylutbiuttiu:  a,  beetle,  enlarged;  5, 

work  and  cocoon  cell,  natural  size. 
Fig.  3.  ffyperplatys  maculatus^  enlarged. 
Fig.  4.  Midat  clavotiM,  natural  size.    (Re-drawn 

from  Harris.) 


Fig.  6.  C!srpopAi{ii«  muUIodts,  enlarged. 

Fig.  6.  Epwrcta  obmHvo^  enlarged. 

Fig.  7.  Pomace-fly  of  the  Orange:  a,  adult  fly;  V, 

larva ;  e,  puparium,  all  enlarged. 
Fio.  8.  OhrytoboUviit  dkryjoslia,  Milarged. 
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EXPLANATION  TO   PLATES. 


PLATE  VIII. 

OBAKOB  BUST. 

(After  Hobbard.) 
PLATE  IX. 

KATTDIDB  ON  OBANOB. 

(After  Comstook.) 


Fis.  1.-  Mieroc§rUtumx9tuMrve:  ],adalt;  lOteggB; 
16,  yonxig,  nataral  sixe. 


Fio.  2.  Eupdfnui  mirabtUti  2,  fBmale;  2atin«]i, 
enlanced ;  25,  eggs  of  katydid  from  vUdi 
E.  ftUrdbiU*  has  emerged,  aatiinl  die. 


PLATE  X. 


Fio.  1.  Papilio  crttphonteM,  adult. 

Fio.  2.  PapQio  eretphontM,  fnU-growii  larva,  nat- 

nral  size. 
Fio.  8.  Papilio  eretphontst,  hebd  of  fall-grown 
*         larva  with  homa  extended,  from  the 

aide,  natural  aise. 


OSAXOB  DOO. 

(Original.) 

Fio.  4.  Papilio  eretphontst^  head  of  ftiU-gromi 
larva  with  horns  extended,  from  the 
front,  natural  size. 

Fio.  6.  Papilio  erMpJkontot,  chrysalis  snipcBded 
on  twig,  natural  aixe. 


PLATE  XI. 

XIBCBLLA2(BOU8  OBAXOB  IHBBCTB. 

(Original.) 


Fio.  1.  PapiUo  eruphonU9,  twig  of  orange,  show- 
ing eggs  and  yonng  larva,  natural  size. 

Fio.  2.  Papi{<oere<pAonf«t,  larva, one-third  grown, 
natund  size. 


Fio.  8.  Empntia  9t\'m.uUa^  full-grown  larva,  nat- 
ural aize. 

Fio.  4.  Dyadereut  autureUus,  enlarged  one-third. 

Fig.  5.  Thrips  trUiei  on  Orange  bloesoma,  natonl 
size. 


PLATE  XIL 


BAO-WOBMB  AND  PABABITBB. 


Fio.  1.  ThyridopUryx  epKemera/ormii :  a,  larva ; 
6,  pupa  of  male ;  e,  adult  female ;  d,  adult 
male ;  «,  sack  of  female  cut  open,  show- 
ing pupa-case  and  eggs ;  /,  larva  carry- 
ing case ;  g,  sacks  of  young,  natural  size. 
(After  Biley.) 

Fio.  2.  Young  Bag- worms  (Oiketieut),  forming 
their  sacks,  a  to  «;  /  sack  of  young 
completed,  enlarged.    (Original.) 


Fio.  3.  HsmiteUa  thyridopUrigii :  o^  male;  (,  fe- 
male; c,  sack  of  bag- worm  cot  opsQ, 
showing  cocoons  of  parasite,  natonl 
size.    (After  Riley.) 

Fio.  4.  Pimpla  eonquititor,  slightly  enlarged. 
(After  Comstock.) 

Fio.  5.  OrypiuM  inquititor.    (After  Biley.) 


PLATE  XIIL 


MI8CELLAMB0US  OKANOB  INSECTS. 


Fio.  1.  AfuegUi   dmiiuaUi,   web-tangle  of 

caterpillars  and  spider,  natural  size :  a, 
larva;  b,  moth,  slightly  enlarged. 


(Original.) 
tbe 


Fio.  2.  Aphis  of  the  Orange:  a,  wingless  femals! 
b,  winged  female;  e,  parasitized  femsls, 
greatly  enlarged ;  d,  colony  on  leaf^  all 
parasitized,  slightly  enlarged. 

Fio.  3.  Trioaeyi  Uttaeoipei,  greatly  enlarged. 


PLATE  XIV. 


MI8CBLLANB0UB  OBANGB  XN8BCTS. 


Fio.  1.  MypotKenemut  erudOiut,  enlarged. 

Fio.  2.  L^tottyhitbiuttus:  a,  beetle,  enlarged;  b, 

work  and  cocoon  cell,  natural  siae. 
Fio.  3.  Hyperplatyt  nuteulatus,  enlarged. 
Fio.  4.  IfidM  davatut,  natural  size.    (Re-drawn 

fh>m  Harris.) 


(Original.) 

Fio.  6.  ClarpopAtka  mulilatitf,  enlarged. 

Fio.  6.  EpurcBa  <Bf«va,  enlarged. 

Fio.  7.  Pomace-fly  of  the  Orange:  a,  adult  fly;  &, 

larva ;  c,  puparium,  all  enlarged. 
Fio.  8.  OhrysobotkritckryaotkitVilargiA. 
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th,160L 
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medy  for  Bnst-mite,  120. 

.  H..  quoted,  44, 133. 

iin]itil,28L38L 

tii,34. 

Boa,  28,  34^48, 88. 

Brii,86. 


Baooliab«biatokl83. 
oognata,  184. 

logenB,  184.  « 

Bag*worm8, 144. 

Coition  of,  213. 
Common  Bag-irorm,  144. 
Cylindrical  Bog-worm,  148. 
Korthem  Bog-worm,  147. 
Orange  Baaket-worm,  148. 
Unnamed  speoiea  oi;  149. 
Bark-cleanera,  193. 
Bark-fnngu8,  2. 
Bark-lice  («m  Scale-inaeota). 
Barnacle  Scale,  59. 

Adolt  female,  59. 
Development,  00. 
Egg.  00. 

Food-planta,  OL 
Geographical  diatribatkm,  01. 
Yonng  larva,  00. 
Baaket-worm  {§ee  Bag- worm). 
Beneficial  inaeota,  general  habita  of;  0. 
Birds  transporting  Scale-inaeota,  43. 
Biaolphide  of  carbon  a*  a  remedy  for  ante,  180. 

for  Scale-inaeota,  99. 
White-ants,  124. 
Table  of  experiments  with, 
209. 
Black  Soale  of  Callfomia,  53. 

Adolt  female,  58. 
Devdopment,  61 
Eggs,  64. 
Pood-planta,  64. 
Ckographioal  diatribation,  54. 
Vatoral  enemies,  66. 
Yonng  larva,  64. 
Blastobaaia  oitrioolella,  17& 

8p.,218. 
Blood-red  Lady-bird,  73. 

Habita,  7.1. 
Larva,  73. 
Papa,  73. 
Braohys  ovata,  132. 

Braoonida  bred  from  cells  of  Eomenea,  188. 
Broad  Scale,  48. 
CacGBCiarosaceona,  217. 
Calotermes  oastaneoa,  125. 
Camei-crioketa,  188. , 

Food,  188. 
Hkbits,  189. 
Capnodinm  oitri,  4,  60,  02,  03. 
Carbolic  acid  as  a  remedy  for  Boat-mite,  118. 

Scale-inaecta,  97. 
Table  of  experimenta  with,  200. 
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Inseotioldes,  Apparatus  for  applying,  100, 101. 
Application  of  liqnid,  100. 
Cmition  in  applying,  120. 
Bxperimenta  with,  100. 
Inaect-fiftana  of  the  Orange,  Summary  of,  6. 
Beneficial  inaects,  6. 
Distinguishing  friends  ftom  foes,  7. 
Ii^jnrious  insects,  6. 
•     Innoxious  insects,  7. 
Insects  affecting  the  blossoms,  104. 

fhiit,105. 

root  and  crown,  121. 
trunk  and  branches,  126. 
twigs  Mid  leaves,  132. 
feeding  upon  dead  wood  and  bark,  170. 

decaying  f^uit,  175. 
found  in  dry  fruit,  178. 

wounds  and  foot-rot  sores,  175. 
Predatory,  80. 
preying  upon  Aphis,  180. 

Barklioe,  60. 
Katydid,  Protective  resemblance  of,  5. 

The  Angular- winged,  134. 
Kermes,  14. 

Kerosene  as  a  remedy  for  Rust-mite,  118. 

Scale-insects,  02. 
White  ants,  124. 
Kerosene  emulsion.  Best  season  for  applying,  iK». 

Effect  ot  upon  the  Orange,  94. 
Formula  for  improved,  94. 
Mode  of  applying,  100, 101. 

preparing,  93. 
Precautions  in  the  use,  04. 
Table  of  experiments  with, 
109. 
lAoe- wings,  7, 69. 

Eggs,  81. 
Habits,  80. 
Imago,  80. 
Larva,  80. 
Life-history,  80. 
Pupa,  80. 
Parasite,  80. 
Lady-birds,  7. 

preying  upon  Aphis,  180. 

Scale-insects,  60, 71.* 
transporting  Scale-insects,  43. 
L»mophl<Bus,  175. 
Lagoa  opercularis,  140. 
Cocoon,  140. 
Larva,  140. 
Life-history,  141. 
Moth,  141. 
Parasites,  141. 
Laphygma  frugiperda,  150. 
Chrysalis,  161. 
Egg,  150. 
Larva,  161. 
Moth,  151. 
Larger  Leaf-rolkr,  164, 217. 
Lathridius.  175. 
Leaf-eating  ant,  182. 
Leaf-footed  bug,  168. 

Attacking  the  Orange,  160. 
Characteristics,  168. 
Eggs,  168. 


Leaf-footed  bug. 

Habits,  169. 

Normal  food-plants,  169. 
Prevention,  160. 
Leaf-rollers  injurious  to  the  Orange,  15L 
General  characteristics,  151. 
Life-history,  151. 
LecaninsB,  a  subfamily  of  CoccidA,  14. 
Extent  of  injuries,  61. 
General  characteristics,  48. 
Life-history,  48. 
Lecanium  hemisphsericum,  55. 
hesperidum,  14,48,78. 
oleaB,  53, 61. 
UUa»,  218. 
Lepidoptera  ii^urious  to  the  Orange,  137. 

preying  upon  Scale-insecti,  78. 
Leptocorisa  tipuloides,  78, 191, 215. 
Leptoglossus  phyllopus,  164, 168. 
Leptomastix  dactylopti,  66. 
Leptostylus  biustns,  174. 
BeeUe,  174. 
Larva,  174. 
Limacodes  soapha,  140, 143. 
,  Cocoon,  144. 

Larva,  143. 
Lime  as  a  remedy  for  Rust-mite,  120. 
Liquid  insecticides.  100. 

Fineness  and  force  of  spray,  100. 
Means  of  applying,  103. 
Proper  seasons  for  applying,  102. 
Several  applications  necessary,  101. 
Locusts  injuring  the  Orange,  135. 
Long  Scale,  14, 42, 75, 77.  ^ 

Brood  periods,  22. 
Eggs,  21. 

Female  insect,  20. 
Geographical  distribution,  24. 
Growth  of  the  Scale,  19. 
Introduction  into  Florida,  25^  86. 
Life-history,  21. 
Parasites,  23. 
Scale  of  female,  90. 

male,  20. 
Winged  male,  20. 
Young  larva,  21. 
Lubber  Grasshopper,  185. 

Absence  of  enemies,  136. 
Life-history,  135. 
Remedies,  136. 
Wandering  habils,  135. 
Lye  Solutions,  Table  of  experiments  with,  2< 
Manna  produced  by  a  Scale-inseot,  13.  - 
Mantis  Carolina,  189. 

CharacterisUcs,  189. 
Egg-mass,  190. 
missouriensis,  190. 
Characteristics,  190. 
Egg-mass,  191. 
Food,  191. 
Mealy-bog,  2,4,14,79. 

at  Orange  Lake,  Florida,  197. 
The  Common,  63, 86. 
Destructive,  64. 
Mealy-bugs  Food-plants,  63. 

General  characteristics,  63. 
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,  Habits,  83. 
femontas,  182, 193. 
tflnninalia,  183, 192. 
nit  Wonn,  180. 
nnntinerre^  134. 
r  pttnslto  of  the  Bag-wemi,  147. 
Aim,  176. 

la^ynote,  153,  217. 
Bg  vpon  ScalD-inaoeto,  60,81. 
Tcr's,  82. 
bits,  82. 

ixy  Orange,  88;  218L 
^orteace,  81. 
iloiilar,  85). 
LaoglTphna,  84. 
•r-head.  83,218. 
tted,  84,218. 
leteimlned,  8I,218L 
B  eazbofiwliim,  182. 
sitiioola,  26^88;  43;  78w 
{loTeril,  14,19,43,75^77,88. 
^omonmi,  15. 
M  (Mt  LeoaainB). 
B  for  antSk  130. 

preying  upon  Soale-isMots,  80. 
ig-worm,  147.  * 
ifollella,  154. 
iTonu,  85b 
lMMaIiB,188. 
lira,  133. 
bbotfU  144. 

>t»  as  a  remedy  for  Scale-lnaeets,  07. 
TaUe  of  experiments  with,  208. 
iognlatns,  128. 
nllonica,  170. 
ii^l57. 

Birth  of  the  yonng,  158. 
Desoriptire,  157. 
Enemies,  180. 

Inflnenoe  of  oUmate  on  deretopnient 
158.  ' 

Injuries,  150. 
Natoral  history,  157.    * 
PaAsite,  ]58. 
Remedy,  160. 
ket-worm,  148. 

preying  npon  Scale-inseets,  60. 
B-bcaring  Tineid,  108. 
»aspiB,40. 

Abundant  in  Louisiana^  40. 
Scale  of  female,  40. 

male,  40. 
^  5.157. 

DejcriptlTe^  187. 
Food-plants,  188. 
life-history,  188. 
Parasites,  130.         * 
ProtectiTe  resemUsaos^  8b 
Bemediet,  130. 
og  Tineid,  178. 
^headed  Borer,  171. 
f-noteher,  188. 
Kothris,  154. 
es,  61. 
ens,  104. 
ryw.  171. 


Orange  Thxfps^  164. 

Beneficial  rather  than  ii^orions 

186. 
Ij^nry  done  to  the  blossoms,  185. 
Bemedies,  105. 
tree,  enfeebled  condition  of;  fosters  Bcale- 
insects,  45. 
How  affected  by  8oale>lnseots,  45. 
Organic  disesses,!. 
Systems  of  onltiTatlmi,  8. 
Web  worm,  155. 

PeflcriptiTe,156L 

Earlier  states,  158L 

Number  of  broods,  167. 

Other  insects  associated  with  it, 

155,158. 
Protective  resemblance,  15& 
Bemedies,  157. 
The  web,  156^ 
Organio  diseaneH  of  the  Orange,  L 
Bark-f  ongos,  L 
Die-back,  1. 
Dropping  of  fhiit,  6. 
Poot-rot,  8. 
Smnt,  3. 

SpUttingoffirait,! 
Oyster-sheU  Bark-loose,  15,  85w 

Mode  of  growth,  16. 
Pachnsns  opalns,  133. 
Pachyneanm  altiscnta,  218. 
anthomyis,  218L 
aphidis,  3ia 
Pale  Dakroma,  77. 

Palmetto  bmshes  for  scrabbing  the  trees,  00. 
Papilio  cresphontes,  137. 
Parasites,  Greneral  importance  oi;  7. 
Parlatoria  pergandii,  2, 37, 42, 75k  8& 
Penthalodes  mytilospidis,  216. 
Pergvide,  Th.,  Notes  on  Orange  Mites,  84. 
PeriUtns,81,  215. 
Phobetrom  pithecinm9l40, 142. 
Cocoon,  143. 
Larva,  142. 
Moth,  143. 
Pimpla  conqtiisitor,  147. 
inqnisitor,  147. 
PlatoBceticas  gloTcrii,  60, 148. 
Platynota  rostrana,  1S2. 154, 217. 
PoUstes  americimns,  186. 
Habits,  186. 
Nest,  186. 
Polysphinota  albipss,  158. 
Pomaee-fiy  of  the  Orange,  178. 

life-history,  177. 
Potash  as  a  remedy  finr  Bast-mite,  118. 

Scale-inseots,  08L 
Predatory  insects,  180. 

Lepidoptera,  78. 
Wasps,  186. 
Pilonotns  cristatna,  102. 
Pminooe  Aplds-fly,  185. 
Imago,  185. 
Larva,  185. 
Para8it^l88,218. 
Pnpariam,  18&i 
Psoons  oitticola,  104. 
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Pflociu  TenoBiu,  198. 
Biyohe  oonfedentta,  148. 

Unknown  speciea,  148. 
FvIIlleBoal^26,42,75. 
Egg,  28. 
Female,  26. 
Life-hiBtory,  27. 
Male,  26. 

Origin  and  spread,  17. 
Parasitea,  27. 
Soale  of  female,  26. 

male,  28. 
Young  larra,  27. 
Pyretlinim  aa  a  remedy  for  ante,  180. 

Bost^mita,  Hi. 
White  aata,iaL 
Bapadona  Soldier-bag,  101. 
Baphigaater  hiLoris,  168. 168, 164, 100;  181. 
Bed  Bag  («m  Cotton  Stainer). 
Bed  Scale  of  CaUfomia,  32. 

Distribntion,  84. 
Formation  of  Scale,  84 
Scale  of  female,  83. 
male,  88. 
Bad  Soalaof  Florida,  28. 86. 

Development,  28. 
Introdaction,  86. 

Namber  of  annual  generatiODa,  88. 
Origin  and  distribntion,  82. 
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Albert  Williams,  Jr.     1883.    8^.    ii,  8  pp.    Price,  6cea^ 
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United  States,  by  Albert  Williams,  Jr.    1883.    80.    xvii,  813  pp.    Price,  60  cents. 
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Where  not  otherwise  stated,  the  geological  maps  are  in  colors,  and 
the  works  containing  them  are  in  octavo. 

When  a  map  contains  a  part  of  conntries  belonging  to  other  great 
geographical  divisions,  as  adopted  in  this  catalogue,  it  is  always  placed 
in  the  division  embracing  most  of  its  area.  For  instance,  the  ^<  Oarte 
gtologique  des  bords  dn  Lac  Ghamplain,"  embracing  parts  of  Vermont, 
l^ew  York,  and  Canada,  is  pat  in  Kew  England,  because  it  covers  more 
of  Vermont  than  it  does  of  Canada  or  New  York,  but  in  the  index  of 
places  New  York  and  Canada  are  referred  to  as  countries  contained  in 
the  map. 

In  the  chronological  order,  when  no  question  of  priority  is  involved, 
the  maps  of  the  same  year  are  classified  in  the  alphabetical  order  of 
their  authors. 

Amer.  Joum,  Silliman. — The  American  Journal  of  Science  and  Arts. 
New  Haven,  Conn. 

Ann,  Kew  York  Acad.  Sci. — Annals  of  the  New  York  Academy  of 
Science.    New  York. 

Bulk  Boo,  OSoh  France, — Bulletin  de  la  Soci6t6  GMologique  de  France. 
Paris. 

OtoL  8urv.  Canada. — Geological  Survey  of  Canada. 

2d  OeoL  8urv»  Pennsylvania. — Second  Geological  Survey  of  Pennsyl- 
vania. 

Joum.  Acad.  Nat.  Sciences. — Journal  of  the  Academy  of  Natural  Sd- 
ences  of  Philadelphia.    4to.    Philadelphia. 

Joum.  Oeol.  8oc.  London. — The  Quarterly  Journal  of  the  Geological 
Society  of  London. 

Mem.  Mus.  Comp.  Zo&l.  at  Cambridge. — Memoirs  of  the  Museum  of  Com- 
parative Zoology  at  Cambridge,  Mass. 

Proc.  Acad.  Nat.  Sciences. — Proceedings  of  the  Academy  of  Natural 
Sciences  of  Philadelphia. 

Proc.  Amer.  Phil.  Soc. — Proceedings  of  the  American  Philosophical 
Society  held  at  Philadelphia  for  promoting  Usetiil  Knowledge. 

Trans.  Amer.  Phil.  Soc. — Transactions  of  the  American  Philosophical 
Society  held  at  Philadeli)hia  for  promoting  Useful  Knowledge.    4to. 

Trans.  Amer.  Inst.  Mining  Engrs. — Transactions  of  the  American  In- 
stitute of  Mining  Engineers.    Easton,  Pa. 
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Trans.  JUt  and  Hist.  800.  Quebec. — ^TranBactionB  of  the  liteniy  aod 
Hifitorical  Society  of  Qaebec. 

Trans.  North  of  Ungland  Inst.  Mining  JEngrs. — ^IhwnsactionB  of  the 
ITorth  of  England  Institate  of  Mining  and  Mechanical  Engineers.  TSew- 
castle-npon-Tyne. 

U.  S.  OeoL  and  Oeogr.  Surv.  Territories.— JJmb&SL  States  Qeologioal 
and  Geographical  Survey  of  the  Territories.    Washington. 

Zeitsch.  Deut.  Oeol.  ffesalb.— Zeitschiift  der  Deatschen  Geologisohflo 
Gesellschaft.    Berlin. 
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The  late  Uricoechea,  of  Bogota,  when  he  offered  me  a  copy  of  his 
'^  Mapoteca  Colombiana' "  said :  ^'  I  hope  that  the  study  of  this  catalogue 
may  lead  you  to  undertake  another  one  on  the  geological  maps  of  Amer- 
ica. Our  views  on  the  ancient  geography  of  the  world,  discovered  by 
Columbus,  and  on  the  aboriginal  or  Indian  origin  of  the  name  America,* 
are  so  harmonious,  and  geology  being  the  history  of  the  earth,  a  cata- 
logue of  all  the  geological  maps  published  on  America  will  be  an  im- 
portant chapter  in  the  history  of  Columbian  cartography." 

•I  have  now  endeavored  to  fulfill  the  wish  of  my  friend.  Taking  for 
a  model  his  ^^  Mapoteca  Golombiana,"  a  work  which  is  out  of  print  and 
has  become  rare,  I  have  united  in  chronologic  and  geographic  order  all 
the  maps  relating  to  American  geology  known  to  me. 

In  general,  catalogues  of  maps  are  not  numerous.  Those  of  geological 
maps  only  are  very  rare.  I  know  of  only  one  piirporting  to  comprise  the 
maps  of  all  the  world ;  it  is  the  '^  Gtoognostische  Karten  unseres  Jahr- 
Iiunderts."  Zusammengestellt  von  Bernhard  Cotta,  Freiberg  (Saxony), 
1850.  8vo  of  only  60  pages.  The  author,  although  he  has  placed  in  it 
map*8  pertaining  purely  to  physical  geography,  such  as  the  geographical 
distribution  of  volcanoes,  has  only  succeeded  in  enumerating  571  geog- 
noBtieal  maps.  America  is  placed  in  the  last  division  <<  YI.  Ausser-Eu< 
lopa,"  and  its  geological  maps  are  united  with  those  of  Asia,  Africa, 
Australia,  and  Oceania.  All  these  large  geographical  divisions  outside 
of  Europe  have  but  53  numbers,  of  which  30  belong  to  maps  on  the 
geology  of  America ;  and  several  of  the  numbers  indicate  memoirs  with- 
out geological  maps  properly  so  called,  and  some  even  without  any  kind 
of  a  map;  for  instance,  So»  525,  Finch  ^^  Elarte  de  Gegend  von  Boston,'' 
in  Silliman's  Journal  of  Science,  Vol.  YIII,  1824,  which  does  not  exist, 
and  is  merely  an  error  of  the  compiler. 

Besides  the  catalogue  of  Cotta,  the  only  list  of  geological  maps  of 
America  is  the  ^'  list  of  general  geological  maps  relating  to  North  Amer- 
ica'' in  the  "Gteology  of  North  America,"  by  Jules  Marcou,  Chapter  X, 
p.  122.  4to.  Zurich,  1858.  The  author  enumerates  23  general  geological 
maps,  in  chronologic  order^  each  comprising  at  least  two  States.    . 

Two  of  the  geological  surveys  of  the  United  States,  Dr.  Hayden's  and 

>  '*  Mapoteca  Colombiana,  Coleccion  de  los  Titulos  de  Todos  los  Mapas,  Pianos,  Vis- 
taa,  etc.,  relativos  a  la  America  espa&ola,  Brasil  e  Islas  adyacentes/'  8vo.  Londres, 
1860. 

'  "  Origin  of  the  name  America,"  by  Jnles  Marcou.    Atlantic  Monthly,  March,  1875. 
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the  one  directed  by  Captain  Wheeler,  have  given  catalogues  of  publica- 
tions, reports,  and  maps,  in  which  are  lists  of  a  part  of  the  geographical 
maps  published  by  these  surveys.  The  geological  survey  of  Canada  also 
has  published  a  list  of  its  maps. 

For  the  last  forty  years  especially,  geological  maps  on  America  have 
accumulated  in  large  numbers,  thanks  to  the  geological  surveys  insti- 
tuted either  by  the  general  governments  or  by  States  and  Provinces. 
The  United  States,  Canada,  Mexico,  Chili,  and  a  large  number  of 
States  and  Provinces  have  rivaled  each  other  in  this  field  of  science. 
Memoir  after  memoir,  map  after  map,  has  been  produced  to  show  the 
geological  structure  of  countries  which  yesterday  were  unknown,  bat 
to-day  are  marshaled  in  the  scientific  movement  which  carries  forward 
in  its  progress  all  the  nations  of  the  world. 

Geology,  properly  so  called,  dates  only  from  this  century ;  in  the  pre- 
ceding one  a  few  maps,  rather  mineralogical,  than  geological,  appeared. 
Such  are  the  maps  of  L.  Coulon  in  1604 ;  of  Guettard  in  1746 ;  of  Monnet 
on  France  in  1780 ;  of  Guettard  on  Forth  America  in  1752 ;  of  von  Char- 
pentier.the  elder  on  Saxony  in  1778;  of  Becker  on  the  Grand  Duchy  of 
Nassau  in  1778  ;  of  von  Buch  on  Silesia  in  1797 ;  of  Hein  on  the  ThvLr- 
ingen  Waldes  in  1799;  of  Christopher  Packe  on  East  Kent  in  1743; 
of  R.  Frazer  and  J.  Billingsley  on  Devonshire  and  Somerset  in  1794 ; 
of  Maton  on  the  Western  Counties  (England)  in  1797. 

The  first  geological  map  is  due  to  the  abb6  L.  Coulon,  Paris,  1664. 
It  appeared  in  a  little  volume  entitled,  "  Les  Rivieres  de  France,"  a 
very  rare  work,  of  which  but  very  few  copies  exist,  in  the  libraries  of 
Paris.  In  1683  M^artin  Lister  read  a  paper  before  the  Royal  Society  of 
England  entitled,  '^  An  ingenious  proposal  for  a  new  sort  of  maps  of 
countries;  together  with  tables  of  sands  and  clays,  such  as  are  chiefly 
found  in  the  north  part  of  England";  in  Phil.  Trans.,  Vol.  XIV,  p. 
739.  London,  1684.  But  it  was  only  a  project,  which  Lister  did  not 
carry  into  execution.  The  first  geological  map  published  in  England 
is  dated  1 743,  almost  a  century  after  Coulon's  little  geological  map  of 
France ;  its  title  is,  "  A  new  Philosophico-chorographical  chart  of  East 
Kent,  invented  and  delineated  by  Christopher  Packe,  M.  D."  Scale 
rather  more  than  an  inch  and  a  half  to  the  mile,  comprising  a  circle  of 
about  32  miles  around  Canterbury. 

To  the  celebrated  Abraham  Gottlob  Werner  is  due,  in  great  part,  the 
coloring  of  geological  mai)s;*for  before  him  several  older  German  min* 
eralogists  had  used  an  analogous  process.  Werner  greatly  improved 
not  only  the  classification  but  also  the  plan  of  coloring,  and  proposed  a 
method  "of  representing  the  several  formations  in  distinct,  but  sober 
hues,  and  marking  the  superior  rock  by  a  narrow  band  of  deeper  color, 
along  the  lines  of  its  contact  with  the  subjacent  one"  (Dr.  Fitton's 
Notes  on  the  History  of  English  Geology,  London,  1833).  This  method 
of  coloring  was  employed  chiefly  in  Germany,  in  German  Switzerland,  a 
little  in  Scandinavia,  and  in  England;  never  in  France  or  in  America. 
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As  early  as  1810  Cnvier  and  Broogniart,  in  their  celebrated  "  Oarte 
Oeognostiqtte  des  environs  de  Paris^^  used  even  tints  without  a  *<band  of 
ileeper  color  along  the  line  ot  contact." 

William  Maclure,  who,  though  a  pupil  of  Werner,  was  also  well  ac- 
qnaiuted  with  the  French  geological  school,  colored  his  first  geological 
map  of  the  United  States  in  1809  with  even  tints.  Since  lb32  the  Gter- 
mau  school  as  well  as  the  English  has  adopted  even  tints. 

Curiously  enough  the  first  edition  of  his  geological  map  of  the  United 
States  appeared  without  the  name  of  Maclure,  and  is  sometimes  credited 
to  Samuel  G.  Lewis,  the  draftsman  who  compiled  the  geographical  map 
on  which  Maclure  put  his  geological  classification  and  colors.  This 
mistake  and  the  use  of  a  drawing  by  Lewis  were  due  '-to  the  absence 
(from  America)  of  the  author  of  "  Observations  on  the  Geology  oftJte  United 
states,  explanatory  of  a  Geological  Map,"^^  lead  before  the  American  Philo- 
sophical Society  at  Philadelphia  January  20,  1809. 

From  1809  to  1842  all  the  geological  maps  published  on  America  were 
executed  in  a  manner  which  leaves  much  to  be  desired  in  respect  to 
<:oloring,  and  still  more  in  regard  to  the  classification  of  the  rocks.  It 
is  only  after  the  appearance  of  the  "  Geological  Map  of  the  State  of  New 
Tark^  in  1842  that  maps  really  jmssess  great  interest  either  from  the 
Talne  of  their  classifications  or  from  the  mechanical  execution. 

The  same  year  a  geological  map  of  great  importance,  both  on  account 
of  the  difficulties  presented  by  the  region  explored,. the  most  elevated 
of  the  Andes,  and  of  its  central  position  in  South  America,  was  pub- 
lished by  Alcide  d'Orbigny  under  the  title  "  Carte  G^logique  de  la  B^ 
jmblique  de  Bolivia,^'  From  that  time  nearly  all  the  great  geological  and 
paleoutological  horizons  of  the  New  World  were  accepted  as  established, 
though  geologists  hesitated  for  a  few  years  about  the  acceptance  of  the 
existence  of  several  systems  of  stratified  rocks,  and  also  about  the  iden- 
tification of  certain  paleoutological  horizons. 

Between  1842  and  1862  there  appeared  a  great  number  of  geological 
maps  of  regions  limited  either  to  single  countries  or  parts  of  countries, 
or  even  to  a  single  county,  or  a  portion  of  one,  as  well  as  several  attempts 
at  general  maps  of  North  America,  of  South  America,  and  even  of  both 
Americas  together.  However,  all  of  them  have  an  essentially  tem- 
porary character,  and  are  geological  reconnaissances.  Nothing  truly 
studied  in  detail  and  with  care  had  then  appeared.  This  was  owing  to 
several  causes.  First  the  total  absence  of  good  topographical  maps, 
and  often  even  the  absence  of  any  kind  of  a  map,  geologists  being  obliged 
to  make  them  themselves,  in  order  to  draw  and  color  the  systems  of 
rocks.  Then  the  vast  surfaces  to  be  studied,  the  great  distances  to  be 
traversed  before  reaching  the  ground  to  be  explored,  the  difficult  and 
primitive  modes  of  transportation  before  the  construction  of  lines  of 
railroads,  the  wilderness  and  the  deserts  of  most  central. continental  re- 
gions, and  finally  the  unhealtby  climate  of  the  tropics  and  the  banks 
of  the  great  rivers.    All  these  obstacles  have  conspired  to  render 
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researches  difficult,  and  to  give  th^m  the  character  of  simple  geological 
reconnaissances.  In  new  coantries,  the  first  thing  is  to  obtain  a  sketch 
approximating  to  the  truth,  and  afterwards  to  proceed  to  detailed 
studies. 

It  was  during  this  period,  from  1842  to  18G2,  that  the  system  of  col- 
oring geological  maps  underwent  a  complete  change.  Till  then  every- 
thing was  done  by  hand,  and  seldom  with  care.  Maps  were  colored 
rapidly,  and  tints  varied  not  only  from  one  copy  to  another,  but  also  on 
the  same  map,  some  parts  being  a  shade  lighter  or  darker  than  others; 
besides,  traces  left  by  the  brushes  added  to  the  imperfection  of  the  work. 
Finally,  the  overlapping  of  one  color  on  another  at  the  limits  of  the  dif- 
ferent systems  delineated  on  the  map  often  took  such  alarming  pro- 
portions that  it  was  impossible  to  tell  to  what  formation  considerable 
belts  of  country  were  referred.  It  was  only  by  the  skill  derived  from 
practice  that  the  defects  of  hand-coloring  were  much  diminished.  It 
may  be  said  that  the  geological  survey  of  the  United  Kingdom  of  Great 
Britain  and  Ireland  attained  the  highest  possibilities  of  the  method  by 
forming  a  special  corps  of  colorists  who  did  nothing  else  for  years,  an 
by  being  very  strict  in  the  acceptance  of  the  colored  sheets,  every  on 
that  had  an  apparent  defect  being  invariably  rejected. 

As  early  as  1841  attempts  at  colored  printing  had  been  tried  by  Majo 
Le  Blanc,  chief  of  the  office  of  topographical  engineers  at  Paris.    Thi 
was  his  method :  He  used  a  sheet  of  tin-foil  similar  to  that  employ 
in  the  manufacture  of  looking-glasses,  on  which  he  fixed  a  proof  of  th 
map  or  geological  section  which  he  wished  to  reproduce.    They 
then  cut  out  simultaneously,  which  gave  a  tin  pattern  of  the  formation.^ 
Ihen  the  color  was  placed  on  it  by  means  of  brushes  prepared  for  th 
^^ucidonique"  method  of  painting,  and  the  maps  were  printed  under 
press.    This  method  from  the  first  secured  promptness,  exactness,  an 
cheapness  of  coloring. 

The  first  sheet  colored  by  this  system- of  *'ponci8  d^coup^s,''  wi 
mechanical  impressions,  represents  ^^ Coupes  g6ologiques  et  topographigv 
ies  environs  de  Faris,^  made  for  the  use  of  the  military  engineers,  iu  thes 
location  of  the  fortifications  of  Paris,  created  under  Louis  Philippe* 
Shortly  afterward  Messrs.  Le  Blanc  and  Baulin  undertook  to  color  bjr 
this  system  a  geological  map  in  one  sheet,  <<  grand  aigle,"  which  ap- 
peared in  1843  with  the  title  *^  Carte  giognoatique  du  Plateau  tertiaire 
Farmen^^  by  Victor  Raulin.    Then  Major  Le  Blanc  undertook  the  im- 
pression in  colors  of  the  "  Carte  gSologique  du  globe  terrestre/^  by  Bou£, 
in  one  sheet.    It  is  dated  Paris,  1845,  and  bears  this  note:  ^'  Sous  Ies 
auspices  et  la  direction  de  la  Soci^t^  gdologique  de  France  par  Ies  soins 
at  proc^d^s  de  M.  Le  Blanc,  vice-secretaire."    The  execution  took  longer 
than  was  expected,  and  the  map  was  not  given  to  the  public  until  the 
spring  of  1846.    The  results  obtained  were  quite  defective,  both  as  to 
bhe  character  of  the  colors,  and  exactness  in  outline,  several  colors 
either  failing  to  meet  or  overlapping  each  other.     However,  these  first 
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attempts  were  quite  eDconraging;  especially  as  the  cost  was  much  less 
thau  by  the  hand  process. 

Ill  April,  1846, 1  offered  to  the  ISocietS  gMogique  de  France  for  publica- 
tion in  its  memoirs,  my  work  entitled  ^^Recherches  gSohgiques  8ur  leJura 
Salinaisy^  with  a  geological  map  of  the  country  round  Salins,  scale 
1:80,000,  taken  from  the  '^ Carte  dite  WJStatMajor.^  Having  been  ac- 
cepted by  the  committee  on  publications,  Major  Le  Blanc  offered  to 
try  his  process  of  mechanical  coloring,  his  offer  was  accepted,  and  my 
geological  map  of  the  Jura  Salinois  was  the  first  printed  in  color  that 
appeared  in  the  publications  of  the  Soci6ti  giologique  de  France.  The 
execution  occupied  1846  and  1847,  and  the  memoir,  with  the  map,  ap- 
])eared  in  January,  1848.  It  has  the  same  defects  as  the  map  of  Bou6, 
only  they  are  more  prominent  because  of  the  large  scale. 

The  multiplication  of  geological  maps,  and  the  difficulties  of  satisfac- 
tory and  rnpid  coloration  by  hand,  rendered  the  invention  of  improved 
methods  more  and  more  important.  Dufr^noy  and  £lie  de  Beaumont, 
after  the  publication  of  their  great  geological  map  of  France  in  six 
sheets,  began  the  trial  of  lithographic  coloring  at  the  Boyal  press  of 
Paris,  on  a  map  called:  ^^  Tableau  d? assemblage  des  six  feuilles  de  la 
carte  gSologique  de  Franee^^  in  a  single  sheet,  scale  of  1:2,000,000.  Pre- 
viously this  ^'  Tableau  d'assemhlagCy^  colored  by  hand,  had  been  placed 
at  the  end  of  the  first  volume,  4to,  of  the  ^^Explication  de  la  carte  g4o- 
logique  de  France^  1841.  The  copies  of  this  volume  distributed  from 
1811  to  1853  all  contain  this  map  colored  by  hand.  But  after  1853,  or 
at  the  beginning  of  1854,  there  appeared  at  the  end  of  the  volume 
which  still  bears  the  date:  ^^PariSj  Imprimerie  Royale^  MDOOOXLI/^ 
the  map  of  the  ''  Tableau  d^assemblage^'"  with  the  inscription  to  the 
right  at  the  bottom  of  the  map ;  '<  Lithographic  de  rimprimerie  ImperialeP 
This  chromolitbographic  map  of  the  imperial  press  was  a  success;  the 
colors  are  brilliant  and  uniform  and  do  not  overlap  each  other.  All 
the  copies  of  Volume  I  of  the  ^^^  Explication  de  la  carte  gSologiqus  de 
France^  of  Dnfr^noy  and  filie  de  Beaumont,  since  distributed,  have 
this  chromolithographic  map. 

Before  we  leave  the  "  Imprimerie  Rationale  de  France"  let  us  men- 
tion the  beautiful  geological  maps  that  have  been  made  there,  and 
whose  execution  has  nowhere  been  surpassed,  not  even  in  these  last 
years  of  progress  of  chromolithography .  First,  the  "  Carte  gSologique  de 
la  Belgique  et  des  contries  voisines^^  by  Andr6  Dumont,  one  sheet,  1855, 
a  real  masterpiece  of  coloring,  especially  if  we  consider  the  numerous 
superpositions  of  simple  colors,  which  determine  the  greater  part  of  the 
forty-two  different  tints  of  the  tabular  view  of  the  map.  The  "  Carte  gio- 
logique  de  PEuropCj^^  also  by  Andr6  Dumont,  in  four  sheets,  1855-1857, 
is  another  fine  example  of  coloring,  far  superior  to  the  one  made  at  the 
same  time  at  Edinburgh  by  Keith  Johnston  for  Sir  Boderick  Murchison's 
and  NicoPs  "  Geological  Map  of  Europe^  in  four  sheets,  1856.  Finally, 
the  maps  of  the  ^tat-Major,  scale  of  1 :  80,000,  used  by  the  service  of  the 
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^'  Carte  giologique  dStaillSe  de  la  France^  have  been  colored  by  cbromo- 
lithography  since  1877,  instead  of  coloring  by  hand  employed  up  to  that 
time. 

Many  improvements  have  been  added  to  the  first  methods  employed 
in  1854.  The  most  important  consists  'Mn  placing  on  metal  by  putting 
in  relief  the  sheets  of  a  map,  and  in  operating  the  impression  in  colors 
under  the  typographical  presse^.^  From  the  Imperial  press,  chromolith- 
ography  soon  extended  to  private  industry.  In  Paris,  Messrs.  Lemeruier 
&  Cie.  printed  chromolitbographically,  in  May,  1855,  the  ^^Carte  geolo- 
gique  des  £tats-  Unis  et  des  Provinces  anglaises  de  VAmirique  du  Nord^ 
by  Jules  Marcou,  and  in  August  the  ^^ Carte  giologique  du  Canada^'"  by 
W.  E.  L  gan. 

In  Germany  analogous  attempts,  by  means  of  lithographical  impres- 
sions in  oil  colors  were  made  at  the  same  time.  In  1842  two  chromo- 
lithographic  geological  maps  appeared,  namely  :  "  Carte  g6ognost%que  du 
Taurus  et  de  ses  environs^^  in  folio,  by  M.  .J.  Eussegger,  published  at  Stutt- 
gart 5  and  the  geological  wall  map  of  Germany  by  Woelter,  published 
.at  Eslingen  (Wurtemberg).  Then  in  1845  another  chromolithographi- 
cal  map  by  Major  Heinrich  Bach,  representing  the  geology  of  Wurtem- 
berg, appeared  also  at  Stuttgart.  All  these  maps,  as  well  as  those  thatr 
followed,  show  great  defects,  both  on  account  of  lack  of  clearness  in  th© 
colors,  all  being  too  dark,  and  bad  registration. 

Chromolithographic  geological  maps  appeared  in  Berlin  and  in  Vi- 
enna in  1851,  in  the  ^^Zeitsehrift  der  deutschen  geologischen  Oesellschaft^'^^ 
and  in  the  ^^Jahrbuch  der  k.  k.  geol,  Eeichsanstalt.^    In  1853  in  Switzer — 
land,  at  Winterthur,  J.  Wurster  &  Cie.  chromolithographed  the  ^^Carii 
geologique  de  la  Suisse,'^  by  B.  Studer  and  A.  Escher  de  la  Liuth.     Sev- 
eral of  the  shades  in  this  map  were  put  on  by  hand,  so  that  it  was  a 
sort  of  hybrid  between  the  two  systems. 

In  1854,  Justus  Perthes,  in  Gotha,  published  a  very  well  execute! 
chromolithograxihical  map,  ^^Oeognostische  Karte  des  Thuringer  Waldes^ 
by  H.  Credner,  lithographed  by  C.  Hellfarth;  and,  in  the  same  year, 
mai>  also  very  well  executed,  *'  Geognostische  Karte  von  Kurhessen^  by* 
A.  Schwarzenberg  and  H.  Beusse,  lithographed  by  C  Kegel,  of  Cassel..— 
The  last  one,  especially,  is  a  success,  the  coloring  being  but  little  infe — 
rior  to  that  of  the  geological  map  of  France  of  1853. 

In  America  the  systems  of  color-printing  replaced  but  slowly  the  han( 
l)rocesses.    The  late  A.  Sonrel,  the  well-known  draftsman  of  Louis  Agas- 
siz,  tried  a  system  analogous  to  that  of  Major  Le  Blanc,  and  in  1853  hi 
successfully  executed  a  little  geological  map,  which  appeared  in  a  pub- 
lic document  of  the  Commonwealth  of  Massachusetts,  entitled  :  ^''Repori 
on  certain  points  in  the  geology  of  Massachusetts,'^^  by  Edward  Hitchcock, 
The  map  has  no  title,  date,  or  pla<2e  of  publication,  and  no  name  of  th( 
engraver  or  printer.     It  embraces  the  coal  field  of  Bristol  County  aud.^ 
of  Ehode  Island. 
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SoiirePs  system  consisted  in  cutting  slips  of  card-board  to  correspond 
exactly  with  each  color.  These  were  then  accarately  glaed  to  a  wooden 
base  and  color  applied  to  them  by  a  printer's  cylinder.  An  impression 
from  them  was  then  taken  by  a  lithographic  press. 

In  185o  J.  H.  Colton  &  Co.,  of  New  York,  engraved  and  printed  in 
colors  the  "  Geological  map  of  the  State  of  Alabama^^  accompanying  the 
"Second  biennial  report  of  the  geology  of  Alabama",  which  did  not 
appear  until  in  1858,  owing  to  the  death  of  M.  Tuomey,  State  geologist. 
Messrs.  Colton  &  Co.  also  engraved  and  printed  in  colors  the  numerous 
ma|>s  of  Oscar  M.  Lieber,  geologist  of  South  Carolina  from  1856  to  1860. 
About  1868,  thanks  to  tbe  celebrated  cartographical  house  of  Julius 
Bien,  of  New  York,  chromolithography  at  last  came  into  general  use  in 
tbe  United  States  for  coloring  geological  maps.    Several  of  the  maps 
made  by  Bien  are  irreproachably  executed  and  compare  favorably  with 
those  made  at  Vienna,  Munich,  Berlin,  Paris,  Loudon,  and  Bruxelles. 
During  the  civil  war  in  the  United  States  there  was  a  great  falling  off 
in  the  publication  of  geological  maps  on  that  portion  of  America.    But 
shortly  after  its  termination,  a  new  impulse  of  unprecedented  strength, 
caused  not  only  the  resumption  of  interrupted  works,  but  also  the  birth 
of  many  new  ones.    The  Federal  Government  took  the  lead  by  causing 
tbe  exploration  of  a  part  of  the  immense  territories  of  the  West.  Bxcel- 
ieat  results  have  already  been  obtained,  and  the  important  geological 
atlases  published  during  the  last  few  years  under  the  direction  of 
Ifessre.  Clarence  King,  F.  V.  Hayden,  J.  W.  Powell,  and  George  M. 
^heeler,  are  an  honor  to  the  Government  of  the  United  States,  and  to 
the   geologists  who  constructed  them.    The  States  of  Michigan,  Wis- 
consin, Ohio,  Missouri,  New  Hampshire,  and  Pennsylvania  have  also 
Pa^iished  large  geological  atlases,  well  executed  in  chromolithography. 
The  Dominion  of  Canada  has  continued  with  improved  success  its  pub- 
lication of  geological  maps  of  the  British  Possessions  in  North  America. 
Finj^UVj  British  Guiana,  Brazil,  the  Argentine  Kepublic,  and  Chili  have 
'^Qdertaken  geological  surveys,  which,  in  the  last  twenty  years,  have 
^**'^fir«ly  au^iented  our  knowledge  of  the  geology  of  South  America. 
-lliti  geological  map  of  Chili,  in  thirteen  sheets,  by  Pissis,  published 
^^^romolithographically  in  Paris,  compares  favorably  with  any  atlas 
^^l>ljsbed  in  North  America. 

^^olo^cal  mapping  in  this  country  was  greatly  improved  between 

A8t>i*  and  1881,  without,  however,  attaining  that  degree  of  perfection 

^^ohed  by  the  old  and  very  detailed  geological  surveys  of  England, 

^'^iice,   Switzerland,    Belgium,    Austria,    Prussia,    or    Scandinavia. 

^^*t:ljough   the    latest   geological    publications  on  America  are  very 

^^P^iior  to  those  which  preceded  them,  there  has  not  been  executed 

^  K^logical  survey  of  any  large  area  that  is  really  final,  or  that  leaves 

'^t  little  to  be  corrected  in  the  future.     With  limited  exceptions,  all 

^^  geological  reconnaissances,  which  still  demand  many-years  of  work 

^  traasform    them   into  definite  and  completed   studies.    However^ 
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what  exists  already  is  enonnoas  in  importance  and  in  extent,  when  we 
consider  the  immense  stretch  of  land  explored,  from  the  Arctic  to  the 
Antarctic  regions. 

In  judging  the  results  obtained  by  the  efforts  of,  after  all,  a  rather 
small  band  of  field  geologists,  we  mnst  not  lose  sight  of  the  fact  that 
America  occupies  a  hemisphere,  and  that,  compared  with  the  Old  World, 
the  New  is  better  known  geologically,  and  has  far  less  blank  space  on  a 
general  geological  map  than  Asia,  Africa,  or  Australia. 

In  looking  over  this  catalogue,  one  will  often  be  struck  by  certain 
peculiarities  in  the  maps  cited.  Some  are  anonymous,  others  have  no 
titles,  some  have  no  date,  others  have  no  scale,  or  a  scale  which  has  to 
be  fignred  out  to  understand  it  exactly;  in  this  case  we  have  not  cited  the 
scale.  Often  no  place  of  publication  is  given;  even  whole  geological 
atlases  are  without  such  designation.  Very  often  the  date  on  the  map 
does  not  correspond  to  the  date  of  the  book  or  memoir  which  describes 
it ;  in  which  case  1  have  mentioned  both  dates,  first  that  of  the  map 
and  then  that  of  the  book.  Finally,  I  have  had  to  eliminate  a  certain 
number  of  maps  called  geological  in  their  titles,  which  really  have 
nothing  geological  about  them.  I  have  also  neglected  citing  very  small 
maps  reduced  firom  larger  ones,  which  authors  of  elementary  books 
have  inserted  in  their  texts  in  black  engravings  or  wood  cuts ;  for  they 
are  all  reproductions — often  very  x>oor  ones^-of  maps  made  by  original 
observers,  whose  names  are  neither  on  these  maps  nor  in  the  texts. 
They  are  merely  for  the  use  of  the  general  public  and  student,  and  are 
without  value  in  the  history  of  science.  Unfortunately  no  kind  of  pub- 
lication offers  greater  temptations  for  appropriating  the  work  of  others 
without  proper  credit,  than  a  geological  map.  It  is  offered  in  excuse 
that  the  knowledge  belongs  to  the  public,  but  geologists  who  respect 
the  property;  of  their  fellow-workers,  and  who  know  that  often  the 
only  recompense  of  very  difficult  work,  without  any  pecuniary  remu- 
neration whatever,  is  the  reputation  derived  from  it,  do  not  fail  to  cite 
the  name  or  the  names  of  the  first  explorers  or  investigators,  either  on 
the  maps  or  in  the  explanatory  text,  or  in  both.  Too  often  this  simple 
rule  of  justice  is  violated,  and  numerous  acts  of  real  scientific  piraey 
exist  in  geological  cartography.  The  persons  most  often  guilty  of  it 
are  mining  engineers,  geographers,  and  travelers.  Thus,  one  often 
finds  in  the  narrative  of  a  voyage,  or  in  mining  magazines,  large  geo- 
logical maps,  well  colored  and  tolerably  exact,  with  the  name  of  an 
author  wholly  unknown  in  geology.  If  these  maps  are  compared  with 
those  of  the  geologists  who  have  made  a  study  of  the  countries  repre- 
sented, it  is  surprising  to  find  that  they  are  exact  copies,  so  exact  in- 
deed that  they  repeat  faults  known  only  to  their  authors.  In  this  case 
the  evil  is  not  great,  for  every  one  rectifies  the  error  and  places  the  name 
of  the  true  author  in  the  place  of  that  of  the  unscrupulous  compiler. 

But  it  is  not  the  same  thing  when  the  author  of  the  compilation  is  a 
known  geologist.    It  then  becomes  very  difficult  to  know  what  really 
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bdoiigs  to  the  geological  predecessors  and  pioneers  whose  works  have 
been  appropriated  without  citing  them.  Bat  very  few  scientists  are 
capable  of  re-establishing  the  truth,  and  often  when  they  know  it  they 
dislike  to  make  it  public  and  expose  the  piracy  of  a  fellow  scientist. 
The  only  remedy  for  this  evil  is  the  reputation  which  each  one  pos- 
sesses in  science.  He  who  respects  and  cites  all  the  maps  and  works 
of  his  predecessors  is  sure  of  having  the  reputation  of  an  honest  ob- 
server, even  when  his  works  are  disagreeable  to  some  of  his  co-laborers. 
While  he  who  appropriates  right  and  left  the  works  of  others  is  soon 
known  and  cited  as  an  unscrupulous  compiler,  and  of  donbtftd  standing 
as  a  geologist 

Almost  all  the  geological  maps  cited  in  this  ^^Mapoteca"  are  in  my 
library — especially  all  the  pioneer  maps,  a  few  of  which  are  very  rare, 
and  command  a  high  price. 

The  public  libraries  of  Cambridge  and  of  Boston  have  allowed  us  to 
complete  what  we  lacked.  There  is  only  a  very  small  number  of  maps, 
hardly  a  dozen,  that  I  have  not  seen,  and  in  this  case  I  have  always 
added  the  word  unseen.  Some  of  these  even  I  have  seen  in  Eiuropean 
libraries  nearly  thirty  years  ago,  at  a  time  when  I  did  not  think  of 
making  a  catalogue. 

Notwithstanding  all  the  care  and  diligence  with  which  I  have  searched 
for  years,  a  number  of  geological  maps  of  America  must  have  escaped 
me,  as  happens  in  all  catalogues,  but  I  believe  that  nothing  important 
be  found  wanting. 

This  list  stops  with  the  year  1881,  inclusive. 

JULES  MABOOU. 

OAMBBmes,  Mass.,  Beptemberj  1882. 
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IRICA    IN    OBNBRAL,    COMPRISINa    BOTH    NORTH    AND 

SOUTH  AMERICA. 

1. 

nk6  (Ami).    Oarte  g^ologiqae  du  globe  terrestre.    Paris,  1846. 

[n  one  sheet  only.  America  is  colored  geologically,  with  the  data  then 
lOWD,  which  covered  only  aboat  one-twelfth  of  the  whole  continent.  The 
It  is  mere  conjecture.  It  is  a  bold  attempt  at  generalization  with  a  small 
sis  of  facts.  It  was  republished  by  Edward  Hitchcock,  without  the  name 
Bott^,  under  the  title  of  "  Outline  of  the  geology  of  the  globe."  1853. 
icompanying  '^  Outline  of  the  geology  of  the  globe,  and  the  United  States  in 
Tticnlar'',  by  Edward  Hitchcock.    Boston,  1854. 

An  English  edition,  by  A.  E.  Johnston,  appeared  in  1855  in  his  Physical 
las  of  natural  phenomena,  Plate  I,  under  the  title  "The  geological  struct- 
e  of  the  globe  according  to  Ami  Boh^.''    Ediuburgh,  1855. 
A  German  edition,  in  Berghaus  Physikalischer  Atlas,  appeared  in  1856  f 
ate  9,  under  the  title  ^'Geologische  Erdkarte  nach  Ami  Bon^  nnd  K.  John 
>n  von  TraugottCromme/'    Stuttgart,  1856  T 

2     • 

lylor  (K.  G.)«    Chart  showing  the  position  of  the  coal  fields  on 
le  sarface  of  the  globe. 

Accompanying  ^'Statistics  of  coal.''    Philadelphia,  1848. 
V  second  edition  was  published  by  Haldeman. 

3. 

Il  (Leopold  von).     Die  Verbreitung  und  die  Greuzen  der 
ide-Bildungen.    Mercator  projection. 

eoniY>Moyiug  ^'Betraebtungou  iiber  die  Verbreitung  und  die  Greuzen  der 
)e-BiIdongen";  Yerhandlungen  des  naturhistorischeu  vereins  der  Preuss- 
I  Rheinlaude  und  Westphalens.     Bonn,  1849. 

try  small  map,  showing,  in  black  etchings  the  geographical  distribution 
cretaceous  rocks  in  North  and  South  America.    Also  issued  separately. 

4. 
^k  (Edward).    Oatline  of  the  geology  of  the  globe. 

Vpanying  **  Outline  of  the  geology  of  the  globe,  and  the  United  States 
mlar.'^    Boston,  1854. 
^6  (Ami),  1843— No.  1. 

6. 

I 

mi).    The  geological  stmctare  of  the  globe  according  te 

eying  ''Physical  atlas  of  natural  phenomena'',  by  A.  K.  Johnston, 
linbnrgh,  1856. 
f  (Ami),  1843— No.  1. 
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6. 

18M— Bon<  (Ami)  and  JohnBton  (K.)-  C^ealogische  Erdkarte  nach  Ami 
Bou6  and  E.  Johuston  von  Traugott  Bromme. 

Accompany ing  '^BerghaoB  Physlkaliscber  Atlas,"  Plate  IX.     Stat^^art, 
1856t 
See  Bou6  (Ami),  1843— No.  1. 

7. 

1800 — Maroon  (Jules).  Geological  map  of  tbe  world  Carte  g^Io- 
giqae  de  la  terre.  Scale  1:  23,000,000.  Winterthar  (Switzer- 
land), 1801. 

In  eight  sheets.  In  this  map  localities  of  which  the  geology  waa  nnknowu 
were  loft  blank.  Reductions  of  it  appeared  in  Slis^  Reclas  ''La  Terre,'' 
Yol.  I,  Les  continents.  *'  Carte  g^ologique  dn  Monde,  d'apr^  Jules  Marcoa." 
Plate  II,  p.  30.  Paris,  1868.  Of  this  there  are  four  editions  By  an  over- 
sight of  the  translator,  Mr.  Henry  Woodward,  the  author's  name  was  omitted 
in  the  English  editions  entitled  ''The  Earth,''  by  Slis^e  Reclns. 

Prof  Oscar  Fraas  reproduced  a  reduction  of  the  first  .edition  of  this  map 
in  his  ''Vorder  SUndfluth,"  Stultgart,  1865,  with  the  author's  name  omitted; 
in  the  subsequent  editions  of  his  work  he  repaired  his  forgetfulnees.  In 
1872  a  reduction  of  the  first  edition,  in  one  sheet,  appeared  in  Yiennai  in  the 
"Physikalische  Karten,"  published  by  Artaria  &  Co.  under  the  title  ''Geolo- 
gische  Uebersichtskarten  der  Erde  nach  Marcou." 

8. 

1866 — ^Maroon  (Jules).   Geological  map  of  the  world  (reduction  of). 

Accompanying  "  Vor  der  Sttndfiuth,"  by  Oscar  Fraas.    Stuttgart,  1865* 
See  Marcon  (Jules),  1860— No.  7. 

9. 

1867 — Simonin  (Louis).  Oarte  des  terrains  houillers  du  globe  et  de 
I'exportation  du  charbon  anglais  d'apr^s  Taylor,  Marcoa  et  les 
documents  officiels. 

Accompanying  "La  vie  souterraine,  ou  les  mines  et  les  mineurs."  Carte  I, 
p.  32.    Paris,  1867. 

It  is  a  reduction  of  R.  C.  Taylor's  chart,  with  additions  from  the  first  edition 
of  Marcou's  Geological  map  of  the  world. 

10. 

1868 — Maroou  (Jules).  Carte  g^ologique  du  monde  d'aprte  Jules 
Marcou. 

Accompanying   ''La  Terre,"  by  fiUs^  Reclus,  Vol.  I,  Plate  II^  p.  30. 
Paris,  1^^. 
See  Maroou  (Jules),  1860— No.  7. 

11. 

1870 — Karcou  (Jules).    Carte  g^ologique  du  monde. 

Accompanying  "  La  Terre,"  by  £lis^  Reclns,  2d  edition,  Plate  II.    Puii^ 

1870. 
See  Marcou  (Jules),  1860— No.  7. 
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#  12. 

Wl\ — ^Maroon  (Jules).    Geological  map  of  the  world. 

Accompanying  "The  Earth,"  by  filis^e  Reolus,  Plate  II.    London,  1871. 
The  name  of  Jnles  Marcon  has  been  dropped,  not  by  the  translator,  Bir. 
Henry  Woodward,  bnt  by  the  publisher. 
See  MarcoQ  (Jule*),  186(h-No.  7. 

13. 

1872 — ^Maroon  (Jules).    Geologische  Uebersichtskarten  der  Erde,  nach 
Marcou. 

Accompanying  "Physikalische  Karten,"  published  by  Artaria  A  Co» 
Vienna,  1672. 

See  Marcou  (Jules),  1860— No.  7. 

14. 

1874 — ^Marcon  (Jules).    Geological  map  of  the  world. 

Accompanying  "  The  Earth,"  by  ^lis^  Beclos,  2d  edition,  Plate  11.    Lon- 
don, 1874. 
See  Marcou  (Jules),  1860— No.  7. 

16. 

1874 — ^Maroon  (Jules).    Carte  g^ologique  du  monde. 

Accompanying  "La  Terre,"  by  ^lisde  Reolus,  Plate  XL    German  edition. 
(Berlin),  1874. 
See  Marcon  (Jules),  I860— No.  7. 

16. 

1870 — ^Maroon  (Jules).    Geological  map  of  the  world.    Carte  g^ologiqae 
delaterre.    Scale  1:  23,000,000.    Zurich,  1875. 

Second  edition,  in  eight  sheets.  North  and  South  America  are  almist  aU 
colored,  and  many  corrections  and  additions  have  been  made.  A  reduction 
appeared  in  the  fourth  edition  of  iSlis^e  Reclns's  ''La  Terre,"  and  also  in 
translationa  and  subsequent  editions  of  the  same  work. 

17. 

1870 — Mareon  (Jules).   Carte  g^ologique  de  la  terre,  reduction  et  assem-    * 
blage  des  huit  feuilles. 

Accompanying  *'  Explication  d'une  seconde  Edition  de  la  carte  g^logique 
de  la  terre."    4<>.    Zurich,  1875. 

18. 

1876 — ^Maroon  (Jules).    Carte  g^ologique  du  monde. 

Accompanying  "La  Terre,"  by  ^lis^e  Reolus.    Italian  edition,  fiom  which 

the  name  of  E.  Reclus  has  been  expunged.    ,  1876. 

See  Maroon  (Jules),  1875— No.  16. 

19. 

1876— Haroon  (Jules).    Carte  g6ologique  du  monde. 

Accompanying  *'La    Terre,"  by  £lis^e   Reclus,  3*»«  Edition,  Plate  IL 
Paris,  1876. 
See  Maxcon  (Jnles),  1860.-'No.  7. 
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20. 

1876 — Haroou  (Jules).    Carte  g6oIogiqae  da  monde. 

Accompaoying  ''La  Terrei"  by  filial  Beclas.    Carte  g^ologiqne  II.    Hag- 
yar  edition.    Bada  Pesth  (Haugary^,  1876. 
See  Maxcon  ( Jalee),  1875— No.  16. 

21. 

1877 — ^ICaieoa   (Jules).     Carte  g^logique  da  monde   d'aprte  Jules 
Marcoa. 

Accompanying  ''La  Terre/'  by  Slis^e  Recias,  4**"^  edition,  Plate  II,  p.  2IL 
Paris,  1877. 
See  MarcoQ  (Julea),  1875— No.  16. 

22. 
1877— Marooa  (Jules).    Geological  map  of  the  world. 

Accompanying  "The  Earth/^  by  £iia^  Reclua,  3d  edition,  Plate  IL  Lon* 
don,  1877. 
See  Maroon  ( Jnles),  1875— No.  16. 

23. 
1878 — Maroon  (Jules).    Carte  g6ologique  du  monde. 

Accompanying  "La  Tene,"  by  ^Ua6e  Reolns.    Carte  XL    BoMiaaedil 
St.  Petenbnrg,  1878  f 
See  Maroon  ( Joles),  1875— No.  16. 

(28) 


NORTH  AMERICA  IN  aSNRRAL,  COMPRISINa  THE  iJMi'PHh 
STATES^  OR  A  LAROB  PORTION  OF  THEM,  AND  THE  BRITI8R 
POSSESSIONS  OF  NORTH  AMERICA. 

*  -24. 

2*-0nettard  (Jean  £tienne).    Carte  min^ralogique  oh  Fon  voit  la 
nature  des  terrains  da  Canada  et  de  la  Louisiane.   • 

Accompftnying  "  M6moire  d^ns  leqael  on  compare  la  Canada  k  la  Suifise  par 
rapport  4  ses  mineraux.*'  Histoire  de  ]'Acad6mie  Boyale  dee  Boiences,  4P,  p. 
189,  Plate  VII.    Paris,  1752. 

A  map  extending  from  Florida  to  the  60th  parallel  of  latitude  north. 

This  very  cnrioiu  first  ^'Geological  Map  of  a  part  of  North  America,"  shows 
the  geographical  distrihntion  of  three  large  helts  of  rocks,  which  Gaettard 
called  ''Bandes  sablonense,  marneuse,  et  schisteube  on  m^tallif^re.''  The 
marly  or  clay  belt  is  marked  by  a  shaded  zone,  extending  from  the  shores  of 
Texas,  on  the  Gulf  of  Mexico,  toward  the  northeast  as  far  Cape  Breton  Island, 
called  Isle  Boyale;  then  it  turns  northwest  toward  Quebec.  West  of  this  band 
lay  the  schistose  or  metalliferous  belt,  and  east  of  it  the  sandy  belt  under  the 
sea-level. 

Thirty-nine  different  signs  and  annotations  indicate  places  where  rocks  and 
minerals  exist  between  the  Atlantic  and  the  Kocky  Mountains.  On  a  smaller 
map,  placed  at  the  right-hand  lower  comer,  on  a  larger  scale,  comprising  the 
shores  of  the  St.  Lawrence  River,  Gnettard  points  out  eight  localities  contain- 
ing fosailB,  which  he  figures  on  Plates  3  and  4.  One  is  evidently  an  Orthis, 
and  another  a  Le'ptiBna,  related  to  Leptcena  sericea,  both  found  on  the  shores 
or  near  Lake  Champlain.  Besides,  Gaettard  gives  liguies  of  Crinoidcea  and  a 
tooth  of  the  Mastodon  gigantenm,  found  on  the  banks  of  the  Ohio  River,  in 
1739,  by  Longueil,  an  officer  of  the  French  army,  who  collected  there  (Big 
bone  Lick)  bones,  teeth,  and  tnsks  which  still  exist  carefully  kept  among  the 
collections  of  Comparative  Anatomy  at  the  ''Jardin  des  Plantes,"  in  Paris. 
The  map  waa  constructed  by  Philippe  Buaohe  for  M.  Gnettard. 

.25. 

ft— Kaduie  (William).    A  map  of  the  United  States,  colored  geolog- 
ically. 

Accompanying  '^Observations  on  the  Geology  of  the  United  States,  explan- 
atory of  a  Geological  Map.''  Trans.  Amer.  Phil.  Soc,  Vol.  YI,  p.  411.  Phil- 
adelphia, 1809. 

This  was  published  dnring  the  author's  absence  in  Europe,  and  he  was  mnch 
dissatisfied  with  it. 

26. 

''I— Maclnre  (William).    Carte  des  Etats-Unis  de  l'Am6rique-Nord, 
pour  servir  aux  observations  g^^ologiques. 

Accompanying  '*  Observations  snr  la  Geologic  des  £tatB-Unis."  (Journ.  de 
Phys.,  de  Chim.,  d'Hist.  Nat.  et  des  Arts,  par  J.  C.  Delam^therie,  Vol.  LXXII.) 
Paris,  1811. 

For  a  fac- simile  of  this  map  see  1858 — No.  54.  « 
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27. 

1817 — Maolnre  (William).    Map  of  the  United  States  of  America,  de- 
signed to  illustrate  the  Geological  Memoir  of  Wm.  Maclare,  esq. 

Acoompanjing  "  Obaer  vat  ions  on  the  Geology  of  the  Unitied  States  of  Amer- 
ica."   Trids.  Amer.  Phil.  Soc,  New  Series,  Vol.  I.    4°.     Philadelphia,  1817. 

This  geological  map  and  the  explanatoiy  memoir  are  better  known  than  the 
first  map  of  1809  or  the  French  edition  of  1811,  and  are  generally  considered  m 
the  starting  point  for  the  geology  of  North  America.  Also  issned  separately 
in  8o. 

28. 
1822— ^eaveland  (Parker).    (Geological  Map)  The  United  States. 

Accompanying  "An  elementary  treatise  on  Mineralogy  and  Geology,  designed 
as  a  companion  for  travelers  in  the  United  States  of  America."  Second  edi- 
tion in  two  volumes,  p.  784,  Vol.  II,  Plate  YI.    Boston,  18^. 

This  old  geological  map  of  the  United  States  is  merely  a  copy  of  the  third 
edition  of  1817,  of  Maclnre's  Geological  Map,  witn  very  few  additions  or  Tsria- 
tions. 

29. 

1822 — ^Long  (S.  H.)  and  James  (Edwin).    Map  of  the  country  drained  by 
the  Mississippi,  western  section. 

Accompanying  ''Account  of  an  expedition  from  Pittsburgh  to  the  Bocky 
Mountains,  performed  in  the  years  1819  and  1820,  under  the  command  of  Migor 
8.  H.  Long,"  compiled  by  Edwin  James,  geologist  to  the  expedition,  12  toI. 
and  4P  atlas.    Philadelphia,  1823. 

In  black,  with  dotted  lines  and  geologic  inscriptions  indicating  limitB  €>t 
the  formations  as  understood  then  by  Edwin  James. 

Although  very  rough,  this  first  sketch  of  the  geology  of  the  country  west  c^ 
the  Mississippi  River,  by  Dr.  Edwin  James,  is  very  creditable,  and  entitles  hi-KA 
to  be  called  the  first  pioneer  of  the  geology  of  the  country  between  the  H^ 
sissippi  River  and  the  eastern  foot  of  the  Rocky  Monntaina.  The  volan^^ 
appeared  in  1823  the  atlas  in  1822. 

30. 
1842— Owen  (D.  D.).    Geological  chart  of  the  Ohio  Yalley. 

Accompanying  "On  the  geology  of  the  Western  States  of  North  Ameru 
As  a  postponed  paper  in  Joum.  Geol.  Soc,  London,  Vol.  II,  p.  433.    Lon^< 
1846. 

This  map  was  published  in  order  to  establish  satisfactorily  his  just  cl 
of  original  discoverer  of  many  important  points  in  the  geology  of  the 
em  States,  two  maps  having  appeared  in  1843,  by  B.  Lawrence  and  J.  H^^'' 
covering  almost  the  same  ground,  without  reference  to  the  survey  of  D»v^^ 
Dale  Owen,  from  which  they  were  compiled  almost  entirely. 

31. 
1843 — Lawrence  (Byrem).    A  geological  map  of  the  Western  States. 

[No  place  of  publication].    1843.    Lithographed  in  Boston. 
ThisVery  rare  map  is  merely  a  copy  of  David  Dale  Owens'  geological  msp 
of  the  Ohio  Valley. 
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32. 

43— Hall  (James).    Oeological  map  of  the  Middle  aod  Western  States. 

Accompanying  •'Geology  of  New  York,"  Part  IV,  comprising  the  snrvey 
of  the  fourth  geological  districts.   4to.    Albany,  1843;  also  issned  separately. 

33. 
43 — Mozon  (Charles).    Sketch  of  the  geology  of  the  United  States. 

Accompanying  *'  On  the  geology  of  the  United  States."    In  the  Geologist 
for  the  year  1843,  edited  by  C.  Moxon.    Frontispiece.    London,  1843. 
A  Tery  rough  reprodaction  and  reprint  of  Maclare's  geological  map. 

34. 

45 — ^LyeU  (Sir  Charles).  Oeological  map  of  the  United  States,  Can- 
ada, &c. 

Accompanying  "Travels  in  North  America  in  the  years  1841-42."  London 
and  New  York,  1845. 

This  map  appeared^ May  14th,  1845.  It  is  important,  giving  for  the  first  time 
a  general  view  of  the  geology  of  North  America. 

35. 

8M— LyeU  (Sir  Charles).  Geognostische  Katte  der  Vereinigten 
Staaten,  Canada,  &c. 

Accompanying  "Reisen  in  Nord-Amerika  von  Charles  LyelL  Dentsch,  von 
Dr.  Emil  Th.  Wolff."    Halle,  1846. 

36. 

B48— Widisennf  (A.).  Oeological  sketch  of  a  tour  from  Independence 
to  Santa  Y6j  Chihuahua,  Monterey,  and  Matamoros. 

Accompanying  ''Memoir  of  a  tonr  to  Northern  Mexico,  connected  with  Col- 
onel Doniphan's  exx>edition  in  1846  and  1847."    Washington,  1848. 
Black,  with  geological  indications  only. 

37. 

61— Owen  (D.  D.),  Vorwood  (J.  O.),  and  WMttlesey  (Charles).  Geo- 
logical map  of  Wisconsin,  Iowa,  and  Minnesota,  exhibiting  also 
the  extension  of  the  Iowa  coal  field  into  Missouri,  and  its  relation 
to  the  Illinois  coal  field. 

Accompanying  "  Report  of  a  geological  snrrey  of  Wisconsin,  Iowa,  and  Mln- 
neeota  and  incidentally  of  a  portion  of  Nebraska  Territory,"  by  D.  D.  Owen. 
Vol.  of  iUustrations.    4^.    Philadelphia,  1852. 

A  very  important  map  for  the  upper  Mississippi  region.  On  the  same  large 
sheet,  at  the  upper  right-hand  comer,  there  is  also  a  ''Geological  map  of  the 
north  shore  of  Lake  Superior'^ 

38. 

ttl-4>wen  (D.  D.),  Vorwood  (J.  G.),  and  Whittlesey  (Charles).  Oeo- 
logical map  of  the  north  shore  of  Lake  Superior. 

Accompanying  ''Report  of  a  geological  survey  of  Wisconsin,  Iowa,  and 
Minnesota  and  incidentally  of  a  portion  of  Nebraska  Territory,"  by  D.  D. 
Owen.    Vol.  of  illustrations.    4^.    Philadelphia,  1852. 

See  the  preceding  map — No.  37. 
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39. 
1868 — Buch.  (Leopold  von).    Oeognostische  Karte  von  Nord-Amei 

Accompanying  '*Ueberdie  Juraformation  auf  der  Erdflache"  in  Monate 
der  koniglichen  Akademie  der  WissenBchafton  zu  Berlin.    Berlin,  1852 

It  ie  tlie  last  memoir  by  the  celebrated  Pmsfiian  geologist.  The  m{ 
A  very  small  scale,  and  was  also  issued  separately. 

40. 

1853 — Maroou  (Jules).    Geological  map  of  the  United  States  ai 
British  provinces  of  North- America. 

AceompaDyiug  ^^A  geological  map  of  the  United  States  and  the 
provinces  of  North  America,  with  an  exx)lanatory  text,  geological  » 
and  x^l^tes  of  the  fossils  which  characterize  the  formation."  Bostoi 
1653. 

■ 

A  French  translation  has  appeared  under  the  title  '*  Carte  g6oIogi 
£tats-Uui8  et  des  provinces  Britauniques  de  I'Ani^rique  dn  Nord." 
panyipg  ^'Voyage  dans  TAm^rique  du  Nord  en  18^  et  1854,  par  Gu 
Lambert,  Bruxellea,  mars  1855.  This  map  is  the  first  which  gives 
tribution  of  the  strata,  according  to  the  nomenclature  of  Murchison 
Vemeuil,  into  lower  and  upper  Silurian  and  Devonian ;  it  also  exteudc 
the  Mississippi  as  far  as  the  Rocky  Mountains. 

41. 

18S8 — ^Hitohcook  (Edward).    A  geological  map  of  the  United  Stal 
Oanada. 

Accompanying  ^*  Outlines  of  the  geology  of  the  globe,  and  of  the 
States  in  particular,  with  two  geological  maps,  and  sketches  of  chara 
American  fossils.''    Boston,  1854. 

Sketch  map  made  up  by  combining  Bout's  ''Qeological  map  of  the 
with  Charles  Lyell  and  Jules  Marcou's  **  Geological  map  of  the  Unite 
and  Canada." 

This  map  first  appeared  in  October,  1853.    Another  issue  was  made 

42. 

1864--Hitohoock  (Edward).    A  geological  map  of  the  United  Stal 
Oanada. 

Second  issue  of  the  above-mentioned  map~No.  41. 

43. 

1856 — Logan  (W.  E.).   Carte  g6ologique  dn  Canada.    Scale:  lieue 
au  degr6  dont  une  s=  4445  m. 

Accompanying  ^'Esquisaeg^Sologique  du  Canada  pour  servir  ^I'inte 
de  la  carte  g6ologique  envoys  ii  TExposition  universelle  de  Paris  en  li 
W.  E.  Logan  et  T.  Sterry  Hunt,  in  12P.    Paris,  1855. 

This  map  is  also  published  in  the  **Bull.  Soc.  g6ol.  France,  2«  s^rie,  t< 
page  1310?    More  than  half  of  this  max)  i^  ^^  ^^^  United  States. 
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44. 

U— Logan  (W.  E.).    Carte  g^ologique  du  Canada.    Scale,  lieues  de  25 
aa  degr6  dont  une  =  4445  m. 

Accompanying  "Bull.  Soc.  g^ol.  France,"  2*  s^rie,  torn.  XII,  p.  131(5.  Paris, 
185r>. 

Tb«  same  as  the  map  mentioned  above ;  a  few  copies  were  presented  to  the 
Geol.  Soc.  of  France,  and  inserted  in  its  Bulletin. 

45. 

Uf^Lyell  (8ir  Charles).     Geological   map  of    the    United  States, 
Canada,  &c.    London,  1855. 

Second  English  edition.    See  LyeU  (Sir  Charles),  1845— No.  34. 

46. 

5 — Kaieon  ( Jales).    Carte  g^ologique  des  Etats-Unis  et  des  provinoes 
Britaniqaes  de  PAm^rique  du  Nord. 

Accompanying  ''Voyage  dans  FAm^rique  da  Nord  en  1853  et  1864",  par 
Gaillaome  Lambert.    Bruxelles,  1855. 
See  Maroou  (Jules),  1853— No.  40. 

47. 

' — -Karoon  (Jales).    Carte  du  terrain  Carbonif 6re  dans  une  partie  de 
I'Am^rique  du  Kord. 

Accompanying  ''Le  terrain  Carbonif^re  dans  TAm^rique  du  Nord".  La  Bib- 
lioth^ne  universelle  de  Geneve,  Juin,  1855.    Geneve,  1855. 
Black  etching. 

•      48 

^— ^Karoon  (Jules).    Oeologische  Karte  der  Vereinigten  Staaten  and 
Britischen  Provinzen  von  Nord-Amerika.    Scale,  1 :  14,000,000. 

Accompanying  '*UeberdieGeologie  der  Yereinigt-en  Staaten  und  derEngli- 
scher  Provinzen  von  Nord-Amerika.''  Petermann's  Geographische  Mitthei- 
Inngen.     Vol   I.     Gotha,  1855. 

Published  July,  1855.  It  is  the  first  geological  map  comprising  the  whole 
country  from  the  Atlantic  to  the  Pacific  Oceans,  the  author  being  the  first  geol- 
ogist to  <^ro6s  the  continent  with  a  Government  expedition— the  Pacific  Rail- 
road exploration.  He  was  able  to  give  said  data  by  the  35th  parellel  of  lati- 
tude from  Arkansas  to  San  Francisco. 

49. 

rcon  (Jules).     Carte  g^ologique  des  fitats-Unis  et  des  pro- 
vinces anglaises  de  I'Am^rique  du  IS^ord. 

Accompauying  "  R^sum^  explicatif  d'une  carte  g^ologique  des  £tats-Uni8  et 
des  provinces  anglaises  de  VAm<5rique  du  Nord.''  Bull.  Soc.  gdol.  France, 
tome  XII,  p.  «W.     Paris,  1855. 

The  number  of  the  Bulletin  for  May,  16o5,  did  not  appear  till  the  beginning 
of  1856.  On  this  account  the  author,  to  prevent  delays  and  in  order  to  take 
date  for  his  discoveries  in  the  far  West,  had  a  German  edition  published  in 
Petermann's  Geographische  Mittheilungen.  This  map  also  appeared  in  the 
Annales  des  Mines,  tome  VII,  p.  329.    Paris,  1855. 
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50. 

1856 — Maroon  (Jules).    Carte  g^ologique  des  ^tats-Hnis  et  des  pro- 
vinces anglaises  de  PAm6riqae  du  Nord. 

Accompanying  '^Esquisse  d'une  classification  des  chaines  de  montagnes 
d'une  partie  de  I'Atuerique  du  Nord.  Annates  des  Mines,  5*  s^e,  tome  VII, 
p.  320,  Plate  IX.    Paris,  lb55. 

See  Marcou  (Jules),  1855— No.  49. 

51. 

1856 — Bogon  (H.  D.).    Geological  map  of  the  United  States  and  Britigh 
North  America. 

Acoompauyinf!^  ''Physical  Atlas  of  Natural  Phenomena,"  by  Keith  Johjuton. 
Folio,  Plate  VIII.    Edinburgh,  1856. 
Published  the  1st  of  July,  185G. 

52. 

1867— Hall  (James),  and  Losley  (J.  P.).    Map  illustrating  the  genenil 
geological  features  of  the  country  west  of  the  Mississippi. 

Accompanying  "Report  on  the  United  States  and  Mexican  Boundaiy Sur- 
vey," by  W.  H.  Emory.    4°.    Vol.  I,  Part  II,  p.  1.    Washington,  1857. 

63. 
1868 — Maokio  (S.  J.).    Eemnants  of  Primeval  Lands^  Korth  America. 

Accompanying  "  The  remnants  of  the  first  life  world  and  the  bottom  rockB.'^ 
In  ''The  Geologist,"  a  popular  monthly  magazine  of  geology,  edited  by  8.  J- 
Mackie,  p.  288.    London,  1858. 

54. 

1858— Maoluro  ( W.)    Carte  des  £t^]t8-Unis  de  I'Am^rique  du  Kord,  poQi^ 
servir  anx  observations  g^ologiques. 

Accompanying  "  Geology  of  North  America,"  by  Jules  Maroon.  4^.  ZnxieV 
1858. 
This  is  a  copy  on  a  somewhat  smaller  scale  of  the  Paris  edition  of  181L 
See  Maroou  (Jules),  1858— No.  55. 

56. 

1858— Maroon  (Jules).    Carte  g^ologique  des  iStats-Unis  et  des  provinces 
anglaises  de  FAm^rique  du  Nord. 

Accompanying  "  Geology  of  North  America,  with  two  reports  on  the  prairicA 
of  Arkansas  and  Texas,  the  Rocky  Mountains  of  New  Mexico,  and  the  Sierra 
Nevada  of  California."    4°.    Zurich,  1858. 

A  reduction  of  this  map,  combined  with  the  first  edition  of  the  "  Geological 
map  of  the  world,^'  by  the  same  author,  is  placed  at  the  lower  comer  on  the 
left-hand  side  of  the  sheet  of  "  Geologic  und  Physikalische  Karten,"  containing 
"  Qeologische  Uebersichts-Karte  der  Erde  naoh  Maroou,  etc.,"  published  by 
Artaria  &  Co.    Vienna,  1872. 

See  Maroou  (Jules),  1872— No.  66. 

66. 

1861 — Haydon  (F.  Y.).    Outline  reduction  of  the  maps  of  Kansas,  l^Te- 
braska,  and  Dakota.    Scale,  60  miles  to  the  inch. 

Accompauying  "  On  the  geology  and  natural  history  of  the  Upper  Mis- 
souri. Trans.  Amer.  Phil.  Soc.  4^.  Vol.  XII,  new  series,  article  I,  p.  218L 
Philadelphia,  1863. 

(28) 


ov,]  NOfiTH    AMERICA    IN    GENERAL.  29 

57. 

L — Humphreys  (A.  A.),  and  Abbot  (H.  L.)-    Map  of  the  alluvial  region 
of  the  Mississippi.    Scale  1  : 1,500,000. 

Accompanying  "Report  upon  the  physics  and  hydraulics  of  the  Mississippi 
River/'  Professional  Papers  of  the  Corps  of  Topographical  Engineers,  United 
States  Army,  No.  4.  4°.  Plate  II,  U.  S.  Mississippi  Delta  Surv#»y.  Phila- 
delphia, 1861. 

Very  important  and  reliable  map,  not  only  in  regard  to  the  geological  dis- 
tribution of  the  alluvium,  but  also  in  regard  to  the  delta  and  the  mouth  of  the 
Mississippi. 

58. 


( W.,  jr.).    Map  showing  the  relation  of  the  anthracite  coal 
region  to  the  great  Appalachian  coal-field,  according  to  Leslie. 

Accompanying  ''Notes  on  the  anthracite  coal  region  of  North  America. 
Truns.  North  of  England  Inst.  Mining  £ngr8.,yoL  XIII,  p.  25.  Newcastle- 
upon-Tyne,  1864. 

59. 

)4— Logan  (Sir  W.  E.).  Geological  map  of  Canada  and  the  adjacent 
region,  including  parts  of  the  British  provinces,  and  of  the  United 
States. 

Accompanying  "Geol.  Surv.  of  Canada,  report  of  progress,  from  its  com- 
mencement to  1863".  Atlas  of  maps  and  sections,  with  an  introduction  and 
appendix  I.    Montreal,  1865. 

Only  one-sixth  of  the  map  is  truly  Canadian.  In  the  map  appears  a  Quebec 
group,  comprising  the  Calciferons  and  Chazy  limestone,  and  placed  below  the 
Trenton  group  and  above  the  Potsdam.  In  the  yolume  *'  Geology  of  Canada," 
the  same  Quebec  group  is  placed  above  the  Trenton  group,  and  as  a  part  of 
the  Utica  and  Hudson  River. 

60. 

T — ^Haroon  (Jules).  Carte  des  hoailU^res  des  Stats-Unis  d'aprto  J. 
Marcoa. 

Accompanying  **  La  vie  souterraine,  on  les  mineb  et  lea  mineurs,''  par 
Louis  Simonin.    4°.  Carte  X,  p.  112.    Paris,  1867. 

It  IB  a  reduction  of  Maroon's  **  Carte  g6ologique  des  £tata-UniB  et  des 
Provinces  anglaises  de  I'Am^rique  dn  Nord  "  of  1868. 

61. 

r^Simonin  (Loais).  Carte  des  gltes  miniers  des  Etats  de  la  Gali- 
fornie  et  If evada. 

Accompanying  *'  La  vie  souterraine,  on  les  mines  et  les  mineurs."  Carte 
XII,  p.  432.    Paris,  1867. 

A  reduction  of  a  part  of  Maroon's  **  Carte  g^ologiqne  des  ^tats-Unis  et  des 
Provinces  anglaises  de  I'Am^rique  du  Nord''  of  1858.  It  covers  Oregon  and 
some  parts  of  Utah  and  Arizona. 

62. 

t7— Simonin  (Loais).  Carte  de  la  region  m^talliffere  da  Lac  Snp^riear 
d'aprte  Rogers  et  Marcou. 

Accompanying  ^*  La  vie  souterraine,  ou  les  mines  et  les  mineurs."  ^  Carto 
XIY,  p.  436.    Paris,  1867. 
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63. 

I860— Forster  (J.  W.).    Oeological  sketch  of  the  United  States. 

Aocompanying  ''  Besouroes  of  the  MissiBsippi  Valley."    Page  272.    Chicago, 
1869.    Black  etching,  covers  one  octavo  page  only. 

64. 

1871 — Credner  (Herman).  Geognost iscbe  Karte  des Alleghany-Systems. 
Nach  den  vorhandenen  Arbeiten  sowie  eignen  TJnter-suchun- 
gen.    Maasstab  1 : 6,000,000. 

Accompanying  '^Die  Geognosie  und  der  Mineralrbichthnm  des  Alleghany- 
Sj'stems.''  Erlauternder  Text  zur  geoguoBtischen  Karte.  Petermann's  Oeo- 
grapbische  Mlttheilungen.    4°.     Vol.  XVII,  Taf.  III.     Gotha,  1871. 

65. 

1872— HitohdSck  (C.  H.)  and  Blake  (W.  P.).     Geological  map  of  the 
United  States,  compiled  for  the  9th  Gensas.    Washington,  1872» 

The  same  as  the  map  published  in  1874. 

See  Hitchcock  (C.  H.)  and  Blake  (W.  P.),  1874— No.  70. 

66. 

1872 — Marcou  (Jales).     Garte  G^ologique  des  ^tatsUnis  et  des  pro- 
vinces anglaises  de  l'Am6riqae  du  Kord. 

Accompanying  "  Pbysikaliscbe  Karten  Geologic/'  pabliahed  by  Artaiia  9^ 
Co.,  on  sheet  containing  ^'Geologische  Uebersichtskarte  der  Erde  nadhMar^ 
con."    Vienna,  1872. 

See  Marcou  (Jnles),  1858 — ^No.  55. 

67. 

1873^Hitchcock  (C.  H.)  and  Blake  (W.  P.).    Geological  map  of  the- 
United  States. 

Accompanying  ^^  Statistics  of  mines  and  mining  in  the  States  and  Terri< 
tories  west  of  the  Rocky  Moantains,"  being  the  fifth  annual  report  of  Rossiter 
W.  Raymond,  p.  480.    Washington,  1873. 

See  Hitchcock  (C.  H.)  and  Blake  (W.  P.),  1874— No.  70. 

68. 

1873 — ^Maofkrlane  (James).    Map  showing  the  coal  fields  of  the  United 
States. 

Accompanying  ''The  coal  regions  of  America."    New  York,  1873. 
Black  etching. 

69. 

1874— Hitchcock  (C.  H.).    Map  of  the  coal  fields  of  the  United  States^ 
compiled  from  State  reports. 

Accompanying  "Statistical  atlas  of  the  United  States,  based  on  the  resuita 
of  the  Ninth  Census,  1870,  compiled  under  authority  of  Congress,"  by  Francia 
A.  Walker.    Plates  XI  and  XII.    folio.    Washington,  1874. 
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70. 

4— Hitcheoek  (C.  H.)  and  Blake  (W.  P.).  Oeological  map  of  the 
United  States,  compiled  from  sources  mentioned  in  the  text. 

Accoropanying  **  Statistical  atlas  of  the  United  States,  based  oibthe  lesnlta 
of  tbe  Ninth  Census,  1870,  compiled  under  authority  of  Congress/'  by  Francis 
A.  Walker.    Plates  XIII  and  XIV.    folio.    Washington,  1874. 

This  map  is  wanting  in  uniformity  of  classification  and  clearness  of  defini- 
tions, not  only  for  tbe  rocks,  but  also  for  the  colors,  which  do  not  represent 
the  same  formation  on  the  right  as  on  tbe  left  of  the  map;  several  copies 
dated  187:?,  with  the  following  alteration  in  the  title,  "compiled  for  the  Ninth 
Census,''  were  privately  distributed.  It  was  distributed  also  at  the  Centen- 
nial Exhibition  of  Philadelphia,  1876,  with  the  *' Special  report  of  the  Smith- 
sonian Institution."  Sait  may  be  considered  as  an  official  "Geological  map 
of  the  United  States."  It  was  also  published  in  1877  in  **  Gray's  Atlas  of  the 
United  States  and  the  World."    folio.    Philadelphia. 

See  mtchcook  (C.  H.)  and  Blake  (W.  P.),  1872— Nos.  65  and  67. 

71. 

r — ^Wrigley  (H.  E.).    Special  oil  report  map  A.    Scale,  50  miles  to 
tbe  inch. 

Accompanying  "2nd  Geo.  Surv.  of  Pennsylvania."    "Special  Report  on  the 
Petroleum  of  Pennsylvania,"  Vol.  J.    Harrisburg,  1875. 
Black  etching,  showing  oil  region  of  Eastern  United  States  and  Canada. 

72. 

' — ^Hitehoock  and  Blake.  Die  Steinkohlenfelder  der  Yereinigten 
Staaten  von  K.  A.,  nach  der  Karte  von  Hitchcock  and  Blake. 
Maasdtab  1 :  13,500,000. 

Accompanying  ''Statistische  Uebersicht  der  Steinkohlengewinnung  in  der 
Nord-Amerikanischen  Union."  Von  Alb.  G.  Gatschet  in  New-Tork.  Peter- 
mann's  Geographische  Mittheilungen.    4°.   Vol.  XXI,  1875,  Taf.  XVI. 

73. 
t — ^Boyd  (E.  F.).    Geological  map  of  the  United  States. 

Accompanying  "Remarks  on  the  coal  measures  and  oil  produce  of  the 
United  States  of  America,  collected  during  a  visit  to  that  country  in  the 
.  autumn  of  1875."    Trans.  North  of  England  Inst.  Mining  Engrs.,  Vol.  XXV, 
Plate  XLIII,  p.  188.    Newcastle-upon-Tyne,  1876. 

A  rough  copy  of  the  map,  published  under  authority  of  Congress,  in  Francis 
A.  Walker's  statistical  atlas  of  the  United  States. 

74. 
'B-Boyd  (E.  F.).    Map  of  the  coal  fields  of  the  United  States. 

Accompanying  '<  Remarks  on  the  coal  measures  and  oil  produce  of  the 
United  States  of  America,  collected  during  a  visit  to  that  country  in  the 
autumn  of  1875."  Traus.  North  of  England  Inst.  Mining  Engrs.,  Vol.  XXV, 
Plate  XLrV.    Newcastle-upon-Tyne,  1876. 
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75. 

1876— Bradley  (F.  H.).    Geological  chart  of  the  United  States  east  of 
the  Bocky  Mountains,  and  of  Canada.    New  Haven,  1875. 

A  student's  map  in  black  etching. 

76. 

1876— Hitchcock  (G.  H.)  and  Blake  (W.  P.).    Geological  map  of  the 
United  States. 

Accompanying  *'  Special  report  of  the  Smithsonian  Institution  for  the  Cen- 
tennial.''   Washington,  1876. 
See  Hitchcock  (C.  H.)  and  Blake  (W.  P.),  1874— No.  70. 

77. 

1877— Hitchcock  (G.  H.)  and  Blake  (W.  P.).    Geological  map  of  the 
United  States. 

Accompanying  ''Atlas  of  the  United  States  and  the  world/'  by  Qaifm 
Folio.    Philadelphia,  1877. 
See  Hitchcock  (C.  H.)  and  Blake  (W.  P.),  1874— No.  70. 

78. 
1878— Batzel  (Friedr.).    Geologische  Karte  der  Yereinigten  Staaten. 

Accompanying  "  Die  Yereinigten  Staaten  von  Nord-Amerika,  Vol.  I.  p.  9-* 
Mttnohen,  1878. 
Perhaps  a  rednotion  of  3rd  issue  of  the  map  by  Hitchcock  &  Blake  f 

79. 
187ft— Kaoikriane  (J.).    Geological  sketch  of  the  United  States. 

Accompanying  "An  American  geological  railway  guide,  giving  the  geolog-^-^ 
ioal  formation  at  every  railway  station,"  p.  216.    New  York,  1^9. 
In  black  etching  and  numbers.    Very  smaU,  occupying  one  octavo  sheet. 

80. 

1879— Vivian  (A.  P.).    Geological  map  f^om  Colorado  to  the  Padilo. 
Scale  45  miles  to  the  inch. 

Accompanying  ''Wanderings  in  the  western  land."    London,  1879. 
Not  s^n.  , 

81. 

1881 — ^Hilgard  (E.  W.).    Map  illustrating  paper  on  the  tertiaiy  of  the 
Gulf  of  Mexico. 

Accompanying  ''The  later  tertiary  of  the  Qnlf  of  Mexico."    Amer.  Jonm. 
SiUiman,  3d  series,  Vol.  XXII,  Plate  m.    New  Haven,  1881. 

82. 

1881— Hitchcock  (G.  H.).    Geological  map  of  the  United  States.    Scale, 
20  miles  to  the  inch.    New  York,  1881. 

With  a  pamphlet,  a  wall  map  13  feet  long  and  8  feet  wide  ;  the  largest  geo- 
logical map  yet  published  of  the  United  Stales  and  Canada. 
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83. 

I — ^Riehardson  (Sir  John).   Map  of  the  physical  geography  and  geol* 
ogy  of  the  Arctic  regions. 

AccompanyiDg  ''Arctic  searching  expedition;  a  Joamal  of  a  boat-voyage 
through  Bnpert's  land  and  the  Arctic  Sea,  in  search  of  the  discovery  ships^ 
under  command  of  Sir  John  Frank! in.''   2  vols.    London,  1851. 

84. 

— ^blaster  (A.  K.).    Geological  sketch  map  of  the  northernmost  partB 
of  America. 

Accompanying  "On  the  geology  of  the  Hudson's  Bay  TerritorieSi  and  of 
portions  of  the  Arctic  and  north lyestem  regions  of  America.''  In  the  Joom.. 
Qeol.  Soc.  London,  Vol.  XI,  p.  497.    London,  1855. 

85. 

— ^blaster  (A.  K.).   G^logical^sketch  map  of  the  northernmost  parts 
of  America.* 

Accompanying  "On  the  occurrence  of  numerous  fragments  of  fir- wood  in 
the  lalandB  of  the  Arctic  Archipelago,  with  remarks  on  the  rock  specimens 
brought  from  that  region,"  by  Sir  Roderick  T.  Murchison.  From  the  Jonm. 
Geol.  Soc.  London,  Vol.  XI,  p.  536.    London,  1855. 

*  This  map  was  published  in  November  of  the  same  year,  to  accompany  a 
separate  issue  of  the  above-mentioned  memoir. 

86. 
^ — ^Haughton  (8.).    Discoveries  in  the  Arctic  Sea  up  to  MDOCCLIV. 

Accompanying  "Reminiscences  of  Arctic  ice  travel  in  search  of  Sir  John 
Franklin  and  his  companions,"  by  Capt.  F.  L.  McClintock.  With  geological 
notes  and  illustrations  by  Rev.  Samuel  Haughton.  Journal  of  the  Royal  Dub^ 
lin  Society,  Feb.,  1857.     Dublin,  1857. 

87. 

W  -Haughton  (S.).    Gh^ological  map  of  the  Arctic  Archipelago. 

Accompanying  "A  narrative  of  the  Discovery  of  the  fate  of  Sir  John  Frank- 
lin and  his  companions,"  by  Capt.  F.  L.  McClintock,  p.  372.    London,  1859. 
In  black  etching,  and  covering  more  ground  than  the  issue  of  1857. 
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88. 

I860 — Lieber  (O.  M.).  Sketch  showing  the  geology  of  the  coat^t  of 
Labrador.    Scale,  1 :  5,000,000. 

iiccompauyiiig  **  Notes  on  tbe  geology  of  the  coast  of  Labrador/'  by  Oscar 
M.  Lieber,  August,  1860  (sketch  No.  38).  Report  of  the  Saperintendeutof  the 
U.  S.  Coast  Survey,  showing  the  progress  of  the  snrvey  during  the  year  1860. 
4°.    Washington,  1861. 

Black  etching. 

89. 

1861 — Lieber  (O.  M.).  Die  Kiiste  von  Labrador.  Nach  den  bisherigen 
Englischen  Aufnahmen,  den  Untersuchungen  der  MissionareuDd 
handschriftlichen  Mittheilungen  von  Oscar  M.  Lieber.  Maasstiib, 
1 :  4,000,000. 

Accompanying  ^'Die  Amerikanische  astrououjiscbe  Expedition  nach  Labra- 
dor in  July,  1860."  Petermann's  Geographische  Mittheilungen,  YoL  YII, 
1861,  Taf.  IX.    4°.    Gotha,  1861. 

90. 

1874 — Bhode  (J.G.)  and  Steenstmp  (K.  J.  V.).  Geognostische  Uebersichts- 
Karte  der  Kiisten  des  Waigattes  in  Nord-Gronland.    Maasstab^ 

1 :  710,000. 

Accompanying  **  Bemerkangen  zu der Geognostischen  Uobersichts-Kartede^' 
Kttsten  des  Waigattes  in  Nord-Gronland,"  von  K,  J.  V.  Steenstrup.  (Geog^^ 
japhie  und  Esforschung  der  Polarregionen,  Nr.  89.)  Petermann's  G«(H-^ 
graphische  Mittheilungen,  Vol.  XX,  1874,  Taf.  VII.    Gotha,  1874. 

Appeared  also  in  Videnskabelige  Meddelelser  £ra  d^n  naturhistoriflki^ 
Forening  i  Kjobenhavn,  1874  and  1875,  p.  74;  and  in  the  Mineralogical  Maf^ 
azine,  Vol.  I,  p.  143.    London  and  Truro,  1877. 

91. 

1874 — Bohde  (J.  G.)  and  Steenstrup  (E.  J.  Y.).  (Geognostische  XJebersiclLtB- 
Earte  der  Kiisten  des  Waigattes  in  Nord-Gronland.) 

Accompanying  *^  Videnskabelige  Meddelelser  fra  den  natnrhistoriske  F(we- 
ning  i  Kjobenhavn,''  1874  and  1875,  p.  74.    Kjobenhavn,  1874. 
See  Rohde  (J.  G.)  and  Steenstrup  (K.  J.  V.),  1874— No.  90. 
Not  seen. 

.  92. 

1876 — ^Steenstrup  (E.  J.  Y.).    Geognostisk  Eaart  over  en  Del  af  Jolim- 
ehaabs  Distrikt  i  Syd-Groenland. 

Acoompanying  **  A.  Expeditionen  til  Julianehaabs  Distrikt  i  1876."  Hed- 
delelser  om  Groenland,  Andet  Hefte,  p.  112.    Kjobenhavn,  1881. 

93. 

1877 — Rdhde  (J.  G.)  and  Steenstrup  (E.  J.  Y.).  Geognostische  Uebersiehts- 
Earte  der  EUsten  des  Waigattes  in  Nord-Gronland*. 

Accompanying  ''The  Mineralogical  Magazine," Vol.  I,  p.  143.  "On  the 
non-meteoric  origin  of  the  masses  of  metallic  iron  in  the  basalt  of  Diako, 
Grci^nland.''  Selected  and  translated  from  the  original  Danish  paper  by 
K.  J.  V.  Steenstrup,  by  J.  G.  Rohde,  traveling  companion  to  the  author  on  his 
expedition  in  1872.    London  and  Truro,  1877. 

In  the  copy  seen  there  is  no  map. 
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94. 

rS— Feilden  (H.  W.)  and  De  Bance  (0.  E.).    Sketch  map  showing  the 
geology  of  Grinnell  Land  and  the  neighboring  regions.    . 

Accompanying  "  Geology  of  the  coasts  of  the  Arctic  lands  visited  by  the 
late  British  expedition,  under  Captain  Sir  George  Kares.''  Jonm.  GeoL  Soo. 
London,  Vol.  XXXIY,  p.  556.    London,  1876. 

Black  etching. 

86. 

)7>-Komenip  (A.).    Geologisk  Kaartskizze  over  Kystlandet  fra  God* 
thaab  til  Tiningnertok: 

Accompanying  ''Geologiske  lagttagelser  fra  Yestkysten  af  Groenland.'^ 
Meddelelser  om  Groenland,  Foerst  Hefte,  Kaart  B.    ^obenhayn,  1879. 

96. 

V — ^Kornenip  (A.).    G^logisk  Kaartskisse  over  Gn^sens  Strygnings- 
liiyer  fira  Slangatsiak  til  Holstensborg. 

Aocompanying  "  B.  Expeditionen  til  Holstensboigs  og  Egedeamindes  Dia- 
tiikter  11879."   Meddelelser  omGxoenlandyAndetHefte,  p.  149.  lyobenhayn^ 

m. 
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97. 
1881— Ck)niiaok  (W.  E.).    Map  of  Newfoandland. 

Accompanying  ''  Account  of  a  Journey  acroBS  the  island  of  Newfound 
Edinbnrgh  Philosophical  Journal,  Vol.  X,  Plate  VI,  page,  166.  Edinl 
1824. 

Black,  with  geological  indications. 

98. 

1842 — ^Boimyoastle  (Sir  Richard  H.).    ^Newfoundland,  in  1842,  consi 
in  its  geological  and  statistical  relations. 

Acompanying  **  Newfoundland  in  1842."    2  vols.    12^.    London,  184 
Black,  with  geological  indications  and  notes. 

Jukef  has  priority  of  Bonnycastle,  who  took  advantage  of  and  copied 
official  report  to  the  Newfoundland  Government. 

99. 
1842— Jukes  (J.  B.).    Map  of  the  island  of  If ewfoondland. 

Accompaning  *' Excursions  in  and  ahout  Newfoundland  during  th 
1839  and  1840,"  by  J.  B.  Jukes.    2  vols.    London,  1842. 
Black,  with  geological  inscriptions  and  signs. 
See  Jukes  (J.  B.),  1843— No.  100. 

100. 

1848— Jukes  (J.  B.^    Map  of  the  island  of  Newfoundland  (geolo| 
colored). 

Accompanying  ''  General  report  of  the  geological  survey  of  Newfoo 
during  the  years  1839  and  1840."    London,  1843. 

About  a  quarter  of  the  whole  island  is  colored  geologically;  the  res 
in  blank,  as  unknown.  An  important  work.  The  same  map,  but  not 
ically  colored,  only  with  the  geological  inscriptions  and  signs,  accoo 
"  Excursions  in  and  about  Newfoundland  during  the  years  1839  and  18 
J.  B.  Jukes.    In  two  volumes.    London,  1842. 

101. 

1866— Mturray  (Alex.).    Plan  of  Belvie  Bay  (Ifewfoundland).    S( 
miles  to  1  inch. 

Accompanying  ''Report  on  the  geology  of  Newfoundland  for  1865,' 
Montreal,  1866. 
Black,  with  geological  indications. 
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102. 

O-Kurray  (Alex.).    Map  of  an  exploration  of  the  Bay  East  Biver, 
lilewfoaiidlaud.    Scale,  4  statute  miles  to  1  inch. 

Accompanying  "Report  upon  the  geological  sarvey  of  Newfoandland  for 
the  year  1870.''    St  Jolin's,  Newfonndland,  1870. 
Black,  with  geological  indications. 

103. 

t78— Murray  (Alex.).    Geological  map  of  Newfoundland.    London, 
1873.    . 

The  first  complete  geological  map  of  the  whole  island.  No  date  of  pablioa- 
tion  on  the  map ;  bnt  a  small  explanatoiy  tract  or  label  attached  to  it  says 
July,  1873. 

104. 

t — ^Murray  (Alex.)  and  Howley  (J.  P.).    Map  showing  the  distribu- 
tion of  the  coal  formation,  &c.,  St.  Oeorge's  Bay,  Newfoundland. 

AccoEcpanying  *^  Report  of  progress  for  the  year  1873,  Geological  sorvey  of 
Newfoundland."    Montreal,  1873. 
Black,  with  dotted  lines  and  geological  indications. 

106. 

~-Gilpin  (E.).    Sketch  of  the  Carboniferous  district  of  St.  George's 
Bay,  Newfoundland. 

Accompanying  **  Notes  on  the  Coalmeasnres  and  lower  Carboniferons  strata 
of  Western  Newfoundland."  Trans.  North  of  England  Inst.  Mining  Engrs., 
YoL  XXIII,  Plate  XXXY.    Newcastle-npon-Tyne,  1874. 

Black  etching  and  geological  indications. 

106. 

k-^Korray  (Alex.).    Map  of  Gander  Biver  and  Lake.    Scale,  4  miles 
to  1  inch. 

Accompanying  "Geological  surrey  of  Newfoundland;  report  of  progress 
for  the  year  1874."    St.  John's,  Newfoundland,  1875. 
Black,  with  geological  indications. 

107. 

array  (Alex.)  and  Howley  (J.  P.).  Map  showing  the  distribution 
of  the  Silurian  and  Carboniferous  formation,  &c.,  in  St.  George's 
and  Port  &  Port  Bays,  Newfoundland.    Scale,  4  miles  to  1  inch. 

Accompanying  '^Geological  survey  of  Newfoundland;  report  of  progress  for 
fn  the  year  1874."    St.  John's,  Newfoundland,  1875. 
Black,  with  dotted  lines  and  geological  indications. 

108. 

'79)— Murray  (Alex.)  and  Howley^  (J.  P.)    Geological  map  of  New- 
foandland.   London  (1879). 

There  is  no  date  of  publication  on  the  map.  I  received  a  copy  from  the 
author  in  July,  1880. 
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100. 

1881 — Knrray  (Alex.)  and  Howley  (J.  P.)  Peninsiila  of  Avalon^  showisg 
distribation  of  formatioDS.    Scale,  4  miles  to  1  inch. 

Acoompanying  "  Geological  survey  of  Newfoundland ;  report  of  prognn 
for  the  year  1881/'    St.  John's,  Newfoundland,  1882. 
A  large,  important  geological  map  of  the  eastern  part  of  the  ialand. 

110. 

1881 — ^Howley  (J.  P.).  Section  map  showing  the  cormgation  effecting 
the  stratification  of  the  Horonian  formation  near  Brigns,  Concep- 
tion Bay.     Scale,  4  inches  to  1  mile. 

Acoompanying  '' Geological  survey  of  Newfoundland;  report  of  progna 
to  the  year  1881.      St.  John's,  Newfoundland,  1888. 

(88) 
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111. 

18— Jftekflon  (G.  T.)  and  Alger  (FraDcis).    A  geological  map  of  part  of 
Nova  Scotia.    Scale,  10  miles  to  |  of  an  inch. 

Accompanying  ''A  description  of  the  mineralogy  and  geology  of  a  part  of 
Nova  Scotia."    Amer.  Jonrn.  Silliraan,  Vol.  XIV.    New  Haven,  1828. 

Aliio  in  the  Memoirs  of  the  American  Academy  of  Science,  18^.  4^.  Cam- 
bridge. 

112. 

IS^Baddeley  (F.  F.).  Outline  of  the  Magdalen  Islands,  with  geolog- 
ical notes. 

Accompanying  ''On  the  Magdalen  Islands."  In  Trans.  Lit.  and  Hist.  Soc 
Qoebec.    Vol.  II.    Quebec,  lb36. 

113. 

i — Jackson  (O.  T.)  and  Alger  (Francis).  A  geological  map  of  part 
of  Nova  Scotia.    Scale,  10  miles  to  |  of  an  inch. 

Accompanying  "A  description  of  the  mineralogy  and  geology  of  a  part  of 
Nova  Scotia.''  Memoirs  of  the  American  Academy  of  Science.  4to.  1832. 
Cambridge,  18:^2. 

See  Jackson  (C.  T.)  and  Alger  (Francis),  1828— No.  111. 

114. 

t — Oemer  (Abraham).  A  new  map  of  Nova  Scotia  and  Gape  Bre- 
ton, Prince  Edward  Island,  and  part  of  New  Brunswick. 

Accompanying  *'  Remarks  on  the  geology  and  mineralogy  of  Nova  Scotia,'' 
by  A.  Gesner.     Halifax,  1836. 
No  author's  name  on  the  map. 

115. 

^ — Jaokson  (G.  T.)  and  Alger  (F.).  A  new  pocket  map  of  the  penin- 
sula of  Nova  Scotia,  intended  as  a  topographical  guide,  also  to 
illustrate  its  geological  structure.    (Boston),  1841. 

No  place  of  pablication  is  given,  but  Boston  is  nndonbtedly  the  place  «ad 
Francis  Al^r  was  the  editor. 

116. 

ft— Oener  (Abraham).    Geological  map  of  Nova  Scotia. 

Accompanying  **  On  the  geology  of  Cape  Breton,"  by  Bichard  Brown,  and 
"  In  the  lower  carboniferous  rooks  or  gypsiferons  formation  of  Nova  SootU,*^ 
by  J.  W.  Dawson.    Jonrn.  Oeol.  Soc.  Loudon,  Vol.  I,  p.  23.    London,  164&. 

See  Dawson  (J.  W.),  1845— No.  119. 
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117- 


( Abraham).    Geological  map  of  Nova  Scotia. 

Acoompsnying  '*A  geologieal nutpof  KoTa  Scotia";  also,  "On  the  ge 
C^e  Breton,"  by  Richard  Brown,  and  '*  On  the  lower  carbniferoos 
KoTa  Scotia,"  by  J.  W.  Dawson.  Proceed,  of  the  Geol.  Soc  of  Lend 
TI,  pp.  186,  2G9,  and  272."    London,  1846. 

A  part  of  the  map  was  colored  by  Messrs.  R.  Brown  and  J.  W.  ] 
and  thrt  geological  map  by  C.  T.  Jackson  and  Alger  of  1828  was  nsed. 

118. 

(J.  W.).    Geological  map  of  part  of  I^ova  Scotia. 

Accompanying  ''On  the  newer  coal  formation  of  the  eastern  part 
Scotia."    Jonm.  Geol.  Soc  London,  Vol.  I,  p.  322.    London,  1845. 
See  Dawaon  (J.  W.),  1845— No.  119. 

119. 

1845 — ^DawBon  (J.  W.).    Geological  map  of  part  of  Nova  Scotia. 

Accompanying  "  On  the  newer  coal  formation  of  the  eastern  part 
Scotia."    In  Proceed,  of  the  Geol.  Soc.  of  London,  Yol.  lY,  p.  504. 
1846. 

This  map  and  A.  Gesner's  geological  map  of  Nova  Scotia  were  issue 
first  in  Vol.  IV  of  the  Proceedings  and  then  in  Vol.  I  of  the  Jonmi 
Geological  Society.  No  explanation  is  given  of  the  double  issue  of  n 
of  the  accompanying  memoirs. 

120. 

1847 — ^Dawson  (J.  W.).     Map  and  sections  of  new  red  sands! 
Nova  Scotia. 

Accompanying  "On  the  new  red  sandstone  of  Nova  Scotia.''    Jon: 
Soc.  London,  Vol.  IV,  p.  50.    London,  1848. 
Black  etching. 

121. 

1848— Taylor  (B.  C).    Map  of  the  New  Brunswick,  Nova  Scotii 
Breton,  and  Newfoandland  coal  fields. 

Accompanying  "  Statistics  of  coal/'  p.  208.    Philadelphia^  1848. 

122. 
I860 — Bobb  (J.).    Geological  map  of  New  Brunswick. 

Accompanying  '*  Report  on  the  agricultural  capabilities  of  the  pr< 
New  Brunswick,"  by  James  F.  W.  Johnston.    Fredericton,  1850. 

The  main  sources  of  information  for  the  construction  of  this  map 
manascript  maps  by  Abraham  Gesner,  formerly  provincial  geologist. 

123. 

1851 — Jackson  (C.  T.).    A  geological  map  of  the  Albert  Goal  Mil 
the  surrounding  strata. 

Accompanying  **  Report  on  the  Albert  Coal  Mine"  (New  Brunswick 
ton),  1831. 
Black,  with  geological  indications. 
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124. 

5— Dawson  (J.  W.).  Geological  map  of  I^ova  Scotia,  Prince  Edward 
Island,  and  part  of  Kew  Brunswick. 

Accompanying  *' Acadian  geology:  an  account  of  tbe  geological  straotnre 
and  mineral  resources  of  Nova  Scotia  and  portions  of  the  neighboariug  proY- 
luces  of  British  America."    Edinburgh,  1855. 

The  first  edition  of  an  important  geological  map  and  work. 

125. 
9— Dawson  (J.  W.).    No  title. 

Accompanying  "On  the  Silurian  and  Devonian  rocks  of  Nova  Sootia.'' 
The  Canadian  Naturalist  and  Geologist,  Vol.  Y,  p.  133.    Montreal,  1860. 
Black  etching. 

126. 

V 

i — ^Matthew  (O.  F.).  Map  of  the  yicinity  of  St.  John,  New  Bruns- 
wick. 

Accompanying  '' Observations  on  the  geology. of  St.  John  County,  New 
Brunswick."    The  Canadian  Naturalist  and  Geologist,  p.  8,  Montreal,  1863. 
Black  etching. 

127. 

ft:— Bailey  (L.  W.).  Geological  map  of  the  Tobiqne  and  Nepisiquit 
BiverSy  New  Brunswick. 

Accompanying  '*  Notes  on  the  geology  and  botany  of  New  Brunswick." 
The  Canadian  Naturalist  and  Geologist,  new  series,  Vol.  I,  p.  81.  Montreal, 
1854. 

Black  etching. 

128. 

^—Bailey  (L.  W.)  and  Matthew  (G.  F.).  Geological  map  of  the  conn- 
ties  of  St.  John,  Elings,  Qaeens,  and  Albert,  New  Brunswick, 
showing  the  position  and  extent  of  each  formation,  from  theOar- 
boniferous  basin  to  the  coa«t. 

Accompanying  '*  Obserrationson  the  geology  of  Southern  New  Brunswick, 
made  principally  during  the  summer  of  1864,"  by  L.  W.  Bailey,  George  F. 
Uatthew,  and  C.  F.  Hart.    Frederioton,  1865. 

An  important  map  and  memoir. 

129. 

<*-Bailey  (L.  W.)  and  Katthew  (G.  F.).  Geological  map  of  the  conn- 
ties  of  St.  John,  Kings,  Queens,  and  Albert,  New  Brunswick, 
Rhowing  the  position  and  extent  of  each  formation,  from  the  Oar- 
boniferous  basin  to  the  coast. 

Accompanying  **  On  the  Azoic  and  Paleozoic  rocks  of  Southern  New  Bruns- 
wick." by  by  G.  F.  Matthew.  Journ.  Geol.  Soc.  London,  Vol.  XXI,  p.  422. 
Loudon,  1865. 

Black  etching. 
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130. 

1866— Bailey  (L.  W.).    Geological  map  of  Graud  Manan. 

Accompaoymg  '*  On  the  physiography  and  geology  of  the  isUui 
Manan"  (New  Branswiok).  The  Canadian  Naturalist  and  Geolog 
p.  43.    Montreal,  1865. 

Black  etching. 

131. 

1886 — ^Hedley  (Edward).  Geological  map  of  the  province 
Scotia,  iDcluding  the  island  of  Cape  Breton. 

Accompanying  '*  On  the  iron  mines  and  iron  mannfactnre  of  N< 
Trans.  North  of  England  Inst.  Mining  Engrs.,  Vol.  XIV,  Plate  I,  i 

Newcastle-upon-Tyne,  1865. 

132. 
1866 — Honeyman  (D.).    (Geological)  map  of  Antigonish  Conn 

Accompanying  "Geology  of  Antigonish  Connty,  Nova  Scotia, 
and  Trans,  of  the  Nova  bcotian  Institute  of  Natural  Sciences  of  Hf 
Scotia.    Vol.  I,  p.  106.    Halifax,  1867. 

133. 
1868 — ^Dawson  (J.  W.).    Sketch  map  of  Pictoa  coal  district. 

Accompanying  ''Acadian  geology,"  2d  edition,  p.  320.    London, 
Black  etching  and  inscriptions. 

134. 

1868— Dawson  (J.  W.).    Map  of  Gape  Breton  coal  fields. 

Accompanying  ''Acadian  geology,"  2d  edition,  p.  413.    London, 

Black  etching  and  inscriptions. 

These  two  maps  of  Dawson  are  copied  in  hlaok  etching,  on  a  re 
wood  cnts,  in  "  Coal  regions  of  America,"  by  James  Maofarlane, 
1873. 

135. 

1868 — Dawson  (J.  W.).  Geological  map  of  Nova  Scotia,  Ife 
wickj  and  Prince  Edward's  Island.    Scale,  25  miles  to 

Accompanying  "Acadian  geology,"  2d  edition  and  3d  edition 
1868  and  187a 

136. 

1869— Bobb  (Charles).  Sketch  map  of  the  counties  of  York, 
and  part  of  Victoria,  province  of  New  Branswick.  Sea! 
to  1  inch. 

Accompanying  "  Geological  snrvey  of  Canada.     Report  of  pn 
1866  to  1869,"  p.  173.    Montreal,  1870. 
Black,  with  geological  indications. 
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137. 

rO— Hind  (H.  Y.).    Sketch  maps  from  the  Atlantic  at  Halifax  to  the 
St  Lawrence* 

Accompanying  '<0n  two  Gneissoid  series  in  Nova  Scotia  and  New  Brans- 
wick,  supposed  to  be  the  equivalent  of  the  Hnronian  and  Lanrentian."  Joonu 
Geol.  Soc.  London,  Vol.  XXVI,  p.  478.    London,  1870. 

Three  sketches  in  black  etchings. 

138. 

rO— Logan  (Sir  W.  E.),  and  Hartley  (E.).  (Geological  map  of  the  Picton 
coal  field,  province  of  Nova  Scotia.    Scale,  1  inch  to  A  mile. 

Accompanying  ''Geological  survey  of  Canada,  report  of  progress  from  186S 
to  1869,"  p.  3.    Montreal,  1870. 

139. 

rO-Rntherford  (John).    Map  of  Nova  Scotia,  showing  the  Carbonif- 
erous formation  and  position  of  the  coal  fields. 

Accompanying  "The  coal  fields  of  Nova  Scotia.'*  Trans.  North  of  England 
Inst.  Mining  Engrs.,  Vol.  XIX,  Plate  XXV,  p.  114.  Newcastle-upon-Tyne, 
1870. 

Black  etching. 

140. 

70-»Bntherford  (John).    Map  of  portion  of  the  Pictou  coal  field. 

Accompanying  '*  Tho  coal  fields  of  Nova  Sootia."  Trans.  North  of  England 
Inst.  Mining  Engrs.,  Vol.  XIX,  Plate  XXVII,  p.  122.  Newcastle-upon-Tyne, 
1870. 

Black,  with  geological  indications. 

141. 

1— -Brown  (Bichard).    Geological  map  of  Oape  Breton. 

Accompanying  "The  coal  fields  and  coal  trade  of  the  Island  of  Cape 
Breton."    Frontispiece.    London,  1871. 

142. 

71< — ^Brown  (Bidiard).    Map  of  the  Sydney  coal  field. 

Accompanying  "The  coal  fields  and  coal  trade  of  the  Island  of  Cape 
Breton,"  p.  166.    London,  1871. 

143. 

'1 — Dawson  (J.  W.).    Geological  map  of  Prince  Edward  Island. 

Accompanying  "Report  on  the  geological  structure  and  mineral  resoaroes 
of  Prince  Edward  Island,"  by  J.  W.  Dawson,  assisted  by  B.  J.  Harrington^. 
Montreal,  1871. 

144. 

^'fS^Dawson  (J.  W.).    Sketch  map  of  Picton  coal  district. 

Accompanying  "Coal  regions  of  America,"  by  James  Maofarlane.    New 
York,  1873. 
Black  etching.    A  reduction  of  Dawson's  map  of  1868. 
See  Dawson  (J.  W.),  1868— No.  133. 
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145. 

1873— Dawson  (J.  W.).  .  Map  of  Gape  Breton  coal  flold. 

Accompanying  ''Coal  regions  of  America,''  by  James  Macfarla 
York,  ia73. 
Black  etching.    A  redaction  of  Dawson'H  map  of  1868. 
See  Dawson  (J.  W.),  1868— No.  134. 

146. 

1873 — Gilpin  (E.).  Picton  coal  field.  Scale,  two-thirds  of  an  in 
one  mile. 

Accompanying  ''The  Picton  coal  field."  Trans.  North  of  Eng 
Mining  Engrs.,  Vol.  XXII,  Plate  XXXIII,  p.  139.  Newcastle-n 
1873. 

Black  etching  and  geological  indications. 

147. 
1876 — Gilpin  (E.).    Sketch  map  Sydney  coal  field  from  admiralt; 

Accompanying  "The  submarine  coal  of  Cape  Breton,  Nova  Scotia 
North  of  England  Inst.  Mining  Engrs.,  Vol.  XXIY,  Plate  XXXIY. 
tle-npon-Tyne,  1875. 

Black  etching. 

148. 

1876 — Bobb  (G.)  and  Pleteher  (H.).  Geological  map  of  Gape  '. 
district,  Gape  Breton,  Nova  Scotia.  Scale,  four  incl 
mile. 

Accompanying  "Report  on  explorations  and  surveys  In  Cap 
Nova  Scotia."  Geological  Snrv.  of  Canada;  report  of  progress  fo 
p.  251.    Montreal,  18J^. 

149. 

1876— Bobb  (G.)  and  Pletoher  (H.).  Geological  map  of  the  Syd 
field.  Gape  Breton,  Nova  Scotia.    Scale,  one  inch  to  a  u 

Accompanying  "Report  of  explorations  and  surveys  in  Cape  Br 
Scotia,"  by  H.  Fletcher.  Geol.  Snrv.  Canada;  report  of  progress  fc 
p.  418.    Montreal,  1877. 

150. 

1876— Bontledge  ( W.).  Goal  area  map  or  plan  of  the^Sydney  c 
Gape  Breton  Connty,  Nova  Scotia. 

Accompanying  "Notes  on  the  Sydney  coal  field  in  the  Island  of  Ca 
British  North  America."  Trans.  North  of  England  Inst.  Mining  £ 
XXIV,  Plate  XXXVI.    Newcastle-npon-Tyne,  1875. 

151. 

1876— Bailey  (L.  W.)  and  Ells  (R.  W.).  Geological  map  of  \ 
carbouiferons  rocks  of  Albert  and  Westmoreland  Goant 
Brunswick,  showing  the  distribntion  of  the  Albert  shales 
one  inch  to  a  mile. 

Accompanying  "Report  on  the  lower  carboniferons  belt  of  j 
Westmoreland  Connties,  N.  B.,  including  the  'Albert  shales.'"  ( 
Canada;  report  of  progress  for  1876-^77,  p.  351.    Montreal,  1838. 
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162. 

Ig78— EUb  (R.  W.).  Map  shewing  the  distribntioii  of  iron  ores  of  Oarle- 
ton  County,  ISew  Brunswick. 

Accompanying  ''  Report  on  tbe  iron  ore  deposits  of  Carleton  Connty,  New 
Brunswick.''  Geol.  Sorv.  Canada;  report  of  progress  for  1674-'75,  p.  97. 
Montreal,  1876. 

Black,  with  geological  iudications. 

153. 

1878— Fletoher  (H.).  Geological  map  of  part  of  Gape  Breton,  Kova 
Scotia,  from  North  Sydney  and  Sydney  Biver  to  Great  Bras  d'Or 
and  St.  Anne  Harbor.    Scale,  one  inch  to  a  mile. 

Accompanying  ''Report  on  the  geology  of  part  of  the  coonties  of  Vic  tor  ia. 
Cape  Breton,  and  Richmond,  Nova  Scotia.''  Geol.  Snrr.  Canada;  report  of 
progress  for  1876-'77,  p.  456.    Montreal,  1878. 

164. 

1876 — ^Bobb  (G.)  and  Fletoher  (H.).  Geological  map  of  the  Sydney  coal 
field,  Gape  Breton,  Nova  Scotia.    Scale,  one  inch  to  a  mile. 

Accompanying  "Report  on  exploration  and  surreys  in  Cape  Breton,  Nova 
Scotia."  Geol.  Sorv.  Canada;  report  of  progress  for  1874-75,  p.  266.  Mon- 
treal, 1875. 

155. 

1877 — Gilpin  (E.).  Geological  map  of  Nova  Scotia,  shewing  relative 
positions  of  the  iron  ores,  limestones  and  coal  fields,  based  on 
the  geological  map  prefixed  to  second  edition  of  Dr.  Dawson's 
Acadian  Geology. 

Accompanying  '*  The  iron  ores  of  Nova  Scotia."  Trans.  North  of  England 
Inst.  Mining  Engrs.,  Vol.  XXVI,  Plate  IX.    Newcastle-npon-Tyne,  1877. 

156. 

1877 — Gilpin  (E.).  Geological  map  of  part  of  Pictou  Gonnty,  Nova 
Scotia,  from  surveys  of  Sir  William  Logan  and  the  writer. 

Accompanying  "  The  iron  ores  of  Nova  Scotia."  Trans,  north  of  England 
Inst.  Mining  Engrs.  Vol.  XXVI,  Plate  VIll.    Newcastle-npon-Tyne,  1877. 

157. 

*®^B— Dawson  (J.  W.).  Geological  map  of  Nova  Scotia,  New  Brunswick, 
and  Prince  Edward's  Island.    Scale,  25  miles  to  the  inch. 

Accompanying  ''Acadian  geology,"  3d  edition.    London,  1878. 

The  map  is  precisely  the  same  as  that  in  the  2d  edition,  published  in  1668. 

See  Dawson  (J.  W.),  1868-No.  135. 

158. 

^^'B — ^Fletoher  (H.).  Geological  map  of  part  of  Gape  Breton,  Nova 
Scotia,  to  illustrate  Beport  for  1877-^.    Scale,  one  inch  to  a  mile. 

Accompanying  "  Reports  of  explorations  and  surveys  in  Cape  Breton,  Nova 
Scotia."  Geol.  Sarv.  Canada;  report  of  progress  for  ld77-'78,  atlas.  Mon- 
treal, 1879. 
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169. 


(L.  W.),  Matthew  (G.  F.),  and  Ells  (E.  W.).    Province  ol 
New  Brunswick.    Scale,  4  miles  to  one  inch,  or  1:253,440. 

AcoompaDying  ''Report  on  the  geology  of  sonthern  New  Bronswick, 
bracing  the  counties  of  Charlotte,  Sonbury,  Qneens,  King,  BU  John,  and 
bert."    Geol.  Sott.  Canada;  report  of  progress  for  1878-^9.    Montreal, 

The  Bonthem  part  of  New  Brnnswick,  No.  1,  in  three  sheets,  Nos.  1, 8. 
1,  S.  E.,  and  1,  N.  £. 

This  map  is  remarkably  well  executed. 

160. 

1881 — Gilpin  (Edwin).  Sketch  map,  approximate  distribntion  of  the 
boniferons  series  of  Nova  Scotia  and  New  Bronswick. 

Accompanying  "  The  gypsum  of  Nova  Scotia."    Tians.  North  of  rn|[li^^»(i 
Inst.,  Mining  Engis.,  Vol.  XXX,  Plate XII,  p.  68.    Nawcastie-upon-Tyne,  ] 
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-CAKADA  PROPBR.  COMPRI8INO  THE  PROVINCS  OP  QURBBC 
(ARTICOSTI  ISLAND)  OR  LOWER  CANADA  OR  BA8T  CANADA, 
AND  THE  PROVINCE  OP  ONTARIO  OR  X7PPER  CANADA  OR 
WEST  CANADA. 

161. 

B— Baddeley  (F.  F.).    Sketch  of  the  river  Sagaenay  and  Lake  St. 
John,  to  which  are  added  a  few  geognostical  notes. 

Accompanying  ''Geognosy  of  apart  of  the  Sagaenay  conntry.''    In  Trana. 
Literary  and  Historical  Soo.,  Quebec,  Vol.  I.    Quebec,  1829. 
Black,  with  geological  indications. 

162. 

2 — ^Logan  (W.  E.).    Oeological  map  of  a  part  of  Oanada. 

Accompanying  **  On  the  foot-prints  occurring  in  the  Potsdam  sandBtona 
of  Canada."    Joum.  Qeol.  Soc.,  London,  Vol.  YIII,  p.  199.    London,  1862. 
This  map  is  of  a  part  of  Canada  East. 

163. 

B— Bigtby  (J.  J.)-    Oeological  map  of  the  vicinity  of  Qaebec. 

Accompanying  **  On  the  geology  of  Quebec  and  its  enviiona.''    Jonm. 
Geol.  Soc.,  London,  Vol.  IX,  p.  83.    London,  1853. 
Black  etching. 

164. 


(W.  £.).  Plan  showing  the  distribution  of  crystalline 
limestones  of  the  Lanrentian  series,  between  Orenville  and  Baw* 
don.    Scale,  3  miles  to  an  inch. 

Accompanying  "  Geol.  Burr.  Canada ;  reports  of  progress  for  the  yean 


1863-66",  p.  38.    Toronto,  1867. 


165. 


B— Biohaidion  (James).    Plan  of  the  Island  of  Anticosti.    Scale,  9 

miles  to  an  inch. 

Accompanying  ''Geol.  Snrv.  Canada;   report  of  progress  for  the  yean 
1853-56",  p.  234.    Toronto,  1867. 

Black,  with  dotted  lines,  letters,  and  indications. 

166. 

^7-^Kiiiray  (Alex.).  Plans  of  Bonne  Ohtoe,  Madawaska,  and  Sha- 
washkong  Bivers,  and  soorces  of  the  Ottonabee.  Scale,  80  chains 
to  an  inch. 

Accompanying  ''Geological  Reports  of  Canada  for  1863,  '64,  '66,  '66."    Grand 
folio  atlas.    Toronto,  1857. 
In  four  sheets.    Black,  with  geological  indications. 
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107. 

1867 — Murray  (A.)  and  Logan  (W.  E.).  Plans  shewing  explon 
the  north  shore  of  Lake  Haron  and  thence  eastward  tx 
tawa.    Scale,  80  chains  to  an  inch. 

AccompaDying    ^*  Geographical  Reports  of  Canada  for  1853,  '54 
Grand  folio  atlas.    Toronto,  1857. 
In  eleven  sheets.    Black,  with  geological  indications. 

108. 

1867 — Murray  (A.)  and  Logan  (W.  E.)-  Plans  shewing  explora 
tween  the  east  shore  of  Lake  Huron  and  the  Ottawj 
Magauutawan  River,  and  Muskoka  and  Petewahweh 
Scale,  80  chains  to  an  inch. 

Accompanying    *' Geological  Reports  of  Canada  for  1853,  '54, 
Grand  folio  atlas.    Toronto,  1857. 
In  seven  sheets.    Black,  with  geological  indications. 

109. 

1867 — Richardson  (James).  Plan  showing  the  distribution  of 
vonian  and  Silurian  formations  in  a  part  of  Gasp6.  Scal< 
to  an  inch. 

Accompanying    *'Geol.  Surv.  Canada;    report  of  progress  foi 
1857'',  p.  270.    Toronto,  1858. 
Black,  with  dotted  lines  and  geological  indications. 

170. 

1867 — ^Richardson  (J.)  and  Barlow  (S.).  Topographical  plan  of  it 
Eiver. 

Accompanying    *'Geol.   Surv.   Canada;   report  of  progress  foi 

1857  ",  p.  92.    Toronto,  1858. 
Black,  with  geological  indications. 

171. 

1867 — Richardson  (J.).  Plan  showing  the  distribntion  of  the  La 
and  Lower  Silurian  rocks  in  the  vicinity  of  Lake  St.  Job 

Accompanying    ''Geol.  Surv.  Canada;   report  of  progress  fox 
1857",  p.  92.    Toronto,  1858. 
Black,  with  geological  indications. 

»      172. 

1868 — Logan  (Sir  W.  E.).  Plan  showing  the  distribution  of  or; 
limestone  of  the  Laurentian  series  in  the  counties  of  Ar 
and  Ottawa. 

Accompanying   '<6eol.  Surv.  of  Canada;  report  of  progress  foi 

1858  ",  p.  66.    Montreal,  1859. 
Block,  with  geological  indications. 
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173. 

(8 — Logan  (Sir  W.  E.)*    Plan  showing  the  distribution  of  the  Horon- 
ian  rocks,  between  rivers  St.  Mary  and  Missisague. 

Accompanying  ''Geol.  Surv.  Canada;  report  of  progress  for  the  year  1858  "| 
p.  104.    Montreal,  1859. 
Black,  with  geological  indications. 

174. 

(B— Bichardfon  (J.).    Plan  showing  the  distribmion  of  the  Devonian 
and  Silurian  formations  in  a  part  of  GaspS. 

Accompanying  *'QeoL  Sorv.  of  Canada;  report  of  progress  for  the  year 
mi*\  p.  170.    Montreal,  1859. 
Black,  witji  geological  indications. 

175. 

C>— Oibb  (O.  D.).    Murray's  cavern  and  subterranean  river — ^Fourth 
chute  of  the  Bonne  Ch^re  Eiver,  Ottawa. 

Accompanying  *'0n  Canadian  Caverns;"  The  Qeologist,  edited  by  J.  & 
Msckie,  Vol.  Ill,  pi.  XI.    London,  1860. 
Colored,  and  with  geological  indications. 

176. 

9 — ffibb  (G.  D.).    Basaltic  dykes  of  Meoattina. 

Accompanying  "On  Canadian  Caverns;''  The  Qeologiat,  edited  by  J.  S» 
Maokie,  Vol.  UI,  pL  YUI.    London,  1860. 
Colored,  and  with  geological  IndicationB. 

177. 
K> — Gibb  (G.  D.).    The  basaltic  caverns  of  Henley  Island. 

Aooompanying  <'0n  Canadian  Cavema;"  The  Geologist,  edited  by  J.  S» 
Mickie,  Vol.  Ill,  pi.  YIL    London,  1860. 

178. 

I^-^^bb  (G.  D.).    Caverns  and  arched  rocks  at  Perc6  Gkuspd. 

Accompanying  "On  Canadian  Caverns;"  The  Geologist,  edited  hy  J.  S. 
tfackie,  VoL  m,  pi.  VL    London,  1860. 
Colored,  and  with  geological  indications. 

179. 

(Sir  W.  E.).  Map  showing  the  distribution  of  Laurentian 
rocks  in  parts  of  the  counties  of  Ottawa,  Terrebonne,  Argenteuil^ 
and  Two  Mountains.    Scale,  7  miles  to  1  inch. 

Accompanying  "Geol.  Snrv.  Canada;  report  of  progress  from  its  oonif- 
menoement  to  1863."  Atlas  of  maps  and  sections,  with  an  introduction  and  ap- 
pendix. Geological  maps  II.    Montreal,  1865. 

(49) 
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180. 

1862— Logan  (Sir  W.  E.).  Plan  showiug  the  distribution  of  lii 
conglomerates  in  the  Quebec  group,  of  Point  L^vis. 

Accompany  log  '^Geol.  8arv.  Canada;  report  of  progress  from 
mencemeut  to  1863."  Atlas  of  maps  and  sectionsi  with  an  introdactioi 
pendix.    Geological  maps  Y.    Montreal,  1865. 

Black  etching. 

See  Iiogan  (Sir  W.  E.),  186^— No.  181. 

181. 

1862. — Logan  (Sir  W.  E.).  Plan  showing  the  distribution  of  lii 
conglomerates  in  the  Quebec  group  at  Point  L^vis. 

^        Accompanying  *^  Letter  addressed  to  Mr.  Joachim  Barrande,  on  th< 
the  Quebec  group  at  Point  L^vis,"  in  The  Canadian  Naturalist  and  ( 
May  and  June,  1863.    Vol.  YIII,  p.  163.    Montreal,  Jane,  1863. 
Black  etching. 

182. 

1863 — Marcou  (Jules).  Plan  des  gisements  des  leutilles  doloc 
dans  les  schistes  Taconiques  de  la  PointeL6vis,  au  Canad 
18G3. 

Accompanying  ^'Notice  sar  les  gisements  dea  lentilles  trilobitifer 
ques  de  la  Pointe  L^vis,  an  Canada."  Ball.  Soc.  g6ol.  France,  2"  s 
XXI,  p.  236.    Paris,  1864. 

Black  etching. 

183. 

1866 — Logan  (Sir  W.  E.).  Map  showing  the  distribution  of  vai 
perficial  deposits  between  Lake  Superior  and  Gasp^.  Sc 
miles  to  the  inch. 

Accompanying   ''Geol.  Surv.  Canada;  report  of  progress  from 
mencement  to  1863."    Atlas  of  maps  and  sections,  with  an  introdui 
appei^iz.    Geological  maps  VI.    Montreal,  1866. 

184. 

1866 — Logan  (Sir  W.  E.).  Map  showing  the  distribution  of  the  H 
rocks  between  rivers  Bachehwahnung  and  Mississagui. 
1.506,880,  or  8  miles  to  the  inch. 

Accompanying  **  Geol.  Surv.  Canada;  report  of  progress  from  itscc 
ment  to  1863."  Atlas  of  maps  and  sections,  with  an  introduction  and  f 
Geological  maps  III.    Montreal,  1865. 

185. 

1866 — Logan  (Sir.  W.  E.).    Map  showing  the  distribution  of  r< 
longing  to  the  Potsdam,  Quebec,  and  Trenton  groups,  on 
side  of  Lake  Champlain,  in  the  neighbourhood  of  the  line  1 
Canada  East  and  Vermont.    Scale,  two  miles  to  an  inch. 

Accompanying  "Geol.  Surv.  Canada;  report  of  progress  from 
mencement  to  18G3."  Altas  of  maps  and  sections,  with  an  introdn< 
apperdiK.     Geological  maps  IV.     Montreal,  1865. 
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186. 

1868 — ^Bichardflon  (James).  Map  showing  the  distribation  of  the  Lower 
Silurian  rocks  between  the  Chaudi^e  and  Trois  Pistoles  BiverSy 
soath  side  of  the  river  St.  Lawrence,  province  of  Quebec.  Scale, 
eight  miles  to  one  inch. 

Accompanying  **  Geol.  Sorv.  Canada;  report  of  progress  from  1866  to  1869 ''^ 
p.  119.    Montreal,  1870. 

187. 

1868 — Vcnnor  (H.  G.).  Map  showing  the  distribution  of  the  rock  for- 
mations in  parts  of  the  counties  of  Peterborough,  Hastings, 
Addington,  and  Froutenac,  province  of  Ontario.  Scale,  4  miles 
to  one  inch. 

Accompanying  *' Geol.  Surv.  Canada ;  report  of  progress  from  1866  to  1869'', 
p.  143.    Montreal,  1870. 

188. 

1874 — ^Vennor  (H.  G.).  Plan  of  a  portion  of  North  Burgess,  shewing  po- 
sition of  apatite  openings.    Scale,  half  a  mile  to  an  inch. 

Accompanying  **  Eeport  of  explorations  and  surveys  in  Fontenac,  Leeds,  and 
Lanark  Counties,"  Geol.  Surv.,  Canada;  report  of  progress  for  1873-74,  p. 
128.    Montreal,  1874. 

Black  etching,  and  geological  indications. 

189. 

M7S — ^Tennor  (H.  G.).  Map  of  Lanark  County  and  parts  of  Benfrew  and 
Leeds,  province  of  Ontario.  Geologically  shaded.  Scale,  4 
miles  to  one  inch. 

Acoompanying  **  Report  of  explorations  in  the  rear  portions  of  Frontenao  and 
Lanark  Counties,  etc."  G^L  Surv.  of  Canada ;  report  of  progress  for  1874- 
*75,  p.  105.    Montreal,  1876. 

190. 

^8'^ — ^Vennor  (H.  6.).  Map  of  Ottawa  County.  Scale,  4  miles  to  one 
inch. 

Accompanying-' 'Report  of  Ottawa  County."  Geol.  Surv.  of  Canada;  re- 
port of  progress  for  1876-77,  p.  320.    Montreal,  1878. 

191. 

18&4X.i)aw8on  (J.  W.).    Western  Canada, 

Accompanying  **  Lecture  notes  on  geology  and  outline  of  the  geology  of 
Canada."    Montreal,  1880. 
Black  etching. 

192. 
18®0— Dawion  (J.  W.).    Eastern  Canada. 

Accompanying  ''Lecture  notes  on  geology  and  outline  of  the  geology  of 
Cauada.''    Montreal,  1880. 
Black  etching. 
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VZL— NHW  JOXGImAJSTD,  COMPRIBXNa  BCAINS^    NBW    HAMP8HIR^> 
VBRMONT,    fiiASSACHUSETTB,   RHODE   ZSLAITO,    AND   CO! 
21SCTICUT. 

193. 

1817 — ^Hitohoook  (E.)-    A  geological  map-of  a  part  of  Massachusetts  o: 
Gonuecticat  River. 

AccompaDying  '<  Remarks  on  the  geology  and  mineralogy  of  a  section  (^^  ^ 
Massachusetts  on  Connecticut  Biver,  with  a  part  of  New  Hampshiie  ani 
Vermont.''    Amer.  Jonm.,  Sllliman.    Vol.  I.    New  York,  1819. 

194. 

1818. — ^Dana  (J.  F.)  and  Dana  (S.  L.)   A  geological  map  of  Boston  and  i 
vicinity. 

Adbompanying  <*  Outlines  of  the  mineralogy  and  geology  of  Boston  aud- 
its vicinity/'  with  a  geological  map.    Boston,  1818. 

196. 

1810— Dewey  (C).    A  geological  map  of  the  northw^t  part  of  Massa- 
chusetts.   Scale,  2  miles  to  the  inch. 

Accompanying  ''Sketch  of  the  mineralogy  and  geology  of  the  vicinity  of ' 
WiUiams  College,  WDliamstowi^,  Mass."    Amer.  Joom.,  Sllliman.    YoL  L 
New  York,  1819.^ 

196. 

1822— Hitohoook  (E.).  ^  A  geological  map  of  the  Connecticut.    Scale,  5 
miles  to  f  of  an  inch. 

Accompanying  **  A  sketch  of  the  geology,  &e.  of  the  regions  contiguous 
to  the  river  Connecticut.''  Amer.  Joum.,  Sllliman.  Vol.  VI.  New  Haven, 
1823. 

197. 

1824— Dewey  (0.).    A  geological  map  of  the  county  of  Berkshire,  Mass.^ 
and  of  a  small  part  of  the  a<^oining  States. 

Accompanying  *' A  sketch  of  the  geology  and  mineralogy  of  the  western 
part  of  Massachusetts  and  a  small  part  of  the  adjoining  States."  Amer» 
Joum.  Sllliman.    Vol.  YIII.    New  Haven,  1824. 

198. 
1824— Hitohoook  (E.)    Outlines  of  the  geology  of  Martha's  Vineyard,  &c» 

Accompanying  "Notices  of  the  geology  of  Martha's  Vineyard  and  the 
Elizaheth  Islands."  Amer.  Joum.  Silliman.  Vol.  VII,  p.  336,  Plate  lY.  New 
Haven,  1824. 

Reprinted  in  Journal  of  Science  of  the  Royal  Institution  of  London,  Febru- 
ary, 1824. 
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199. 

^— Vaah  (A.).    Geology  of  the  lei^  mines  and  veins  of  Hampshire 
County,  Massachusetts.    Scale,  3  miles  to  an  inch. ' 

.  Aocompanying  "  Notices  ol  the  lead  minea  and  veins  of  Hampshire  Coontyi 
UaBsaohnsettfl,  and  of  the  geology  and  mineralogy  of  that  region."  Amer. 
Jonr.  8illiman.    Vol.  XII,  p.  270.    New*  Haven,  1827. 

200. 

IBS^Hitohooek  (E.).    A  geological  map  of  Massachusetts.    Scale,  6 
miles  to  three-quarters  of  an  inch. 

Accompanying  ''Beport  on  the  geology  of  Maaeachnsette  under  the  direc- 
tion of  the  government  of  that  State."  Amer.  Joor.  Silliman.  Yol.  XXIT. 
New  Haven,  1833. 

Ib  also  pnblished  separately. 

201. 
BSS — ^Hitchcock  (E.).    A  geological  map  of  Massachusetts. 

Accompanying  "Report  on  the  geology,  mineralogy,  ^^.,  of  Massachuietti^ 
with  an  atlas  in  40  of  plates."    Plate  I.    Amherst,  1853. 

202. 

B87 — ^ffitchoook  (E.).    G^logy  of  Portland  and  its  vicinity. 

Accompanying  "Sketch  of  the  geology  of  Portland  and  its  vicinity,"  in 
Boston  Jonrnal  of  Natoral  History,  YoL  I,  p.  360.    Boston,  1637. 

The  copy  seen  of  this  map  has  not  heen  colored;  there  are  merely  a  few 
black  etchings  on  it. 

203. 

MO — Jackson  (GL  T.).    A  geological  map  of  Bhode  Island.    Scale,  3 
miles  to  an  inch. 

Accompanying  "  Report  on  the  geological  and  agricnltoral  snrvey  of  the 
State  of  Rhode  Island."    Providence,  1840. 

204. 

^ — ^Hitehooek  (E.).   A  geological  map  of  Massachusetts.   Fourth 
edition. 

Accompanying  **  Final  report  on  the  geology  of  Hassachnsetts,"  YoL  I, 
Plate  52.    Frontispiece.    4^^.    Northampton,  1841. 

The  author  calU  it  an  ''Index  to  a  G^logical  Map  of  the  State";  and  adds: 
'' Whenever  the  large  map  shall  be  completed,  and  the  government  wish,  I 
shall  be  ready  to  color  it  geologically."  The  larger  map  was  published  in 
1844,  under  the  title,  '*  Geological  map  of  Massachusetts,  made  by  order  of 
the  legislature."  Scale,  5  miles  to  an  inch,  1 :  316,800.  It  is  placed  at  the 
left  hand  lower  comer  of  the  large  topographical  map  published  by  the 
Ie)(islnture.    Boston,  1844. 

205. 
lM2-^Perciyal  (J.  G.).    A  geological  map  of  Connecticut. 

Accompanying  **  Report  on  the  geology  of  the  State  of  Connectiont.''    New 
Haven,  1842. 
Black,  with  the  outlines  of  the  formations  and  letters. 
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206. 

1M4 — ^Hitohcook  (£.)•     Geological  map  of  Massachnsetts 
order  of  the  legislature.    Scale,  5  miles  to  an  inch,  or : 
Boston,  1844.  * 

It  is  placed  at  the  left  hand  lower  comer  of  the  largo  topogn 
published  by  the  legislature. 

See  Hitchcook  (Edward),  1841~No.  204. 

207. 

1M4 — Jaokson  (C.  T.).    A  geological  map  of  Kew  Hampshii 
C  miles  to  the  inch. 

Accompanyiug  ^*  Final  report  on  the  geology  and  mineralogy  of 
New  Hampshire."    4^.     Concord,  1844. 
Black,  with  conventional  signs  only. 

208. 

1845 — Jaokson  (C.  T.).    A  geological  map  of  New  Hampshii 
6  miles  to  the  inch. 

Accompanying  ^^  Views  and  map  illustrating  the  scenery  an< 
the  State  of  New  Hampshire. ''    Boston,  1845. 
See  Jackson  (C.  T.),  1844,  same  map^No.  207 . 

209. 

1863 — ^Hitchcock  (E.).    (Geological  map.)    Bristol  and  Bho 

coal  field. 

Accompanying  "  Report  on  certain  points  in  the  geology  of  Mas 
House  (Document)  No.  39,  p.  4.    Boston,  1853. 

No  place  or  date  of  publication  on  the  map.  It  is  the  first  gee 
printed  mechanically  in  colors  in  America,  by  A.  Sonrel,  of  Wot 
chusetts. 

210. 
1867 — Hitohcook  (E.).    Ichuo- geological  map  of  the  Connectic 

Accompanying  **  A  report  on  the  sandstone  of  the  Connect 
especially  its  fossil  foot-marks."    4^.    Plate  II.    Boston,  1858. 

211. 

1867 — Hitchcook  (E.).    Ichno-geological  map  of  the  Oonnec 
ley  (portion  in  Massachusetts). 

Accompanying  *^  Some  indications  of  recent  sensitiveness  to  nn 
ures  in  the  earth's  crust."     By  H.  P.  Walling..   Proceedings  c 
Association  for  the  advancement  of  science.    Vol.  XXVII,  p.  ] 
.   1879. 

212, 

186&-*-Hager  (A.  D.).    Geological  map  of  Plymouth,  Vermon 

Accompanying  ^'Report  on  the  geology  of  Vermont,^'  in  tw 
Vol.  II,  Plate  XVIII.    Claremont,  N.  H.,  1861. 
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213. 

|0O— Anojiymoiu  (Hitchcock,  G.  H.).  Eoad  map  of  the  island  of 
Rhode  Island  or  Aqnidneck.  Scale,  1  inch  to  the  mile.  New- 
port, (R.  I.),  1860. 

Preaented  by  the  city  of  Newport  to  the  members  of  the  American  Associa- 
tion for  the  Advancement  of  Science  August  1, 1860.    Colored  geologically.  * 

214. 

1861— Eager  (A.  D.).    Geological  map  of  the  State  of  Vermont. 

Accompanying  ''Map  of  the  State  of  Vermont  under  the  direction  of  H.  F. 
Walling;"  iu  four  sheets.  A  small  map  in  the  comer  of  the  title  sheet.  New 
York,  1861. 

215. 

861 — ^Hitchcock  (father  and  sons).  Geological  map  of  a  .part  of  Eut- 
knd  County  and  Isle  la  Motte,  Vermont. 

Accoropanying  **Roport  on  the  .Geology  of  Vermont,"  in  two  Volumes^  4to, 
Vol.  II,  Plato  VIII.    Clarem<»it,  N.  H.,  1861. 

21G. 

Wl — Hitchcock  (father  and  sons).  Geological  map  of  'Vermont,  traced 
out  and  compiled  by  the  membera  of  the  geological  survey, 
Messrs.  Edward  Hitchcock,  Edward  Hitchcock,  jr.,  Charles  H. 
Hitchcock,  and  Albert  D.  Hager.     Scale,  1 :  400,000. 

Accompanyin«^  •'  Report  on  the  geology  of  Vermont,"  in  two  volumes,  4to, 
Vol.  II.     Claremont,  N.  H..  1861. 

217. 

^l — Hitchcock  (C.  H.).  Map  of  "the  surface  geology  of  Vermont. 
Scale;  1 :  400,000. 

Accompanyiug  **  Report  on  the  geology  of  Vermont,"  in  two  volumeSi  4to, 
Vol.  II.     Claremont,  N.  H.,  1861. 

218. 

*8 — Hitchcock  (C.  H.).    Geological  map  of  Northern  Maine. 

Accompanying  "  Notes  on  the  geology  of  Maine,''  in  Proceed,  of  the  Port- 
land Society  of  Nat.  Hist.,  Vol.  I,  Part  I.,  p.  84.    Portland,  1862. 
Black  etching  and  p;eological  indications. 
See  Hitchcock  (C.  H.),  1862— No.  219. 

219. 

*8 — ^Hitchcock  (C.  H.).    Geological  map  of  Northern  Maine. 

Accompanying  *' General  report  upon  the  geology  of  Maine,'' sixth  annual 
report  of  the  secretary  of  the  Maine  Board  of  Agriculture,  p.  318.  Aagusta^ 
1861. 

Black  etching  and  geological  indications.  The  report  is  dated  1861  and 
the  map  1862. 
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220. 

1868 — ^Hitohcook  (G.  H.).  (No  title  on  the  map.)  Geological  ma] 
conntry  between  Belfast  and  Saint  Oeorge,  west  side  of 
scot  Bay,  Maine. 

Accompanying ''  Second  annual  report  npon  the  Nat.  Hist,  and  Qi 
the  State  of  Maine,"  Part  II,  p.  227.    (Boston)  1863. 

Black  etching  and  colors.  No  name  of  place  of  pablioation,  bnt  i 
map  was  lithographed  in  Boston. 

221. 
1868— Hitohoook  (0.  H.).    Geology  of  Bockport  and  vicinity. 

Accompanying  '*  Second  annual  report  upon  the  Nat.  Hist,  and  G 
the  State  of  Maine,"  p.  242.    (Boston)  1863. 
Black  etching. 

222. 

1868— Hitchcock  (0.  H.).  Geological  map  of  part  of  the  Ammi 
gold  field,  New  Hampshire. 

Accompanying  ''First  annnal  report  apon  the  geology  and  mine 
the  State  of  New  Hampshire."    Manchester,  1869. 

223. 

1870— Hitchcock  (C.  H.).  Map  illustrating  the  distribntion  of  gi 
New  Hampshire. 

Accompanying  "  Second  annnal  report  npon  the  geology  and  mi 
of  the  State  of  New  Hampshire."    Manchester,  1670. 

224. 

1871— Hitchcock  (0.  H.}.  Geological  map  of  Massachusetts.  S 
miles  to  an  inch. 

Accompanying  ''  Official  Topographical  atlas  of  MassaohaBetts,*^ 
Walling  and  O.  W.  Gray.    Folio,  p.  18.    Boston,  1871. 

226. 

1878— Hitchcock  (0.  H.).  (l)o  title.)  Geological  map  of  the 
Mountains. 

Accompanying  ^'Beport  of  the  geological  snrvey  of  the  State  of  Ne 
shire,''  showing  its  progress  during  the  year  1871.    Nashua,  1872. 

226.  * 

1874 — ^Marcou  (Jules).  Carte  g^ologique  des  bords  du  Lao  Ohi 
entre  Georgia  (Vermont),  Chazy  (New  York),  et  Phillij 
(Oanad%). 

Accompanyiug  "  Snr  les  colonies  dans  les  roches  Taconiqnes  des 
Lao  Champlain/'  Bull.  Soc.  G^ol.  France,''  3i^me  s^rie,  Vol.  IX,  p.  1( 
1880. 

Scale,  1 :  160,000,  is  not  given  on  the  map,  owing  to  a  mistake  o 
gravers. 
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227. 

(77— Crosby  (W.  O.).  Geological  map  of  Eastern  Massachusetts  and 
of  Boston  and  vicinity.  Scale,  1  mile  to  the  inch  for  Boston  and 
5  miles  to  1  inch  for  Eastern  Massachusetts. 

Accompanying  '*  Contribntions  to  the  geology  of  Eastern  MassachasettB." 
Occasional  papers  of  the  Boston  Society  of  Natural  History,  III.  Boston, 
1880. 

These  two  maps  are  on  the  same  large  sheet.  The  smaUer  one  (Eastern 
Massachosetts)  occupying  the  right-hand  lower  comer. 

228. 

(T7— Hitohoook  (G.  H.).  Geological  map  of  Kew  Hampshire  and  Ver- 
mont. 

Accompanying  "A  topographical  atlas  of  New  Hampshire,"  by  Walling. 
(New  York,)  1877. 

229. 

'--Hitehcock  (G.  H.).    Geological  map  illustrating  the  relation  of  the 
TSew  Hampshire  formations  to  those  of  the  adjacent  territory. 

Accompanying  "  The  geology  of  New  Hampshire,  Vol.  11,  p.  8.    Plate  I. 
Concord,  1877. 
Black  etching. 

230. 

STB— Hitohoook  (G.  H.).  (No  title.)  Map  of  the  Ammonoosuc  mining 
district. 

Accompanying  the  "Report  on  the  geology  of  New  Hampshire."  FoUo 
atlas.    New  York,  1878. 

On  the  map  itself  no  name  of  aathor,  no  date,  and  no  place  of  pablioation 
sre  inscribed. 

331. 

^T8— Hitohoook  (G.  H.).  (No  title.)  General  geological  map  of  New 
Hampshire,  embracing  portions  of  Maine,  Vermont,  and  Quebec- 
Scale,  2^  miles  to  the  inch. 

Accompanying  the  ''Report  on  the  geology  of  New  Hampshire."  Folio 
atlas.    New  York,  187a 

Six  sheets.  No  title,  no  date,  nor  scale  are  inscribed  on  the  map.  The  ex- 
planation is  to  be  found  in  Vol.  II,  p.  672,  of ''Geology  of  New  Hampshire." 

232. 

l88UHawes  (G.  W.).    Map  of  the  Mount  Willard  region.    Scale,  2J 
miles  to  1  inch. 

Accompanying  "The  Albany  granite.  New  Hampshire,  and  its  contact 
phenomena,"  Amer.  Jonm.  SiUiman.  3d  series,  VoL  XXI,  p.  22.  New  Haven, 
1881. 

Black  etching. 
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233. 
1822— Barton  (D.  W.).    Barton  on  the  Catskills. 

Accompanying  **  Notice  of  the  geology  of  the  Catskills."   Amer.  Joum.  Si ^^ 

man.    Vol.  IV,  p.  250.    New  Haven,  1822. 
Black  etching  and  geological  indications. 

234. 

1880 — Eaton  (Amos).  This  coloured  map  exhibits  a  general  view  oft  ^=i:he 
economical  geology  of  New  York  and  part  of  the  adjoinic^  ng 
States. 

Accompanying    "Geological  text^hook  prepared  for  pop  alar  lectnrea  on 

North  American  geology  with  applications  to  agriculture  and  the  art=^B&'' 
Albany,  1830. 

This  is  the  first  attempt  at  a  geological  map  of  the  State  of  New  York. 

235. 

1831 — ^Tonng  (J.  6.)  and  Heron  (J.).  Geological  mineralogical  map  o:^  fa 
part  of  Orange  County,  New  York.    Scale,  2  miles  to  the  inch — m. 

Accompanying  **  Mineralogy  and  geology  of  the  counties  of  Orange  ^  (N- 
Y),  and  Sussex  (N.  J.),  by  Charles  U.  Shepard,  Amer.  Jonrn.  Silliman.  ^^^^ol. 
XXI,  p.  321.    New  Haven,  1832. 

Black  etching. 

236. 

1839— Sogers  (H.  D.).  A  geological  map  of  New  Jersey.  Scale,  6  miT"^©* 
to  one  inch. 

Accompanying  "  Description  of  the  geology  of  the  State  of  New  Jew^^*®y» 
being  a  final  report."    Philadelphia,  1840. 

237. 
1842 — ^Emmons  (E.).    Map  of  the  county  of  Jefferson. 

Accompanying  **  Geology  of  New  York,"  Part  II,  comprising  the  sarrtj        ^ 
the  second  geological  district.    Plate  XVI.    49,    Albany,  1842. 

238. 

1842 — ^Emmons  (E.).    Geological  map  of  Olinton  County. 

Accompanying  "  Geology  of  New  York,"  Part  II,  comprising  the  Burvey    ^^ 
the  second  geological  district.    Plate  XVII.    4^.    Albany,  1842. 
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eipiftnaiion  nniCD  auow 
i  of  h&rmony  aud  n  great  diETereoco  of  viewa  between  the  geolugists  who- 
i»rg«  of  tlie  publication.  In  thti  vulumo  Part  IV  we  find  iu  tho  "  Tab- 
lew  of  the  seilimenlary  rocka  of  Hpw  York,"  und  in  the  "Plan  of  ar- 
nent  in  tbeStato  geological  colIectioD,"  tlie  TacoDic  syslem,  epelled  also- 
onlck;  but  no  trace  of  it  exinli  on  the  geological  map.  Euiuoub  beinK 
thor  of  the  m.iiu  part  of  tho  clasBiflcation,  and  being  convinced  that  a 
1  of  strata  older  than  the  Fotsdau  sandstone  existed,  maintained  his. 
n  the  first  Tolmne  of  tho  "Agriculture  of  New  York,"  where  he  deacribea 
'aconio  Bystem."  And  in  order  to  shnw  the  geof^raphical  distribntion  and 
in  of  these  rookH,  be  prepared  a  geological  map  of  the  State  of  New  York 
Agriculture,"  part  V,  p.  3G1),  a  reprint,  as  he  saya,  iu  the  main  of  the 
;hich  accompanies  the  first  reports  (i.  e.,  the  map  published  by  legisla- 
Dtbority  referre<l  to  here).     Important  adilitions,  however,  wore  made 

Parts  of  Vermont,  Massacbiisctts,  and  Cunueoticut,  were  included;  in 
on  to  this,  the  Taconic  system  was  marked  out  and  colored  and  made  a 
;t  part  of  the  wap;  it  occupies  a  belt  extending  from  the  Canailian  lino 
K  Jersey  and  Tappaii  Bay  on  the  Iluilaon  River  l.elow  tlio  Highliinds. 

three  thousand  copies  of  this  modified  map  of  tho  Stale,  showing  the 
■  of  the  Taconic  in  New  York,  were  atolBn  or  destroyed  hy  persons  nn- 
),so  that  they  were  never  issued  with  the  proper  volume,"  (Extract 
I  letter  of  E.  Emmons  to  J.  Marcon,  dated  Baleigb,  N.  C,  December  28, 

240. 

er  (W.  W.).  Geological  map  of  Long  and  Staten  Istaods, 
the  enviroDS  of  New  York.. 

tmpanying  "G«o]c^y  of  New  Tork,"  Part  loompriaing  tbo  geology  of 
St  geological  district.   -Plate  I.     4°,     Albany,  \BiX 

24t. 

Ill  (3.)>  Ageological  map  of  New  York  or  MaDbattan  Island, 
impaoying  "  A  geological  hlatory  of  Manhattan  or  New  York  Island." 


60  MAPOTECA   OEOLOQICA   AMERfCANA.  IkjilT. 

243. 

1846 — ^Lyell  (Sir  Oharles).    Birds-eye  view  of  the  falls  of  Niagara  and 
adjacent  coantiy,  coloured  geologically. 

Aooompanying   ''Reisen  in  Noid-Amerika  von  Charles  Lyell."    Genntt 
edition.    HaUe,  1846. 
See  Lyell  (Sir  Charles),  1845— No,  242. 

244. 

1855— Lyell  (Sir  Charles).  Birds-eye  view  of  the  falls  of  Niagara  an& 
a^acent  country,  coloured  geologically. 

Aooompanying  **Trayel8  in  North  Amerioa  in  the  yeazs  1841-42."   %r6U 
Frontispieoe  of  Vol  I.    2d  edition.    London,  1856. 
Bee  LyeU  (Sir  Charles),  1845—242. 

245. 

1665 — Gredner  (H.).    Geologische  Skizze  von  New  York. 

Aooompanying  "  Qeognostiohe  Bkixse  der  Umgegend  von  New  Tuk."   Si 
taoh.  Dent.  Qeol.  Gesells.    Vol.  XVU,  Taf.  XUL    Berlin,  1866. 

246. 
1865— Cook  (6.  H.).    Geological  map  of  New  Jersey. 

Aooompanying  "Annual  report  of  the  geologioal  survey  of  New  Jersey  ^ 
1864."    Trenton,  1865. 

247. 

1866-^CIook  (G.  H.)  and  Bmook  (J.  0.).  Geologioal  survey  of  New  Jeraeij 
Oretaceous  formations:  including  the  green-sand  marl  bed 
Scale,  2  miles  to  an  inch. 

Aooompanyihg  "  Geology  of  New  Jersey,"  by  authority  of  the  legislatnf^ 
with  a  4to  atlas.    Map,  No.  3.    Newark,  1868. 
In  two  sheets. 

248. 

1867 — Cook  (G.  H.)  and  Biaook  (J.  0.).  Geologioal  survey  of  New  J^ 
sey.  Map  of  Oxford  furnace  iron-ore  veins.  Scale,  8  inches  p>* 
mile. 

Accompanying  ''Geology  of  New  Jersey,''  by  authority  of  the  legiBlator" 
with  a  4to  atlas.    Map  No.  7.    Newark,  1868. 

249. 

1867 — Cook  (G.  n.)  and  Bmook  (J.  G.).  Geological  survey  of  New  Jerse;; 
Map  of  zinc*mineSy  Sussex  Oounty.    Scale^  8  inches  per  mile. 

Accompanying  ''Geology  of  New  Jersey,''  by  authority  of  the  legislatare 
with  a  4to  atlas.    Hap  No.  8.    Newark,  1868. 

No  explanation  of  the  coloring  on  tbe  map ;  there  are  mineralogical  indictf 
tions  on  the  sections. 
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250. 

17— Cook  (6.  H.)  and  Smock  (J.  C).  Geological  survey  of  New 
Jersey.  Triassic  formation,  including  the  red  sandstx)ne  and  trap 
rocks  of  Central  New  Jersey.    Scale,  2  miles  to  an  inch. 

Accompaoying  ^' Geology  t>f  New^  Jersey^''  by  authority  of  the  legialatnre; 
with  a  4to  atlas.    Map  No.  2.    Newark,  1868. 
In  two  aheete. 

251. 

17— Oook  (G.  H.)  and  Smook  (J.  O.)*  Geological  survey  of  New 
Jersey.    Tertiary  and  recent  formations  of  Southern  New  Jersey. 

Acoompanyiiig  "  Geology  of  New  Jersey,"  by  authority  of  the  legislatare ;. 
with  a  4to  atlas.    Hap  No.  4.    Newark,  1868. 

In  two  sheets;  no  scale  is  given,  but  it  is  evidently  that  of  2  miles  to  the 
ineh. 

262. 

8  Cook  (G.  H.).  No  title.  (A  geological  map  of  New  Jersey.) 
Scale,  20  miles  to  an  inch. 

Aceompanying ''  Geology  of  New  Jeiaey,"  by  authority  of  the  legislature  f 
p.  39  of  the  introduction.    Newark,  1868. 
Black  etching. 

263. 

B  Cook  (O.  H.)  and  Smoek  (J.  C).  €teological  survey  of  New  Jersey. 
Azoic  and  paleozoic  formations,  including  the  iron-ore  and  lime- 
stone districts.    Scale,  2  mUes  to  an  inch. 

Accompanying  "  Geology  of  New  Jersey,"  by  authority  of  the  legidatuxe; 
with  a  4to  atlas.    Map  No.  1.    Newark,  1868. 
In  two  sheets. 

264. 

O-Oiediior  (H.).  Geognostische  Skisse  von  New  Jersey  naeh 
Bog^as,  Oook,  and  Smock. 

Accompanying  *'  Die  Kreide  von  Ny  Jersey."    Zeitsdh.  Dent.  Geol.  GeseUs, 
VoL  XXn,  Taf.  IV.    BerUn,  1870.     ' 
Black  etching  and  geological  indicationt. 

256. 

K)-Cook  (G.  H.).  Lake  Passaic  (a  glacial  lake).  Scale,  6  miles  to 
the  inch. 

Accompanying  ''Annual  report  of  the  State  geologist  for  the  year  1880.'^ 
Trenton,  1880. 

266. 

80-Cook  (G.  H.)  and  Smook  (J.  C).  The  State  of  New  Jersey. 
Economic  geology.    Scale,  6  miles  to  the  inch. 

Accompanying  "Annual  report  of  the  State  geologist  for  the  year  1879.*^ 

Trenton,  1879. 
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257. 
1880— Dana  (J.  D.).    Part  of  Western  CortlaDdt 

Accompanying  '^  Geological  relations  of  the  limestone  belts  of  We«tc 
County,  New  York."  Amer.  Jonm.  Silliman,  3d  series,  Vol.  XX,  ] 
New  Haven,  1880. 

Black  etching. 

258. 

1880 — ^Dana  (J.  D.).    Limestone  areas  of  Westchester  County. 
3  miles  to  the  inch. 

Accompanying  *'  Geological  relations  of  the  limestone  belts  of  West 
County,  New  York."  Amer.  Joum.  Silliman,  3d  series,  Vol.  XX,  P 
New  Haven,  1880. 

In  one  color  and  black  etching. 

259. 

1880 — Dana  ^J.  D.).  Geological  map  of  part  of  New  York  an< 
Jersey,  from  Prof.  G.  H.  Cook's  map  of  New  Jersey.  Sc 
miles  to  the  inch. 

Accompanying  *'  Geological  relatioDS  of  the  limestone  belts  of  Wes 
County,  New  York."  Amer.  Joum.  Silliman,  3d  series,  YoL  XX,  Pi 
New  Haven,  1880. 

Black  etching. 

260. 

1880 — ^Dana  (J.  D.).  Limestone  areas  of  Datchess,  Westchestc 
Putnam  Counties,  New  York,  and  of  part  of  Western  Connc 
with  the  Archaean  of  Putnam  County,  and  the  Palisadi 
range.    Scale,  10  miles  to  the  inch. 

Accompanying  ^'  Geological  relations  of  the  Umestone  belts  of  Wes 
County,  New  York.''  Amer.  Jonm.  Silliman,  3d  series,  Vol.  XX,  Pis 
New  Haven,  1880. 

Black  etching. 

261. 

1881 — ^Abbott  (C.  C).  Map  of  arte  of  Trenton  gravel  in  vicii 
Trenton,  N.  J. 

Accompanying  **  Primitive  i^nstry ;  or  illastrations  of  the  hand 
stone,  bone,  and  clay  of  the  native  races  of  the  Northern  Atlantic  sea 
America."    p.  531.    Salem,  1881. 

262. 

1881 — ^Britton  (K  L.).  A  geological  map  of  Bichmond  Connt; 
York.    Scale,  1 :  120,000. 

Accompanying  '^  On  the  geology  of  Bichmond  Gonnty,  New  York. 
New  York  Acad.  Sci.,  Vol.  II.  Plate  XV,  p.  161.    New  York,  1881. 

263. 

1881— Cook  (Gr.  n.)  and  Smook  (J.  C).  Geological  map  of  New  < 
Scale,  6  miles  to  1  inch. 

Accompanyiug  "  Qeological  Surrey  of  New  Jersey."    Annual  repoi 
State  Geologist  for  the  year  1881.    Trenton,  1881. 
A  well-executed  and  clear  geological  map. 
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264. 

(1 — ^DanA  (J.  D.).    Geological  map  of  southern  Westchester  County 
and  northern  New  York  island.    Scale,  2  inches  to  1  mile. 

AccompaDying  *'  Geological  relatioiis  of  the  llmeBtone  belts  of  Westchester 
County,  New  York."  Amer.  Joum.  Silliman,  3d  series,  Vol.  XXI,  Plate  XDL 
New  Ha  VCD,  1881. 

In  one  color,  and  geological  indications. 

265. 
81— Dana  (J.  D.).    Part  of  Western  Cortlandt. 

Accompanying  ^'  On  a  case  in  which  varioos  massive  crystalline  rooks,  in- 
clading  soda-granite,  qnartz-diorite,  norite,  homblendite,  pyrozenite,  and  dif- 
ferent chrysoUtio  rocks,  were  made  through  metamorphio  agencies  in  one 
metamorphic  process.  The  Geological  Magazine,  2d  series,  Vol.  Till,  p.  €0. 
London,  1881. 

Black  etching. 

266. 
INl-Dana  (J.  D.).    Stony  Point. 

Accompanying '' Geological  relations  of  the  limestone  belts  of  Westchester 
Coanty,  New  York.  Origin  of  the  rocks  of  the  Cortlandt  series."  Amer. 
Joam.    Silliman,  3d  series,  Vol.  XXII,  p.  112.    New  Haven,  1881. 

Black,  with  geological  indications. 

267. 

18B1— Dana  (J.  D.).  Map  of  parts  of  Kew  York  and  Kew  Jersey.  Scalei 
10  miles  to  1  inch. 

Accompanying  '*  Geological  relations  of  the  limestone  belts  of  Westchester 
Coanty,  New  York.  Origin  of  the  rooks  of  the  Cortlandt  series.'^  Amer. 
Jonm.    Silliman.  3d  series,  Vol.  XXII,  p.  106.    New  Haven,  1881. 

Black  etching. 

268. 

^^ — ^Dana  (J.  D.).  Map  of  part  of  western  Cortlandt,  showing  the 
Peekskill,  Yerplanck,  Tompkins,  Gove,  and  Oruger  limestone 
areas,  by  horizontal  lining,    ^pale,  1  inch  to  a  mile. 

Accompanying  "  Geological  relations  of  the  limestone  belts  of  Westchester 
Coanty,  New  York.  Origin  of  the  rocks  of  the  Cortlandt  series."  Amer. 
Jonm.    Silliman,  3d  series.  Vol.  XXII,  p.  107.    New  Haven,  1881. 

Black  etching. 

AU  these  small  maps  by  Mr.  J.  D.  Dana  are  sketch-maps  with  geological 
Indications. 
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269. 

1822 — Cist  (Z.)*    Range  of  the  anthracite  formation  of  Pennsylvania. 

Accompanying  '' Account  of  the  mines  of  anthracite  in  the  region  aboT= 
Wilkesbarre,  Pennsylvania."  Amer.  Jonm.  Silliman,  Vol.  IV,  p.  14.  Ne — 
Haven,  1822. 

Black  etching. 

270. 

1824 — Finch  (J.).    Oeology  of  Easton,  &c. 

Accompanying  ''A  sketch  of  the  geology  of  the  country  near  Fmlii^ 
Pennsylvania."    Amer.  Joum.  Silliman,  Vol.  VIII.    New  Haven,  1894. 

271. 
1826 — ^Troost  (Oerard).    Karte  der  Gegend  von  Philadelphia. 

Accompanying  *'  Geological  survey  of  the  environs  of  Philadelphia,"  cit^ 
by  B.  Cotta,  in  his  "  Geognostische  Earten  unseres  Jahrhundert's/'  1850,  p.  4  ^ 
No.  633.  This  map  is  unknown  even  in  Philadelphia,  and  contemporari^ 
of  Troost,  such  as  the  late  T.  Conrad  and  Blr.  Isaac  Lea,  had  never  heard  of  sue:: 
a  map.    It  is  very  doubtful  if  it  exists. 

272. 

1834 — Taylor  (B.  G.).  Bough  sketch  of  the  position  of  the  transitio-r^ 
beds  near  Lewiston,  Mifflin  County,  Pennsylvania,  containinj 
various  species  of  fossU  Fucoides.    Scale,  1  inch  to  1  mile. 

Accompanying  "  On  the  geological  position  of  certain  beds  which  contai  - 
numerous  fossil  marine  plants  of  the  family  Fucoides,  near  Lewiston,  Miffli  "' 
County,  Pennsylvania,"  in  Transactions  of  the  Geological  Society  otVeoDSj'M 
vania,  Vol.  I,  Part  I,  Plate  IV.    PhUadelphia,  1834. 

•3. 
1835 — ^Koehler  (H.).    Petrographical  map  of  the  coal  region  of  TamaqoflB 

Accompanying  "  On  the  anthracite  deposit  at  Tamaqna,  Schuylkill  Coontg^ 
Pennsylvania."  Transactions  of  the  Geological  Society  of  Pennsylvania,  VoB 
I,  Part  II,  p.  326.    Philadelphia,  1835. 

Black  etching  and  geological  indications. 

274. 

1836— Taylor  (B.  G.).  Map  of  Elishacoquillas  Valley.  Scale,  5  miles  tc 
an  inch. 

Accompanying  ''Notice  as  to  the  evidences  of  the  existence  of  anancien^ 
lake,  which  appears  to  have  formerly  filled  the  limestone  valley  of  Kisha« 
coquillas,  in  Mifflen  County,  Pennsylvania."  Transactions  of  the  Geological^ 
Society  of  Pennsylvania,  Vol.  I,  Part  II,  p.  198.    Philadelphia,  1835. 
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275. 

iMfi— Taylor  (B.  0.)*  Map  of  the  group  of  anthracite  basins  in 
Pennsylvania. 

Accompanying  '^  Statistics  of  coal,"  p.  112.    Philadelphia,  1848. 

276. 

1948— Taylor  (B.  C).  Map  illustrative  of  the  statistics  of  the  coal  trade 
of  Pennsylvania.  Showing  the  relative  positions  of  the  various 
anthracite  and  bituminous  coal  fields. 

Accompanying  '*  Statistics  of  coal/'  p.  144.    Philadelphia,  1848. 

277. 

1807— Dalflon  (A.  F.).  Geological  map  of  the  Howard  Hill  coal  field. 
Scale,  1  mile  to  1  inch. 

Accompanying  ^*2d  Geol.  Sarv.  Pennsylvania.    The  geology  of  McKean 
County,"  by  Chas.  A.  Ashborner.    Vol.  B,  p.  168.    Harrisbnrg,  1880. 

278. 

1BS7— Rogers  (H.  D.).  Map  of  the  anthracite  and  bituminous  coal 
fields  of  Pennsylvania. 

Accompanying  "The  geology  of  Pennsylvania.''    4°.    Vol.  II,  p.   1019. 
Edinbarg,  1858. 
Black  etching. 

279. 

1868— Bogers  (H.  D.).  Map  of  the  mining  district  of  Chester  and 
Montgomery  Counties. 

Accompanying  "  The  geology  of  Pennsylvania."    4^.^    Vol.  II,  Part  III,  p. 
674.    £dinbaTg,  1858. 

280. 
18S8— Sogen  (H.  D.).    Map  of  the  Gomwall  ore  hills,  Lebanon  Oounly. 

Accompanying  "  The  geology  of  Pennsylvania."    4°.    Vol.  n,  Part  IV,  p. 
719.    Elinborg,  1858. 
Black  etching  with  geological  indications. 

2»1. 

1868— Bogers  (H.  D.).    (Geological  and  topographical  map  of  the  anthra- 
cite fields  of  Pennsylvania.    Scale,  2  miles  to  the  inch. 

Accompanying  '*The  final  report  on  the  geological  survey  of  the  State 
IQ^»    40.    Atlas.    Edinbnrg,  1858. 
In  two  sheets. 

282. 

^®*8-.-Bogerg  (H.  D.).  Geological  map  of  the  State  of  Pennsylvania, 
constructed  from  original  surveys  made  between  the  years  1836 
and  1857.    Scale,  5  miles  to  the  inch. 

Accompanying  ''The  final  report  on  the  geological  survey  of  the  State, 
1858."    40.    Atlas.     Edinborg,  1858. 
In  three  sheets. 
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283. 

186ft— Tyson  (P.  T.).  Geological  illustrations  (prelimiD£.ry  g^ 
map  of  Maryland). 

Accompanying  **  First  report  of  Philip  T.  Tyson,  State  agricnltnral 
to  the  >oase  of  delegates  of  Maryland."    Annapolis,  1860. 

284. 

1864 — OreeL  (W.,  jr.).  Map  of  the  Lackawanna  coal  field,  I 
County,  Pennsylvania. 

Accompaoying  ''Notes  on  the  anthracite  coal  region  of  North  A 
Trans.  North  of  England  Inst.  Mining  Engrs.  YoL  XTTT,  p.  25.  Nc 
npon-Tyne,  18G4. 

285. 
1864— Lesley  (J.  P.).    (No  title.) 

Accompanying  '*  On  the  discovery  of  lignite  in  PennBylvania."  Pro 
Phil.  Soc.,  Vol.  IX,  Plate  XI.    PHiladelphia,  1»65. 
Colored  and  with  geological  indications. 

286. 

1871 — ^Lesley  (J.  P.).  A  map  showing  the  topographical  chart 
the  southern  part  of  the  lands  of  the  Pittsburgh  and  Ba 
coal,  coke,  and  iron  company,  Ursina,  in  Somerset  County 
sylvania.    Scale  of  1  mile  (to  the  incht) 

Accompanying  ''Note  on  an  apparent  violation  of  the  law  of  regi 
gressive  debitnminization  of  the  American  coal  beds  coming  East. 
Amer.  Phil,  doc,  Vol.  XII,  p.  131.    Philadelphia,  1873. 

Black,  with  indications  of  limestone  and  ferriferous  coal  bed  bankf 
on  it. 

287. 

1871— Piatt  (Franklin,  jr.).  Map  of  the  Pittsburgh  and  Baltimo 
coke,  and  iron  company's  lauds,  Ursina,  Somerset  Gounty 
sylvania.    Scale,  1,500  feet  to  an  inch. 

Accompanying  ^*Note  on  an  apparent  violation  of  the  law  of  regi 
gressive  debituroinization  of  the  American  coal  beds  coming  East. 
Amer.  Phil.  Soc,  Vol.  XII,  p.  160.    Philadelphia,  1873. 

A  topographical  map,  with  lithological  and  mineralogical  indicatic 
ten  on  the  map. 

288. 

1871 — ^Lesley  (J.  P.).  A  map  showing  the  areas  occupied  by  thi 
coal  bed  in  the  hills  north  of  Ursina.    Scale,  1  mile  to  tl 

Accompanying  ''Note  on  apparent  violation  of  the  law  of  regnlar  pre 
debituminization  of  the  American  coal  beds  coming  East."  Proc.  Am 
Soc,  Vol.  XII,  p.  129.    Philadelphia,  1873. 

Black  etching. 
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289. 
172— Lesley  (J.  P.).    (No  title.)    Scale,  1  inch  to  1  mile. 

Accompany  log  ''Saint  Clairsville  and  Bedford  Railroad,  and  Dnnning'ft 
Creek  foeeil  iron  ore."  Proc.  Amcr.  Phil.  Soo.,  Vol.  XIII,  p.  256.  Philadel- 
phia, lfcf73. 

In  one  color  and  geological  indications. 

290. 

ITS— Smith  (S.).  Topographical  map  of  Gaines  Goal  Basin,  in  Gaines 
Township,  Tioga  County.  Oontoar  curves,  100  feet  apart 
Scale,  2,000  feet  to  the  inch. 

Accompanying  "  2d  Qeol.  Snrv.  Pennsylvania."    Beport  of  progress,  voL 
G.  G.  G.,  by  Andrew  Sherwood.    Harrisbnrg,  1880. 
Black  etching. 

291. 

S78— Strauch  and  Coohran.  Map  of  the  first  and  second  anthracite 
coal  fields  of  Pennsylvania. 

Accompanying  *'  Coal  regions  of  America,"  by  James  Macfarlane.    p.  17. 
New  York,  1873. 
Black  etching. 

292. 

I87S— Lesley  (J.  P.).  Topographical  map  of  Pennsylvania,  colored  for 
the  principal  geological  formations. 

Accompanying  "Coal  regions  of  America,"  by  James  Macfarlane.  Kew 
York,  1873. 

293. 

A78— Ledey  (J.  P.).  A  study,  in  ten-foot  contour-lines,  of  the  struet- 
Tue  and  erosion  of  Brush  Mountain,  showing  the  outcrops  of  the 
two  upper  Silurian  fossil  iron  ore  beds  passing  Tyrone  Gap, 
Blair  County,  Pennsylvania. 

Accompanying  "A  stndy  of  the  stmotnre  and  erosion  of  Bmsh  Monntain.** 
Proc.  Amer.  Phil.  Soc.,  Vol.  XIU.    Philadelphia,  1873. 
Black,  with  geological  indications. 

294. 

^'4— Clark  (E.,  jr.).  A  map  iu  ten-foot  contour  lines,  showing  the 
ranges  of  brown  hematite  ore  banks  in  a  portion  of  Lehigh 
County.    Scale,  3,200  feet  to  the  inch. 

Accompanying  '*2d  GeoL  Snrv.  Pennsylvania.    Brown  hematite  ore  ranges 

.  of  Lehigh  County,"  by  Frederick  Prime,  Jr.    Vol.  D.    Harrisbnrg,  1875. 

Black  etching,  with  geological  indications.    See  note  by  State  geologist, 

page  67. 

295. 

^74— Fraier  (P.,  jr.)  and  Lehman  (A.  E.).  A  map  of  the  central  belt  of 
brown  hematite  ore  mines  in  York  and  Adams  Counties.  Scale, 
1  mile  to  the  inch. 

Accompanying  *'2d  Geo).  Sarv.  Pennsylvania.  Beport  of  progress  in  York 
and  Adams  Counties,"  by  Persifor  Frazer.    Vol.  C,  p.  196.    Harriaburg,  1876« 
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296. 

1874 — Lesley  (J.  P.)  and  Plakt  (F.).  A  study,  in  twenty-foot  contOM 
lines,  of  the  stractare  and  erosion  of  a  part  of  the  lower  sihrian 
iron  ore  region  northeast  of  the  Little  Juniata  Biver,  in  Hont- 
ingdon  and  Centre  Counties,  Pennsylvania.  Scale,  before 
reduction  by  photograph,  3.325  inches  to  1  mile. 

Acoompanyiug  *^The  brown  hematite  ore  banks  of  Sprace  Creek,  Warrioi'B 
Mark  Rnn,  and  Half  Moon  Bun,  in  Huntingdon  and  Centre  Coontiea,  Penn- 
sylvania, along  the  line  of  the  Lewisbnrg,  Centre  County,  and  Tyrone  BiQ* 
road."    Proc.  Amer.  PhU.  Soc.,  Vol.  XIV,  p.  176.    Philadelphia,  1876. 

Black,  with  geological  indications. 

297. 

1875 — Wrigley  (H.  E.).  Map  B,  the  Pennsylvania  oil  regions  proper, 
with  all  adjoining  developments  in  Ohio,  New  York  and  West 
Virginia. 

Accompanying  ''2d  Geol.  Surv.  Peunsylyauia.''   Special  report  on  the  petro- 
leum of  Pennsylvania,  by  Henry  £.  Wrigley,  Vol.  J.     Harrisburg,  1875. 
Black  etching. 

298. 

1876 — Frazer  (P.,  jr.)  and  Lehman  (A.  E.).  General  map  of  the  ore 
ranges  of  York  and  Adams  Counties.    Scale,  3  tniles  to  1  inch* 

Accompanying  "2d  Geol.  Surv.  Pennsylvania."    Report  of  progress  in ToA 
and  Adams  Counties,  by  Persifor  Frazer.    Vol.  C,  p.  64.    Harrisburg,  1W6. 

299. 

187ft— Boyd  (E.  F.).    Map  of  the  first  and  second  anthracite  coal  fielda 
of  Pennsylvania. 

Accompanying '^  Remarks  on  tbe  coal  measures  and  oil  produce  of  ^^ 
United  States  of  America,  collected  during  a  visit  to  that  country  in  ^^^ 
autumn  of  1875."    Trans.  North  of  England  Inst.  Mining  Engrs.,  Vol.  XS-^* 
Plate  XLIV.    Newoastle-upon-Tyne,  1876. 

300. 

187ft— Boyd  (B.  F.).    Map  showing  the  anthracite  coal  fields  of  Fel^^ 
sylvania  with  their  outlets  to  tide-water. 

Accompanying  *'  Remarks  on  the  coal  measures  and  oil  produce  of  the  Unf ''^ 
States  of  America,  collected  during  a  visit  to  that  country  in  the  autumc^ 
1875.''    Trans.  North  of  England  Inst.  Mining  Engrs.,  Vol.  XXV,  Plate  XS>^ 
Newcastle-upon-Tyne,  1876. 

Black  etching. 

301. 
187ft— Boyd  (E.  F.).    Map  of  the  anthracite  coal  fields  of  Pennsylvan:^-^ 

Accompanying  '*  Remarks  on  the  coal  measures  and  oil  produce  of  the  Uui^'^ 
States  of  America,  collected  during  a  visit  to  that  country  in  the  antunuS' 
1875."    Trans.  North  of  England  Inst.  Mining  Engrs.,  Vol.  XXV,  Plate 
Newcastle-upon-Tyne,  1876. 
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302. 

6— Boyd  (£.  F.).    Oil  regions  of  PennBylvania,  U.  S. 

Accompanying  **  Remarks  on  the  coal  measnree  and  oil  produce  of  the  United 
States  of  America,  collected  daring  a  visit  to  that  country  in  the  autumn  of 
1875."    Trans.  North  of  England  Inst.  Mining  Engrs.,  Vol.  XXV,  Plate  XLIX. 
*    Newcastle-upon-Tyne,  1876. 

Black,  with  geological  indications. 

303. 

V— Lesley  (J.  P.)  and  White  (I.  C).  Map  of  sonthem  Butler,  show- 
ing OQtcrops  of  the  lower  coals.    Scale,  2  miles  to  the  inch. 

Accompanying  ''2d  Qeol.  Snrr.  Pennsylvania."  Beport  of  progress  in  the 
Beaver  River  district,  by  I.  C.  White.    Vol.  Q.    Harrishurg,  1878. 

304. 

U— Lesley  (J.  P.)  and  White  (1. 0.).  Map  of  Korth  AUeji^heny,  show- 
ing outcrops  of  the  Pittsburgh  and  upper  Freeport  coals*  Scale, 
2  miles  to  the  inch. 

Accompanying  **  2d  Geol.  Surv.  Pennsylvania."  Beport  of  progress  In  the 
Beaver  River  district,  hy  I.  C.  White.    Vol.  Q.    Harrishurg,  187& 

305. 

re— Ladey  (J.  P.)  and  White  (I.  0.).  Map  of  Beaver  Oounty,  show- 
ing outcit>p8  of  the  Pittsburgh,  Upper  Freeport,  and  Kittanning 
ooals.    Scale,  2  miles  to  the  inch. 

Accompanying  "  2d  Geol.  Surv.  Pennsylvania."  Beport  of  progress  in  the 
Beaver  River  district,  hy  I.  C.  White.     Vol.  Q.    Harrishurg,  1878. 

306. 

U-Lailey  (J.  P.)  and  Sherwood  (A.).  Oeological  map  of  Potter 
County.    Scale,  2  miles  to  the  inch. 

Accompanying  ''2d  Geol.  Surv.  Pennsylvania.''  The  geology  of  Potter 
County,  by  Andrew  Sherwood.    Vol.  GGG,  Harrishurg,  1880. 

307. 

It-Ladey  (J.  P.)  and  Sherwood  (A.).  Geological  map  of  Wyoming 
County.    Scale,  2  miles  to  1  inch. 

Accompanying  **  2d  Geol.  Surv.  Pennsylvania."  The  geology  of  Pike  and 
Monroe  Counties,  hy  I.  C.  White.  Beport  of  progress.  Vol.  G6.  Harxis- 
huTg,  1882. 

In  the  same  volume  G  6  there  is  a  large  geological  map  of  Pike  and  Monroe 
Counties,  with  the  date  of  1882  on  the  map,  and  consequently  posterior  to  the 
limit  of  this  catalogue.    1881. 

308. 

^6-.Prime  (Fred.).  Oeological  and  topographical  map  showing  the 
limestone  of  Lehigh  County  including  the  ranges  of  brown  hem- 
atite  ore  banks. 

Accompanying  *'2J  Geol.  Surv.  Pennsylvania."   Beport  of  progress,  1876, 76. 
Lehigh  district.    VoL  DD.    Harrishu^,  1878. 
In  four  sheets. 
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309. 

1876 — Sohellenberg  (F.  Z.)*    Map  Bhowing  oatcrops  of  Pittsbm 
in  North  Huntingdon  Township,  Westmoreland  County, 

Accompanying  ^'2d  Geol.*Burv.  Pennsylvania.''  Beport  of  progr 
Fayette  and  Westmoreland  districts,  by  J.  J.  Stevenson.  VoL  Ki 
Harrisburg,  1877. 

Black  etching. 

310. 

1876 — Sherwood  (A.).    Geological  map  of  Bradford  County. 
D^iles  to  1  inch. 

Accompanying  ''2d Geo!.  Snrv.  Pennsylvania.''    Report  of  progrea 
ford  and  Tioga  Conntiea    Vol.  G.    Harrisburg  (1878). 
No  date  on  the  volume. 

311. 

1876 — Sherwood  (A.).    Geological  map  of  Tioga  County.     Scale 
to  1  inch. 

Accompanying  *'  3d  Geol.  Snrv.  Pennsylvania."    Report  of  progres 
ford  and  Tioga  Counties.    Vol.  G.    Harrisburg  (1878). 
No  date  on  the  volume. 

312. 

1876 — Stevenson  (J.  J.)  and  White  (I.  C).    Geological  map  of  AJ 
County. 

Accompanying  "2d  Geol.  Snrv.  Pennsylvania."  Report  of  prog 
Fayette  and  Westmoreland  district.    Vol.  EK.    Harrisborg,  1877. 

313. 

1877— Ledey  (J.  P.)  and  Piatt  (F.).    A  geological  map  o^  the  S 
central  coal  ba^in  in  Somerset  County,  Pa. 

Accompanying  ''2d  Geol.  Surv.  Pennsylvania."    Report  of  progi 
HHH.    Harrisburg,  1877. 
Black,  without  truly  any  geological  indications  or  signs. 

314. 

1877 — Stevenson  (J.  J.).     Geological  map  of  Fayette  County 
Chestnut  Eidge.    Scale,  2  miles  to  1  inch. 

Accompanying  "2d  Gteol.  Snrv.  Pennsylvania."  Report  of  prog 
Fayette  and  Westmoreland  district.    Vol.  KK.    Harrisburg,  1877. 

316. 

1877 — Stevenson  (J.  J.).    Geological  map  of  Westmoreland  Cou: 
of  Chestnut  Ridge.    Scale,  2  miles  to  1  inch. 

Accompanying  "2d  Geol.  Surv.  Pennsylvania."  Report  of  prog: 
Fayette  and  Westmoreland  district.    Vol.  KK.    Harrisburg,  1877. 
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316. 

8— Aibburher  (G.  A.)-  Isometric  projection  to  illastrate  the  direction 
and  amount  of  throw  along  the  plan  of  the  fault  at  Three  Springs, 
Huntingdon  County.    Scale,  800  feet  to  1  inch. 

Accompanying  "  2d  Geol.  Sarv.  Pennsylvania."    Beport  of  progress  in  the 
Janiata  district.    Vol.  F.    Plate  XVIII.    Harrisbnrg,  1878. 
Black,  with  geological  indications. 

317. 

"8— Afhbumer  (0.  A.).  Geological  map  of  a  belt  of  country  lying 
along  the  line  of  the  East  Broad  Top  Bailroad,  from  the  crest  of 
Sideling  Hill  across  Smith's,  Hare's,  and  Great  Aughwick  Valleys 
to  the  crest  of  Black  Log  Mountain,  Huntingdon  County.  Scale, 
1,000  feet  to  1  inch. 

Accompanying  '<  2d  Geol.  Sorr.  Pennsylvania. '*    Beport  of  progress  in  the 
Janiata  district.    Vol.  F.    Plate  I.    Harrisburg,  1878. 

318. 

78— Alhbumer  (C.  A.).  Gfeological  map  of  the  environs  of  Orbisonia, 
at  Bockhill  Gap,  Huntingdon  County,  showing  the  outcrops  of  the 
Clinton,  Oriskany,  and  Marcellus  iron  beds. 

Aeeompanyiog  ^*^2d  Geol.  Snrv.  Pennsylvania."    Beport  of  progress  in  the 
Janiata  district.    Vol.  F.    Plate  II.    Harrisborg,  1876. 

319. 

i — ^Aihlmnier  (C.  A.).  Geological  section  passing  near  Three  Springs, 
Huntingdon  County,  constructed  from  exposures  on  and  near  the 
line  of  the  East  Broad  Top  Bailroad,  showing  the  order  of  the 
Devonian  and  Silurian  strata  from  Plank  Cabin  Valley  to  Black 
Ijog  Mountain.    Scale,  1,600  feet  to  1  inch. 

Aoconipanyibg  '*  2d  Geol.  Sorv.  PeDusylvania.''    Beport  of  progress  in  the 
Janiata  district.    Vol.  F.    Plate  XVI.    Harrisburg,  1878. 
In  two  sheets.    This  section  is  accompanied  by  fragments  of  geological  maps. 

320. 

— Alhbumer  (C.  A.)  Geological  section  of  Devonian  and  Silurian 
strata  exposed  along  Sideling  Hill  Creek,  extending  from  the 
East  Broad  Top  coal  basin,  Huntingdon  County,  to  the  crest  of 
Black  Log  Mountain,  at  Potts  Gap,  Fulton  County.  Scale,  1,600 
feet  to  1  inch. 

Accompanying  '*  2d  Geol.  Sarv.  Pennsylvania.''    Beport  of  progress  in  the 
Janiata  district.    Vol.  F.    Plate  XVII.    Harrisburg,  1878. 
In  two  sheets.    This  section  is  accompanied  by  fragments  of  geological  maps. 

321. 

(P.,  jr.).    Geological  map  of  Lancaster  County.    Scale,  2 
miles  to  1  inch. 

Accompanying  *  •  2d  Geol.  Surv.  Pennsylvania."    Beport  of  progress  in  1877 ; 
the  geology  of  Lancaster  Connty.    Vol.  CCC.    Harrisburg,  1880. 
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322. 

1878— Lesley  (J.  P.)  and  White  (I.  C).  Geological  map  of  La^ 
County.    Scale,  2  miles  to  the  iuch. 

AccompanyiDg  ''2d  Geol.  Sarv.  PeDiisylvaDia."    The  geology  of  La 
County,  by  I.  C.  White.    Vol.  QQ.    Harrisbnrg,  1878. 

323. 

1878— -Lesley  (J.  P.)  and  Frazer  (P.,  jr.).  Geological  map  of  Lao 
Goonty.    Scale,  2  miles  to  the  inch. 

Accompanying  ''2d  Geol.  Snrv.  Pennsylvania."   Vol.  CCC.    Atlas, 
bnrg,  1879. 

324. 

1878— Lesley  (J.  P.)  and  Flatt  (W.  G.).  Geological  map  of  Ii 
County.    Scale,  2  miles  to  the  inch. 

Accompanying  "2d  Geol.  Snrv.  Pennsylvania."     Report  of  prog 
Indiana  County,  by  W.  G.  Piatt.    Vol.  H4.    Harrisburg,  1878. 

325. 

1878— Prime  (Fred.).  Map  of  the  iron-ore  mines  at  Ironton,  I 
County.    Scale,  300  feet  for  1  inch. 

Accompanying    "2d    Geol.   Surv.   Pennsylvania."      Report  of    pi 
1875-76,  Lehigh  district.    Vol.  DD.    Harrisburg,  1878. 

326. 

1878 — Stevenson  (J.  J.).  Geological  map  of  Westmoreland  C 
Scale,  2  miles  to  1  inch. 

Accompanying  "2d  Geol.  Surv.  Pennsylvania."    Report  of  progrea 
Ligonier  Valley,  by  J.  J.  Stevenson.    Vol.  EKK.    Harrisburg,  18^. 

327. 

1878 — Stevenson  (J.  J.).  Geological  map  of  Washington  O 
Scale,  2  miles  to  1  inch. 

Accompanying  "2d  Geol.  Surv.  Pennsylvania."    Report  of  progree 
Ligonier  Valley.    Vol.  EKE.    Harrisburg,  1878. 

328. 

1878— Stevenson  (J.  J.).  Geological  map  of  Fayette  County.  S< 
miles  to  1  inch. 

Accompanying  "2d  Geol.  Surv.  Pennsylvania."    Report  of  progrei 
Ligonier  Valley.    Vol*  EEE.    Harrisburg,  1878. 

329. 

1878 — Stevenson  (J.  J.).  Geological  map  of  Green  County,  with 
of  the  Pittsburgh  and  Waynesburg  coal  at  various  locj 
Scale,  2  miles  to  1  inch. 

Accompanying  "  2d  Geol.  Surv.  Penubylvania."    Report  of  progree 
Ligonier  Valley.    Vol.  EKK.    Harrisburg,  1878. 
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330. 

187B— Aihbnmer  (0.  A.)  and  Sheafer  (A.  W.).  A  geological  map  of 
McKean  County,  and  a  map  of  a  portion  of  Gattarangus  Ooanty^ 
New  York.    Scale,  Ij^  miles  to  1  inch,  or  ^^^40. 

Aocompanying  <'2d  Geol.  Snrv.  PennBylvania."  The  geology  of  HoKean 
Coanty,  by  Chas.  A.  Ashburoer.    Atlas  B,  Plate  X.    Harriaborg,  1880. 

331. 

1879 — ^Burlingame  (E.  H.).  A  topographical  map  of  part  of  the  Little 
Pine  Greek  coal  basin  in  Pine  Township,  Lycoming  Oonnty. 
Oontoor  curves  10  feet  apart.    Scale,  1,600  feet  to  1  inch. 

Accompanying  * '  2d  Greol.  Sarv.  Pennsylvania."  Beport  of  progresSy  geology 
of  Lycoming  Connty,  by  Franklin  Piatt.    Vol.  GG.     Harrisburg,  1880. 

This  map,  in  two  sbeets,  is  in  black  etching  and  in  one  color,  with  geological 
indicatioDs,  and  is  pablished  by  permission  of  the  anthor. 

332. 

187ft— Curll  (J.  F.)  and  Chanoe  (H.  M.).  Geological  map  of  Yenango 
County.    Scale,  2  miles  to  1  inch. 

Accompanying  ''2d  Geol.  Snrv.  Pennsylvania."  The  geology  of  the  oil 
regions  of  Warren,  Venango,  Clarion,  and  Butler  Gonnties.  Oil  region  maps 
and  charts.    Vol.  IIL    Plate  20.    Harrisburg,  1880. 

333. 

187B — Chanoe  (H.  M.).  Geological  map  of  Clinton  County.  Scale,  2 
miles  to  1  inch. 

Accompanying  '*  2d  Geol.  Snrv.  Pennsylvania.''  Beport  of  progress,  Clin- 
ton County.    Vol.  G4.    Harrisburg,  1880. 

334. 

^878 — Chance  (H.  M.).  Geological  map  of  Clarion  County.  Scaley 
2  miles  to  1  inch. 

Accompanying  "  2d  Geol.  Snrv.  Pennsylvania."  The  geology  of  Clarion 
County,  by  H.  Martyn  Chance.    Y V,  Plate  II.    Harrisborg,  1880. 

335. 

^STft — ^Fraier  (P.,  jr.).  Geological  map  of  York  County.  Scale,  2  miles 
to  1  inch.  ' 

Accompanying  ''2d  Geol.  Snrv.  Pennsylvania."  Beport  of  progress  in  1S77» 
Vol.  CCC.     Harrisburg,  1880. 

336. 

**'^— Leiley  (J.  P.)  and  Ashbomer  (C.  A.).  Topographical  map  of  the 
Alton  coal  basin.  Scale,  3,200  feet  to  the  inch.  Contour  lines, 
lOO'. 

Accompanying  **  2d  Geol.  Snrv.  Pennsylvania.''    MoKean  County.    Vol.  B. 
Atlas.    Harrisbnrg,  1879. 
Colonied  geologicaUy. 
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337. 

1879 — Lesley  (J.  P.)  and  Chanoe  (H.  M.).  Geological  map  of  northern 
Batler.    Scale,  2  miles  to  the  inch. 

Aooompanying  *'2d  Geol.  Surv.  PennBylvftnia.'*    The  northern  towmihipi 
of  Butler  County,  by  H.  Martyn  Chance.    Vol.  V.    Harrisburg,  1879. 

338. 

1879 — ^Lesley  (J.  P.)  and  Chanoe  (H.  M.).  Map  of  instrnmental  survey 
of  the  valleys  of  the  Beaver  and  Shenango  Bivers  and  Slippery 
Bock  Creek.    Scale,  8,000  feet  to  1  inch. 

Accompanying  '*2d  Geo.  Snnr.  Pennsylvania."    The  northern  towiuhrpa 
of  Butler  County,  by  H.  Martyn  Chance.    Vol.  V.    Harrisburg,  1879. 

339. 

187&— Ledey  (J.  P.)  and  Chanoe  (H.  M.).  A  map  in  24  contour  lines  o 
the  Allegheny  Valley  near  Parker,  in  Armstrong  and  Butic 
Counties.    Scale,  1.200=1  inch. 

Accompanying  *^2d  Geo.  Surv.  Pennsylvania."    The  northern  townsft*^ 
of  Batler  County,  by  H.  Martyn  Chance.  Vol.  V.    Harrisburg,  1879. 
Black  etching. 

340. 

1879— Ledey  (J.  P.)  and  White  (I.  C).  Geological  map  of  Mer^ 
County.    Scale,  2  miles  to  the  inch. 

Accompanying  ''2d  Geo.  Surv.  Pennsylvania."    The   geology  of  Mo^^ 
County,  by  I.  C.  White.  Vol.  QQQ.    Harrisburg,  1880. 

341. 

1879— Lesley  (J.  P.)  and  Frazer  (P.  jr.).  Geological  map  of  Tcr* 
County.    Scale,  2  miles  to  the  inch. 

Accompanying  "2d  Geo.  Surv.  Pennsylvania."    Vol.  CCC.    Atlas, 
burg,  1879. 

342. 


1879 — Sherwood  (A.).    Geological  map  of  Lycoming  County.    ScaU 
miles  to  the  inch. 

Accompanying    **2d  feeol.   Surv.   Pennsylvania."      The  geology  of 
coming  and  Sullivan  counties.    Field  notes,  by  Andrew  Sherwood.    Cc^ 
basins,  by  Franklin  Piatt.    Vol.  GG.     Harrisburg,  1880. 

343. 

1879— Sherwood  (A.).    Geological  map  of  Sullivan  County.    Scale, 
miles  to  the  inch. 

Accompanying   ''2d  Geol.    Surv.   Pennsylvania."    Beport  of  progress  i^ 
Sullivan  County,  by  Franklin  Piatt.     Vol.  GG.     Harrisburg,  1880. 
Field  notes,  by  Andrew  Sherwood.     Coal  basins,  by  Franklin  Piatt. 
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344. 

0 — ^Flatt  (W.  G.).  Geological  map  of  Armstrong  County,  Scale,  2 
miles  to  1  inch. 

AcojmpaDying  ''2d  Qeol.  Sorv.  Pennsylvania."  Report  of  progress  in 
Armstrong  Connty.    Vol.  H5.    Harrisburg,  1880. 

345. 

M^Flatt  (W.  G.).  Geological  map  of  Jefferson  County.  Scale,  2 
miles  to  1  inch. 

Accompanying  ''!2d  Geo).  Snrv.  PennsylTania.'^  Report  of  progress  in 
Jefferson  County.    Vol.  H6.    Harrisburg,  1881. 

346. 

BO— White  (I.  C).  Geological  map  of  Crawford  and  Erie  Counties. 
ScalCy  2  miles  to  the  inch. 

Accompanying  *'  2d  Qeol.  Snrv.  Pennsylvania."    The  geology  of  Erie  and 
and  Crawford  Coontiee,  by  I.  C.  White.    Vol.  Q.    Harrisburg,  1881. 
In  two  sheets. 

347. 

1 — ^Aihbumer  (C.  A.).  Map  of  part  of  the  Mahanoy  and  Shenan- 
doah basins  in  the  second  anthracite  coal  fields,  showing  the 
Bhai>e  of  the  floor  of  the  mammoth  bed  by  contour  lines  50  feet 
apart,  and  the  area  of  the  bed  worked  out  and  under  develop- 
ment. Scale,  1,000  feet  to  1  inch,  12  meters  to  1  milimeter 
ttJot  o^  nature. 

Accompanying  ''New  method  of  mapping  the  anthracite  coal  fields  of  Penn- 
sylvania.''  Trans.  Amer.  Inst.  Mining  Engrs.,  Vol.  IX,  Ashbumer,  Plate  I, 
p.  516.    Easton,  Pa.,  1881. 

In  colored  etching  and  geological  indications,  it  is  essentially  the  same  as 
the  map  in  ''2d  Geol.  Snrv.  Pennsylvania,"  Vol.  A  2,  by  Ashbumer,  C.  A.,  and 
Sheafer,  A.  W.,  1881— No.  348. 

348. 

X— Aihbnmer  (0.  A.)  and  Sheafer  (A.  W.).  Map  of  part  of  the 
Mahanoy  and  Shenandoah  basins  in  the  second  anthracite  coal 
field.    Scale,  800  feet  to  1  inch. 

Accompanying  "2d  Geol.  Snrv.  Pennsylvania.''  A  special  report  upon  the 
causes,  kinds,  and  amount  of  waste  in  mining  anthracite,  by  Franklin  Piatt. 
Vol.  A2.    Harrisburg,  1881. 

In  colored  etching  and  geological  indications.  This  map  also  appeared  in 
TnoM.  Amer.  Inst.  Mining  Engrs.,  Vol.  IX,  p.  616 — No.  347. 

349. 

^l^Harden  (E.  B.).  Geological  model  of  part  of  Blair,  Bedford,  and 
Huntingdon  Counties,  Pennsylvania.    Scale,  5  miles  to  the  inch. 

Accompanying  "Proc.  Amer.  PhiL  Soc,"  Vol.  XIX,  No.  109.    Philadelphia, 
1881. 
In  black,  with  numbers  corresponding  to  colours ;  apparently  a  phototype. 
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360. 

1881 — ^Flatt  (F.).    Topographical  and  geologioal  map  of  that 
Blair,  Bedford,  and  Huntingdon  Counties,  south  of  thi 
Juniata  Biver,  between  Tussey  and  Alleghany  Mounta 
eluding  Morrison's  Gove,  Oanoe,  Sinking,  and  Scotch  "^ 
Scale,  1,600  feet  to  1  inch. 

Accompanying  ''2d  GeoL  Soxv.  PennsylTania."  Blair  atlaa, T.  Ha 
1881. 
In  fourteen  sheets. 

361. 

1881 — ^Platt  (F.).    Index  to  the  topographical  and  geological 
that  part  of  Blair,  Bedford,  and  Huntingdon  Counties,  c 
the  Little  Juniata  Biver,  between  Tussey  and  Alleghany 
ains,  including  Morrison's  Gove,  Oanoe,  Sinking,  and 
Valleys.    Scale,  8,000  feet  to  1  inch. 

Accompanying  *'  2d  Geol.  Surv.  Pennsylvania."  Blair  atlas,  T.  Ha 
1881. 

352. 

1881 — ^White  (I.  0.).    Geological  map  of  Susquehanna  and 
Oounties,  and  a  part  of  Lackawanna  County. 

Accompanying  ''2d  Geol.  Snrv.  PennsylTania."     The  geology  of 
hanna  and  Wayne  County,  by  I.  C.  White,  YoL  G  5.    Harrisbnig,  188 
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353. 

1896 — ^Hildreth  (S.  P.)-  A  topographical  and  geological  map  of  the 
ooal  measares,  and  of  the  mariatiferous  and  fermginons  deposits 
in  the  secondary  region  of  the  valley  of  the  Ohio. 

Accompanying  "Observations  on  the  bitnminons  coal  deposits  of  the  valley 
of  the  Ohio  and  the  accompanying  rock  strata."  Amer.  Jonm.  SiUimaai  Yol. 
XXIX.    Xew  Haven,  1836. 

Black  etching,  and  with  geological  in4ication8. 

354. 
18S8 — ^Loeka  (John).    Geological  map  of  Adams  County,  Ohio. 

Accompanying  ''Second  annual  report  on  the  geological  survey  of  the  State 
of  Ohio,"  p.  2.38.    OolambuB,  1838. 
Black,  with  geological  indications. 

a55. 

» 

(John).    Geological  and  magnetical  chart  of  Copper  Har* 
bor  (Lake  Superior).    Scale,  2|  inches  to  a  mile. 

Accompanying  "Observations  made  in  the  years  1838,  '39,  '40,  '41,  '42,  and 
'43,  to  determine  the  magnetical  dip,  etc."  Trans.  Amer.  Phil.  Soo.  New 
aeries.    AP.    Vol.  IX,  Article  XI,  Plate  XLY.    Philadelphia,  1846. 

Black  etching,  and  geological  indications. 

356. 

(W.  A.).    Geological  map  of  township  lines  in  the  northern 
peninsnla  of  Michigan. 

Accompanying  *'Oeolog]cal  report."    Message  from  the  President  of  th« 
United  States,  Part  III,  p.  811.    Washington,  1849. 
Black,  with  lithological  indications. 

367. 

^^S — ^Bhmghton  (Doaglass).    Geological  map  of  townships  in  the  north- 
em  peninsnla  of  Michigan. 

Accompanying  "Geological  report."    Message  from  the  President  of  the 
United  States,  Part  III,  p.  880.    Washington,  1849. 
Black,  with  lithological  indications. 

358. 

(W.  A.).    Geological  map  of  a  district  of  township  lines  in 
the  northern  peninsnla  of  Michigan. 

Accompanying ''Geological  report."  'Message  from  the  President  of  the 
United  States,  Part  III,  p.  811.    Washington,  1849. 
Black,  with  lithological  indications. 
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359. 

1M6— Higgins  (S.  W.)  and  Hubbard  (Bela).    Geological  map 
tiict  E.  and  W.  of  the  ODtonagon  (Lake  Sai)erior). 

Accompanying  "Geological  report."     Message  from  the  Presid 
United  States,  Part  lU,  p.  b33.    Washington,  1849. 
Black,  with  lithological  indications. 

360. 

1846 — ^Hubbard  and  Ives.  Geological  map  of  the  district  sabdi 
Messrs.  Hubbard  and  Ives. 

Accompanying  **  Geological  report  of  Bela  Hnhhard."    Messag 
President  of  the  United  States,  Part  III,  p.  882.    Washington,  1849. 
A  map  of  the  district  between  L'Anse  and  Granite  Point,  Lake  S 
In  black,  with  lithological  indications. 

361. 

IMS— Whittleiey  (Charles).  Outline  map  of  the  geological  i 
of  Ohio. 

Accompanying  "Outline  sketch  of  the  geology  of  Ohio,*'  in  Howe't 
Collections,  p.  579.    (Cleveland),  1848. 
Black  etching,  with  geological  indications.    Reprinted  in  1856. 

362. 

IMS— Jackson  (G.  T.).  Geological  map  of  Keweenaw  Point, ! 
perior. 

Accompanying  **  Report  on  the  geological  survey  of  the  mineral  1 
United  States  in  the  State  of  Michigan.''  Message  firom  the  Pre6i< 
United  States.    Part  III.    Washington,  1849. 

363. 
1848 — Jaekson  (0.  T.).    Geological  map  of  Isle  Boy  ale.  Lake  S 

Accompanying  "Report  on  the  geological  survey  of  the  miner 
the  United  States  in  the  State  of  Michigan."  Message  from  the  F 
the  United  States.    Part  III.    Washington,  1849. 

364. 

1850— Foster  (J.  W.)  and  Whitney  (J.  D.).  Geological  map  of  E 
Point,  Lake  Superior^  Michigan ;  assisted  by  S.  W.  Hi] 
Schlatter. 

Accompanying  *' Report  on  the  geology  and  topography  of  a  poi 
Lake  Snx»erior  land  district  in  the  State  of  Michigan."  Part  I.  Co 
Washington,  1850. 

365. 

1860^Fo8ter  (J.  W.)  and  Whitney  (J.  D.).  Geological  ma] 
Boyale,  Lake  Superior,  Michigan ;  assisted  by  S.  W.  Hil 
Schlatter. 

Accompanying  ^'Report  on  the  geology  and  topography  of  a  poi 
Lake  Superior  land  district  in  the  State  of  Michigan."  Part  I.  Co 
Washington,  1850. 
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366. 

I60-Potter  (J.  W.)  and  Whitney  (J.  D.).  Geological  map  of  the  district 
between  Portage  Lake  and  Montreal  Biver,  Lake  Saperior,  Mich- 
igan ;  assisted  by  S.  W.  Hill  and  W.  Schlatter. 

Aooompanying  ''Beport  on  the  geology  and  topography  of  a  portion  of  the 
Lake  Superior  land  district  in  the  State  of  Michigan."  Part  I.  Copper  lands. 
Washington,  1650. 

367. 

161— Foster  (J.  W.)  and  Whitney  (J.  D.).  Geological  map  of  the  Lake 
Superior  land  distnct  in  the  State  of  Michigan. 

Aooompanying  '^  Report  on  the  geology  of  the  Lake  Superior  huid  district." 
Part  II.  The  iron  region,  together  with  the  general  geology.  Washington, 
1851. 

368. 

il — ^Auonyinoas  (Foster  (J.  W.)  and  Whitney  (J.  D.) ).  Section  and  dia- 
gram illustrating  the  geology  of  the  region  between  the  northern 
shores  of  Lakes  Saperior  and  Michigan. 

Aooompanying  ''Report  on  the  geology  of  the  Lake  Superior  land  district.'' 
Part  II.  The  iron  region,  together  with  the  general  geology.  Washington, 
1851. 

No  name  of  authors  on  the  map,  but  certainly  by  Foster  and  Whitney. 

369. 

Bl — ^Foster  (J.  W.)  and  Whitney  (J.  D.).  Geological  map  of  the  district 
between  Keweenaw  Bay  and  Chocolate  Biver,  Lake  Saperior, 
Michigan. 

Accompanying  ''Report  on  the  geology  of  the  Lake  Superior  land  district.'' 
Part  II.  The  iron  region,  together  with  the  general  geology.  Washington, 
1861. 

370. 

SI— -Xoeh  (F.  G.  L.).  Gtoognostische  Elarte  der  Mineral-Begionen  am 
Lake  Saperior,  Michigan,  North  Amer. 

Accompanying  *'Die  Miueral-Regiouen  der  obern  Halbiusel  Michigan's  (N. 
A.)  am  Lake  Superior  und  die  Isle  Royal.    Gottingen,  1852. 

•    37L 

^3 — ^Whitney  (J.  D.).  Geological  map  of  Keweenaw  Point,  Lake  Sa- 
perior, Michigan,    folio.    New  York,  1853. 

Mr.  Whitney  was  assisted  by  S.  W.  Hill  and  W.  S.  Stephens. 

372. 

^8— BiTot  (L.  E.).  Carte  g6ologiqne  da  Lac  Snp^rienr,  iStat  de 
Michigan,  dress^e  par  MM.  J.  W.  Foster  et  J.  D.  Whitney. 

Accompanying  *'  Voyage  an  Lac  Sup^rieur."    Annales  des  mines,  5*  s^riOi 
tome  Vn,  p.  173,  pi.  VI.    Paris,  1855. 
Also  issued  separately. 
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373. 

1866 — Bivot  (L.  E.).  Cartes  de  Hie  Boyale,  de  la  Pointe  de  Eeweenav 
et  de  I'OntonagoD,  dress^es  par  MM.  Foster  et  Whitney. 

Accompanying  "  Voyage  an  Lac  Snp^rienr."    Paris,  1855. 

374. 

1866 — Vewberry  (J.  S.).  Map  of  the  A.  and  K  L.  B.  B.,  its  connections 
and  geology.    (Ohio.) 

Accompanying  **  Beport  on  the  economical  geology  of  the  ronte  of  the  i§b- 
tabula  and  New  Lisbon  Railroad."    Cleveland,  1857. 
Black  etching  and  geological  indications. 

376. 

# 

1866 — ^Whittlesey  (Charles).  Outline  map  of  the  geological  formation 
of  Ohio. 

Accompanying  ^'OatUne  sketch  of  the  geology  of  Ohio;  in  outlines  of  the 
geology  of  Ohio,"  p.  579.     Cleveland,  185C. 
Black  etching,  with  geological  indications.    Reprint  of  the  map  of  1848. 
See  Wliittlesey  (Charles),  1848— No.  361. 

376. 

1866 — ^Whittleiey  (Oharles).  Geological  railroad  and  township  map  of 
the  State  of  Ohio.  Geological  ontlines  by  Oharles  Whittlesey. 
Scale,  12  miles  to  the  inch. 

Accompanying  **  Outlines  of  the  geology  of  Ohio.''    Cleveland,  1856. 
Reprinted  in  1873  to  compare  with  a  reprint  of  J.  8.  Newberry's  map  of  Ohio 
of  1867,  in  ''  Paleontology  and  the  moral  sense/'  by  C.  Whittlesey. 

377. 

1866 — Sayler  (N.).    Geological  map  of  Ohio.    Scale,  5  miles  to  the  iBeb. 
Oincinnati,  Ohio,  1865. 

Unseen. 

378. 

1866— Sayler  (N.)    Geological  map  of  Indiana.     Scale,  5  miles  to  tb^ 
inch.    Cincinnati,  Ohio,  1865. 

Unseen. 

379.  , 

1866— Winohell  (Alexander).     Map  of  the  Grand  Traverse  legiiV^ 
(Michigan). 

Accompanying  "A  report  on  the  geological  and  indnstrial  lesouroes  of  tt*^ 
oonnties  of  Antrim,  Grand  Traverse,  Benzie,  and  Leelanaw  in  the  Low^^ 
Peninsula  of  Michigan."    Ann  Arbor,  1866. 
Black,  with  dotted  lines  and  geological  IndicationB. 

380. 
1867— Vewherry  (J.  S.).    Geological  map  of  Ohio. 

Accompanying  **  Stebbins's  atlas  of  Oliio."    (  .) 

Unseen. 
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381. 

9— BrookB  (T.  B.).    Map  of  Kepublic  Mountain  and  vicinity,  Mar- 
quette County,  Michigan.    Scale,  x^hjf  =  ^^  fe®*J  to  the  inch. 

Accompany  iDg*' Geological  Buryey  of  Michigan.''  Atlas  folio.  1873.  Plate 
VI.    New  York,  1873. 

382. 

B— Credner  (H.).  Geognostische  Uebersichts-Karte  der  Eisenregionen 
der  oberen  Halbinsel  von  Michigan. 

Accompanying  ''Dieyoreilarischen  Gebilde  der  oberen  Halbinsel  von  Michi- 
gan in  Nord-America.''  Zeitscb.  Deut.  Geol.  Gesells.  Vol.  XXI.  Taf.  VUI, 
Berlin,  1869. 

Black  etching,  and  geological  indications. 

383. 
B— Whittl6iey  (Gharles).    Geological  map  of  Eastern  Ohio. 

Accompanying  ''The  physical  geology  of  Eastern  Ohio.''  Memoirs  Boston 
Boo.  Nat.  Hist.,  Vol.  I,  p.  598.    Boston,  1669. 

384. 
fO— lewberry  (J.  S.).    Preliminary  geological  map  of  Ohio. 

Accompanying  ''  Geological  survey  of  Ohio  ",  1869.    Colnmbns,  1871. 

385. 

n-Gnbart  (6.  K.)    Map  of  Lacas  County,  colored  to  show  the  geo- 
logical stractare. 

Accompanying  *'  Geological  snirey  of  Ohio",  G^eology.  Vol.  I,  p.  573.  Co» 
lambns,  1873. 

386. 

)n— BrookB  (T.  B.).    Map  of  the  Menominee  iron  region,  npper  penin- 
8ala,  Michigan.    Scale,  7,040  feet  to  one  inch  or  |  inch  to  a  mile. 

Accompanying  "Geological  survey  of  Michigan."  Atlas  folio.  1873.  Plate 
IV.    New  York,  1873. 

387. 

KfS-«Brooki  (T.  B.).    Map  of  the  Marquette  iron  region,  npper  penin- 
sola,  Michigan.    Scale,  7,040  feet  to  the  inch. 

Accompanying  "Geologicalsnrveyof  Michigan."  Atlas  folio.  1873.  Plate 
m.    New  York,  1873. 

388. 

i'S^Stevenson  (J.  J.).    Map  to  show  limits  of  the  upper  coal  meajsnret 
in  Ohio. 

Accompanying  **  The  npper  coal  meanares  west  of  the  Alleghany  Monnt- 
atns."  Annals  of  Lyceum  of  Natural  History  of  New  York,  Vol.  X.  Plate 
Xn.    New  York,  1874. 

(81) 

Bull.  7 6 


I 


82  MAPOTECA   GEOLOGICA   AMEBICANA.  [niLT. 

389. 

1873— Borden  (W.  W.).  Geological  maps  of  Clark  and  Floyd  GouDtiea 
iDdiana. 

Accompany iog  '*  Fifth  annual  report  of  the  geological  enrv.  of  Indiuu 
made  daring  the  year  1873",  by  £.  T.  Cox.    Indianapolis,  1874. 

390. 
187S — Crollett  (JobD).    (Geological)  map  of  Lawrence  County,  iDdiao 

Accompanying  ''Fifth  annual  report  of  the  geological  snrr.  of  Indiani 
Indianapolis,  1874. 
Black,  with  geological  indications. 

391. 

1878 — Kewberry  (J.  S.).    Geological  map  of  Ohio. 

Accompanying  ''Paleontology  and  the  moral  sense,"  by  Charles  Whittles' 
p.  9.    Cleveland,  1873. 

See  Newberry  (J.  S.),  1867— No.  384. 

392. 

1878— Kewberry  (J.  8.).    Geological  map  of  Cayahoga  County. 

Accompanying  "  Geological  snrvey  of  Ohio."    Geology.   Vol.  I,  p.  171.  C 
Iambus,  1873.  _ 

•      393. 

1878— Kewberry  (J.  S.)*    Geological  map  of  Clarke  County. 

Accompanying  "Geological  survey  of  Ohio."    Geology.  Vol.  I,  p.  480.  C 
Inmbus,  1873. 

394. 

1873 — Kewberry  (J.  S.).    Geological  map  of  Summit  County. 

Accompanying  **  Geological  survey  of  Ohio."    Geology.    Vol.  I,  p.  SOL  ( 
Inmbus,  1873. 

395. 

1878 — Orton  (Edward).  Map  showing  lines  of  junction  of  Cincinni 
group  and  Clinton  limestone,  or  of  Lower  and  Upper  SiluriaOi 
Southwestern  Ohio.    Scale,  5  miles  to  1  inch. 

Accompanying  "Geological  survey  of  Ohio."    Geology.   Vol.  I,  p.  413.   < 
Inmbus,  1873. 

396. 

1873 — ^Pumpelly  (Raphael).  Map  to  accompany  the  cross-sectionB 
the  Portage  Lake  district.    Scale,  1=12,000. 

Accompanying  *' Geological  survey  of  Michigan."   Atlas  folio.    1873.   Fll 
XlVtt  and  xiv6.    New  York,  1873. 
A.  R.  Marvine  and  L.  G.  Emerson,  assistants;  in  two  sheets. 

397. 

1878 — Pompelly  (Raphael).  Map  to  accompany  the  cross  sections  of 
Eagle  River  district.    Scale,  1 : 4,800  (or)  400  feet  to  an  inch. 

Accompanying**  Geological  survey  of  Michigan."    Atlas  folio.    1873.    P 
XX.    Now  York,  1873. 
A.  II.  Marvine  and  S.  B.  Lndd,  assistants. 
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405. 

rS— Bead  (M.  0.).  Geological  map  of  Ashtabala,  Lake,  Oeaaga,  and 
Trambnll  Comities. 

Accompaoying ''Geological  survey  of  Ohio/'    Geology.    Vol.  I,  p.  483.    Co- 
lam  bus,  1673. 

399. 

S— Bominger  (Charles),  Pumpelly  (Eaphael)  &  Brooks  (T.  B.).  Map 
of  the  Upper  Peuinsula.  Palsezoic  rocks,  by  C.  Bominger; 
copper-bearing  rocks,  by  E.  Pumpelly ;  iron-bearing  rocks  (IIu- 
ronian),  by  T.  B.  Brooks;  Lanrentian  rocks,  by  Brooks  &  Pam- 
pelly.    Scale,  13  miles  to  an  inch,  ^tsSttxt- 

Accompanying  "Geological  survey  of  Mich  igan.'*    Atlas  folio.    1873.    Plate 
I.    New  York. 

400. 

I — ^Whittlesey  (Charles).  Geological  map  of  Ohio.  Geological  out- 
lines, by  Charles  Whittlesey,  1856. 

Accompanying  "Paleontology  and  the  moral  sense,"  p.  8.    Cleveland,  1873. 
See  'Whittlesey  (Charles),  1856,  a  redaction  in  black,  with  indications  by 
nambers — No.  376. 

401. 

I — ^Winchell  (K  H.).    Geological  map  of  Wyandot  County. 

Accompanying  "Geological  survey  of  Ohio."    Geology.    Vol.  I,  p.  625.    Co- 
lumbus, 1873. 

402. 

I — ^Winchell  (K  H.).    Geological  map  of  Marion  County. 

Accompanying  "Geological  survey  of  Ohio."    Geology.    Vol.  I,  p.  640. 
Columbus,  1873. 

403. 

1 — ^Winohell  (N.  H.).    Geological  map  of  Seneca  County. 

Accompanying  "  Geological  survey  of  Ohio."    (Geology.    Vol.  I,  p.  611.    Co- 
lumbus, 187:). 

404. 

ft— Winchell  (IS.  H.).    Geological  map  of  Sandusky  County. 

Accompanying  "  Geological  survey  of  Ohio."    Geology.  Vol.  I,  p.  593.    Co- 
lumbus, 1873. 

405. 

4— Vewberry  (J.  S.).  Geological  map  of  Erie  County,  and  the  Is- 
lands. 

Accompanying  "  Geological  survey  of  Ohio."  Vol.  II,  p.  185.  Columbus,  1874. 

406. 

^4— Orton  (Edward).  Geological  map  of  Highland,  Ross,  and  Pike 
Counties. 

Accompanying  "  Geological  survey  of  Ohio,"  Vol.  II,  p.  611.    Columbus, 

1874. 
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407. 
1874 — Orton  (Edward).    Geological  map  of  Green  GouDty. 

Accompanyiiig  **  Geological  survey  of  Ohio,"  Vol.  n,  p.  659.    Colnmlrafl} 
1874. 

408. 
1874 — ^Winchell  (K  H.).    Geological  map  of  DefiaDce  County. 

Accompanying  "Geological  survey  of  Ohio,*'  Vol.  II,  p.  422.   ColambiUi  VSl^ 

409. 
1874 — ^Winohell  (N.  H.).    Greological  map  of  Ottawa  County. 

Accompanying  ''Geological  snrvey  of  Ohio,"  Vol.  II,  p.  227.   Colamhas,  18^ 

410. 

1874 — ^Winohell  (N.  H.).    Geological  map  of  Crawford  County. 

Accompanying  "  Geological  snrvey  of  Ohio,"  Vol.  II,  p.  237.   ColnmhuB,  1^ 

411. 
1874 — ^Winchell  (K  H.).    Geological  map  of  Morrow  County. 

Accompanying  * '  Geological  sorvey  of  Ohio,"  Vol.  11,  p.  253.  Colombiu,  U^ 

412. 
1874 — ^Winchell  (N.  H.).    Geological  map  of  Delaware  County. 

Accompanying  * '  Geological  survey  of  Ohio,"  Vol.  II,  p.  272.    Colambos,  1^ 

413. 
1874— Winchell  (S.  H.).    Geological  map  of  Van  Wert  County. 

Accompanying  "  Geological  survey  of  Ohio,"  Vol.  II,  p.  314.  Columbus,  t€ 

414. 

1874 — ^Winohell  (N.  H.).    Geological  map  of  TTnion  County. 

Accompanying  "  Geological  survey  of  Ohio,"  Vol.  II,  p.  324.     Colnml? 
1874. 

415. 
1874 — ^Winohell  (N.  H.).    Geological  map  of  Paulding  County. 

Accompanying  ''Geological  survey  of  Ohio,"  Vol.  11,  p.  336.     Columl^ 

1874. 

416. 
1874 — Winohell  (N.  H.).    Geological  map  of  Harding  County. 

Accompanying  "Geological  survey  of  Ohio,"  Vol.11,  p.  354.    Colombc 
1874. 

417. 
1874 — Winohell  (N.  H.).    Geological  map  of  Hancock  County. 

Accompanying  *' Geological  survey  of  Ohio,"  Vol.  II,  p.  358.    Colombu 

1874. 
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418. 

74— Winchell  (K  H.).    Geological  map  of  Wood  County. 

Accompanying  *' Geological  survey  of  Ohio,"  Vol.11,  p.  368.  Columbna, 
1874. 

419. 
4— Winohell  (N.  H.).    Geological  map  of  Patnam  County. 

Accompanying  "Geological  Borvey  of  Ohio,''  YoLH,  p.  387.  ColamboSy 
1874. 

420. 
t — ^Winohall  (N.  H.).    Geological  map  of  Henry  County. 

Accompanying  "Geological  survey  of  Ohio,"  Vol.  II,  p.  416.  ColamboSy 
1874. 

421. 
i — Sauvage  (M.  £.).    Carte  de  la  region  ferriffere  de  Michigan.    Scale, 

Accompanying  "  Notice  6ur  lea  minerals  de  Fer  du  Lao  SupMeur.''    An- 
nalee  dee  mines,  7«  s^rie,  tome  VIII,  PI.  I.    Paris,  1875. 
In  black  etching  and  one  color. 

422. 

I — ^Whittlesey  (Charles).   Physical  geology  of  Lake  Superior.    Scale, 
50  mile^  to  J  inch. 

Accompanying ' '  Physical  geology  of  Lake  Superior.''  Proceedings  of  Amer* 
lean  Association  for  the  Advancement  of  Science,  Vol.  XXIV,  p.  64.  Salem, 
1876. 

423. 

I — ^Bominger  (Charles).    Geological  map  of  the  lower  peninsula. 
Scale,  13  miles  to  one  inch,  or  1 :  823,680. 

Accompanying  '*  Geological  survey  of  Michigan,"  VoL  HI,  Part  L  New 
York,  1876. 

424. 
B — Spencer  (J.  W.).    Keweenaw  Point.    Scale,  20  miles  to  the  inch. 

Accompanying  '*  On  the  Nipigon  or  copper-bearing  rooks  of  Lake  Superior,'' 
with  notes  on  copper  mining  in  that  region.  The  Canadian  Naturalist  and 
Geologist,  new  series.  Vol.  VIII,  p.  55.    Montreal,  1878. 

Black  etching. 

425. 
8— Hill  (F.  0.)    Map  of  Logan  and  Champaign  Counties. 

Accompanying  ''Geological  survey  of  Ohio."  Geology.  Vol.  Ill,  p.  49L 
Columbus,  1878. 

426. 
'8— Vewberry  (J.  S.).    Map  of  Portage  County. 

Accompanying  **  Geological  survey  of  Ohio.''  Geology.  Vol.  HI,  p.  183» 
Columbus,  1878. 
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427. 
1878— Orton  (Edward).    Map  of  Butler  Goonty.  " 

Accorapanying  "  Oeologioal  survey  of  Ohio."    Geology.    Vol.  Ill,  p.  399. 
Columbus,  1878. 

428. 
1878— OrtoxL  (Edward).    Map  of  Preble  County. 

Accompanying  ''Qeological  sarrey  of  Ohio."    Geology.    Yol.  Ill,  p.  104* 
Colnmbns,  1878. 

429. 
1878— OrtoxL  (Edward).    Map  of  Franklin  County. 

Accompanying  **  Geological  survey  of  Ohio."    Geology.    Vol.  Ill,  p.  5O0« 
Columbus,  1876. 

430. 
1878— Orton  (Edward).    Map  of  Warren  County. 

Accompanying  *' Geological  survey  of  Ohio."    Geology.    Vol.  m,  p. 
Columbus,  1878. 

431. 
1878— Read  (M.  C).    Map  of  Huron  County. 

Accompanying  "  Geological  survey  of  Ohio."    Geology.    Vol.  Ill,  p. 
Columbus,  1878. 

432. 

1878— Read  (M.  C).    Map  of  Eichland,  Ashland,  Wayne,  Knox,  Holm^^ 
Coshocton,  and  Licking  Counties. 

Accompanying  •*  Geological  survey  of  Ohio."    Geology.     Vol.  Ill,  p* 

Colmnbiis,  1878. 

433. 

1878 — Stevenson  (J.  J.).    Map  to  show  limits  of  the  Upper  Coal  MeafiCt*^'^* 
in  Ohio,  north  from  Central  Ohio  E.  E. 

Accompanying ''Geological  survey  of  Ohio."     Geology.    Vol.  Ill,  p. 
Columbus,  1K78.  . 

In  black,  with  a  dotted  line  showing  the  western  and  northern  bonnda^^^ 
the  Pittsburgh  coal. 

434. 
1878— Weat  (A.  W.).    Map  of  Medina  County. 

Accompanyiug  ''Geological  survey  of  Ohio,"    Geology.    Vol.  m,  p. 
Columbus,  1878. 

435. 

1879— dewberry  (J.  S.),  Andrews  (E.  B.),  Orton  (Edward),  Read  (M.  O-^^; 
Oflbert  (G.  K.),  Winchell  (S.  H.),  and  Hill  (F.  C).    Geologi' 
map  of  the  State  of  Ohio. 

Accompanying  *'  Geological  survey  of  Ohio."    Atlas  folio.    New  York,  1^ 
Six  sheets,  forming  a  geological  atlas  of  the  State  of  Ohio.    PubUshed 
authority  of  the  legislature. 
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436. 

It  (G.  B.).  JMap  of  the  Menominee  iron  district  and  adjacent 
)ry. 

impanying  "  Atinual  report  of  the  commissioner  of  mineral  statiaticB  of 
bte  of  Michigan  for  1880."    Laosing,  1881. 

437. 

(John).    Outline  geological  map  of  Indiana. 

mpanying  **  Second  annual  report  of  the  department  of  statiatics  and 

J  of  Indiana/'  p.  450.    Indianapolis,  1880. 

k  etching  and  geological  indications.    It  is  reprinted  in  the  eleventh 

[  report  of  the  StAte  geologist,  p.  12,  1881. 

:;oUet  (John)  1881— No.  441 . 

438. 
(John).    Map  of  Putnam  County,  Indiana. 

»mpanying  ''The  geology  of  Putnam  Coanty."  Second  annaal  report 
department  of  statistics  and  geology  of  Indiana,  p.  397.     Indianapolis, 

k  etching  and  geological  iuuications. 

439. 
6  (G.  K.).    Map  of  Munroe  County. 

»mpanying  ''Geology  of  Munroe  Cimnty ."  Second  annual  report  of  the 
ment  of  statistics  and  geologv  of  Indiana,  p.  427.  Indianapolis,  1880. 
k,  with  geological  indications. 

440. 
(Edward).    Map  of  Eastern  Ohio. 

mpanying  "  Review  of  stratigraphical  geology  of  Eastern  Ohio,"  in 
nport  of  the  Secretary  of  State,  1879.     Colnmbns,  1880. 
k,  with  geological  indications. 


ii 


J 


441.  |j 

(John).    Outline  geological  map  of  Indiana. 

•mpanying  '*  Eleventh  annual  report  of  the  State  geologist  of  Indiana^'' 
Indianapolis,  1881. 
3oUet  (J.),  leao— No.  437. 

442. 
(John).    Map  of  Shelby  County. 

•mpanying  "  Geology  of  Shelby  County  accompanying  eleventh  ^^tinnftl 
of  State  geologist  of  Indiana,''  p.  55.    Indianapolis,  1882. 
k  etching  and  geological  indications.  . 

443. 

II  (B.  T.).    Map  of  Fountain  County,  Indiana.  ] 

»mpanying  "  Fountain  County  geology,  geography,  Slo.  ;  eleyenih  uft- 
)port  of  the  State  geologist  of  Indiana,"  p.  89.    Indianapolis,  1880. 
k  etching  and  geological  indications. 
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444. 

1881— Phixmey  (A.  J.).    Map  of  Delaware  Coanty. 

Acoompanying  **  Oeology  of  Delaware  county ;  eleTenth  annual  repoitofthe 
State  geologist  of  Indiana,"  p.  126.    Indianapolis,  1882. 
Black  et<ching  and  geological  indications. 

445. 
1881 — Elrod  (M.  N.).    Map  of  Bartholomew  Goanty,  Indiana. 

Accompanying  '*  Qeology  of  Bartholomew  Coanty;  eleventh  aonoaliepoK 
of  the  State  geologist  of  Indiana,"  p.  150.    Indianapolis,  1882. 
Black  etching  and  geological  indications. 

446. 

1881 — Rominger  (Gkarles).    Geological  map  of  the  environs  of  H^ 
qnette,  Negannee,  and  Ishpeming.    Scale,  li  inch  for  1  mile. 

Accompanying  "Geol.  snry.  of  Michigan,  npper  peninsnla,  1878-18^= 
Vol.  IV.    New  York,  1881. 

447. 


1881— Winchell  (K  H.).    Sketch  map  of  Isle  Boyale,  Lake  Snperic 

Accompanying  "Geological  and  Nat.  Hist.  Snrv.  of  Minnesota^" tenUu^ 
naal  leport,  Plate  III.    St.  Paul,  1882. 
Black,  with  geological  indications. 
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*      448. 
S— Owen  (D.  D.)«    Chart  of  the  great  Ulinois  coal  field. 

Accompany  iDg  **  Report  of  a  geological  exploration  of  part  of  Iowa,  Wiacon- 
rin,  and  Illinois,  made  in  tbe  antomn  of  the  year  1839/'    (Washington),  1844. 

449. 

I — Owen  (D.  D.)*  Geological  section  from  the  mouth  of  Bock 
Biver  through  the  blue  mounds  to  the  Wiscousiu  Biver  in  con- 
nection with  a  geological  chart  of  part  of  Iowa,  Wisconsin,  and 
Elinois. 

Accompanying  **  Report  of  geological  exploration  of  parts  of  Iowa,  Wis- 
consin, and  Illinois,  made  in  the  autnmn  of  the  year  1839.''  Plate  III. 
(Washington),  1844. 

450. 

> — Owen  (D.  D.).  Geological  chart  of  part  of  Iowa,  Wisconsin,  and 
Illinois. 

Accompanying  *^  Report  of  a  geological  exploration  of  part  of  Iowa,  Wis' 
con  in,  and  niinois,  made  in  the  antnmn  of  the  year  1839."  (Washington), 
1844. 

An  edition  of  the  report  was  made  in  1840,  but  without  the  accompanying 
charts.  Washington  is  not  named  in  the  title  page  as  the  place  of  publica- 
tion ;  the  only  inscription  is,  '*  Ordered  to  be  printed  by  the  Senate  of  the 
United  States." 

451. 

I — Owen  (D.  D.).  Provisional  geological  map  of  part  of  the  Chip- 
pewa land  district  of  Wisconsin,  with  part  of  Iowa,  and  of 
Minnesota  Territory,  to  illustrate  the  report  of  a  geological  rec- 
onnaissance made  in  1847. 

Accompanying  ''Report  of  a  geological  reconnaissance  of  the  Chippewa 
land  district  of  Wisconsin ;  and  incidentally  of  a  portion  of  the  Eickapoo 
country,  and  of  a  part  of  Iowa  and  of  the  Minnesota  Territory."  (Washington. 
1849). 

Neither  date  nor  place  of  publication  is  given,  but  very  likely  Washing- 
ton is  the  place. 

452. 

S— Vorwood  (J.  G.).  ^  Geological  map  of  parts  of  Minnesota  and  Wis- 
consin, designed  to  show  portions  of  the  rock  formations  now 
concealed  by  drift. 

Accompanying  *'  Report  of  a  geological  survey  of  Wisconsin,  Iowa,  and 
Minnesota,  and  incidentally  of  a  portion  of  Nebraska  Territory,"  by  D.  D. 
Owen.    4^.    Volume  of  illustrations.    Philadelphia,  1852. 

(89) 


90  MAPOTECA   GEOLOQICA   AMERICANA.  [nu.?. 

453. 

1852— Owen  (Richard).  Geological  map,  coast  view  and  section  of 
Pigeon  Point,  northwest  coast  of  Lake  Superior. 

Accompanying  ''  Report  of  a  geological  snrvey  of  Widconsin,  Iowa,  and 
Minnesota,  and  incidentally  of  a  portion  of  Nebraska  Territory/'  by  D.  D. 
Owen.    4"^.    Volume  of  illustrations.    Rhiladelphia,  1852. 

454. 

1855 — Lapham  (I.  A.).  A  geological  map  of  Wisconsin. .  New  Tork^ 
1856. 

One  sheet  folio. 

455. 

1867— [Hall  (James),  Whitney  (J.  D.),  and  Worthen  (A.  H.)].  Geologicai 
map  of  the  eastern  half  of  the  State  of  Iowa;  by  legislative 
authority. 

Accompanying  "Report  of  the  geological  survey  of  the  State  of  Iowa.'' 
Vol.  I,  Part  I,  p.  146.    (Albany,  N.  Y.),  1858. 

456. 

1857^-Norwood  (J.  G.).    Illinois  geological  survey.    Diagram  of  the 
State  of  Illinois  (colored  geologically).    Drawn  by  H.  A.  XJffers. 

Accompanying  "Abstract  of  a  report  on  Illinois  coals,  and  a  general  notice  of 
coal  fields."    Chicago,  1857. 

457. 

1859 — Whittlesey  (Charles).  Geological  map  of  the  country  on  the  appe^ 
waters  of  the  Menominee,  Peshattego,  and  Oconto  Eivers.  Scale^ 
-j^  of  an  inch  to  the  mile. 

Accompanying  "Paleontology  and  the  moral  sense,"  by  C.  Whittlewy..^ 
Cleveland,  1873. 

458. 

I860 — ^Whittlesey  (Charles).    Geological  map  of  the  Penokie  Range, 
Ashland  County,  Wisconsin.    Scale,  6  miles  to  1  inch. 

Accompanying  "Wisconsin  geological  survey."  Vol.  Ill,  Appendix  A, 
p.  215.     Madison,  1880. 

Reissued  in  black  etching,  one  small  sheet  octavo,  in  "Paleontology  and  the 
moral  sense."    Cleveland,  1873, 

See  'WTilttlesey  (Charles),  1873— No.  476. 

459. 

1862 — Whitney  (J.  D.).  Geological  map  of  the  lead  region  in  the  States 
of  Wisconsin,  Illinois,  and  Iowa. 

Accompanying  "Report  of  geological  survey  of  the  Upper  Mississippi  lead 
region."  Extract  from  **  Report  of  the  geological  survey  of  the  State  of  Wis- 
consin,"   Vol.  I.    Albany,  1862. 
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460. 

4— Bngehnann  (Heni^).    Map  of  Harding  County. 

Accompanying ' '  Geological  aarvey  of  Illinois."    Vol.  I,  p.  350.    Springfield, . 
1866. 

461. 

A^fWhitney  (J.  D.)].    Geological  map  of  the  northwest  comer  of 
IllinoiR. 

Accompanying  "  Geological  sarvey  of  Illinois."    Vol.  I,  p.  154.    Springfield, 
1866.    Called  in  the  list  of  illnstrations   *'  Geological  map  of  the  Galena, 
lead  region."    On  the  map  there  is  no  name  of  author,  no  date,  and  no  scale. 

462. 
W— Whittleiey  (Charles).    Mouth  of  Baptism  Elver. 

Accompanying  ''A  report  of  explorations  in  the  mineral  regions  of  Minne- 
sota during  the  years  1848, 1859,  and  1864,"  p.  26.    Cleveland,  1866. 

Black  etching  and  letters  corresponding  to  geological  indications  in  the 
text. 

463. 

66— WhitHesey  (Charles).  Portion  of  the  north  shore  in  towns  51 
and  52  north,  ranges  12  and  13  west,  St.  Lonis  County,  Minne- 
sota.   Scale,  i  inch  to  the  mile. 

Accompanying  "A  report  of  explorations  in  the  mineral  regions  of  Minne- 
sota during  the  years  1848, 1859,  and  1864,"  p.  35.    Cleveland,  1866. 

Black  etching  and  letters  corresponding  to  geological  indications  in  the 
text. 

464. 

i6-^Wliitile86y  (Charles).  Mouth  of  the  Ke-shik-on-se-kan  or  Cedar 
Biver,  and  Beaver  Bay. 

Accompanying  "A  report  of  explorations  in  the  mineral  regions  of  Minne- 
sota during  the  years  1848, 1859,  and  1864,"  p.  29.    Cleveland,  1866. 

Black  etching  and  letters  corresponding  to  geological  indications  in  the 
text. 

465. 

' — ^Freeman  (H.  C).    Map  of  La  Salle  County. 

Accompanying  ''Geological  survey  of  Illinois,"  Vol.  Ill,  p.  257.  Spring- 
field, 1868. 

466. 

^^-^Lapham  (I.  A.).  A  new  geological  map  of  Wisconsin,  prepared 
mostly  from  original  observations.  Scale,  15  miles  to  1  inch. 
Milwankee,  1869. 

Folio. 

467. 

'O— White  (C.  A.).^  Geological  map  model  of  Iowa. 

Accompanying  ''  Report  on  the  geological  survey  of  the  State  of  Iowa,"  Vol.. 
I,  p.  32.    Des  Moines,  1870. 
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468. 

1670— White  (G.  A.).    Geological  map  of  the  State  of  Iowa. 

AccompanyiDg  **  Report  on  the  geological  survey  of  the  State  of  Iowa," 
Vol.  II.    Des  Moines,  1870. 

469. 

1871 — Blocs  (J.  H.).    OrieDtiruDgs-Karte  zu  den  geologischen  Ifotizen 
ans  MiQDesota. 

Accompanying  ''Geologische  Notizen  aus  Minnesota.''  Zeitscli.  DeaiGML 
Gesell8.,Vol.  XXIU,  Taf.  VIII,  p.  472.    Berlin,  1871. 

Black  etching.  An  English  translation  and  reprint  of  the  map  hu  ap* 
peared  in  the  Tenth  annual  report  of  the  geological  survey  of  Minnesota,  for 
the  year  1881. 

470. 
1871— White  (G.  A.).    Sketch  map  of  the  State  of  Iowa. 

Accompanying  ''American  geological  surveys."    The  Geological  Magaiio6i 
1st  series,  Vol.  VIII,  p.  222.    London,  1871. 
Black  etching. 

471. 

1872 — ^Winohell  (N.  H.).    PrelimiDary  geological  map  of  Minneaota. 

Accompanying  "The  annual  report  of  the  board  of  regents  of  tlie  Univai 
sity  of  Minnesol  a  for  1872.''    Saint  Paul,  1873. 

472. 
1872 — ^Winchell  (N.  H.).    Preliminary  geological  map  of  Minnesota. 

Accompanying  '*  The  first  annoal  report  for  the  year  1872  of  the  geologioe 
and  Natural  History  Survey  of  Minnesota,  p.  45.    Saint  Paul,  1873. 

473. 

1873— Irving  (B.  D.).    Outline  geological  map  of  northern  WiBConsis 
Scale,  15  miles  to  the  inch. 

Accompanying  *'  On  the  age  of  the  copper-bearing  rocks  of  Lake  SuperioTj 
^bo.  Amer.  Joom.  Silliman,  3d  series,  Vol.  VUI,  Plate  IV,  p.  83.  New  Hareo 
1874. 

Black  etching  and  geological  indications. 

474. 

1878 — ^Irving  (B.  D.).    Map  showing  the  formations  at  the  jnnction  o 
Bad  Biver  and  Tyler's  Fork. 

Accompanying  "  Wisconsin  geological  survey."    Vol.  Ill,  Part  III,  P1M« 

XVI,  p.  185.    Madison,  1880. 

Black  etching,  with  geological  indications. 

475. 

1873 — ^IrviDg  (B.  D.).    Map  showing  the  formations  along  Black  Biver 
Jackson  Ooanty. 
Accompanying    "Wisconsin  geological  survey."    Vol.  II,  Part  m,  Plat 

XVII,  p.  493.    Madison,  1877.  « 
Black  etching. 
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476. 

3— WMtUeeey  (Charles).     Geological  map  of  the  Penokie  Eange, 
Ashland  County,  Wisconsin.    Scale,  6  miles  to  1  inch. 

Accompanying  **  Paleontolofi^y  and  the  moral  sense."    Cleveland,  1673. 
See  'Whittlesey  (Charles)  1860~No.  458. 

477. 

74— Irving  (K.  D.).    Wood  and  portions  of  Clark,  Jackson,  Marathon, 
and  Portage  Counties.    Scale,  3  miles  to  the  inch. 

Accompanying    ''Wisconsin  geological  sarrey."     Atlas,  Vol.  II,    Folio, 
Plate  No.  XY.    MUwankee,  1877. 

478. 

ITl-Winchell  (K  H.).    Geological  map  of  the  county  of  Freeborn, 
Minnesota. 

Accompanying  "Geological  and  Nat.  Hist.  Sonr.  of  Minnesota.''     Third 
Annnal  Beport,  p.  148.    Saint  Panl,  1875. 

479. 
174-Wiiichell  (S.  H.).    Geological  map  of  Mower  County,  Minnesotap 

Accompanying  ''Geological  and  Nat.  Hist.  Snrr.  of  Minnesota."     Third 
Annual  Report,  p.  166.    Saint  Paul,  1875. 

480. 

7lk-Harringtoii  (M.  W.).    Geological  map  of  Olmsted  County,  Min- 
nesota. 

Accompanying  "Geological  and  Nat.  Hist.  Sury.  of  Minnesota."    Foortli 
Annaal  Report^  p.  75.    Saint  Panl,  1876. 

481. 

TIUHarrington  (M.  W.).    Geological  map  of  Dodge  County,  Minne- 
sota. 

Accompanying  "Geological  and  Nat.  Hist.  Snnr.  of  Minnesota."    Foorth 
Annnal  Report,  p.  97.    Saint  Paul,  1876. 

482. 

Vt^Earrington  (M.  W.).    Geological  map  of  Steele  County,  Minne- 
sota. 

Accompanying  "Geological  and  Nat.  Hist.  Snrv.  of  Minnesota."    Fourth 
Annual  Report,  p.  107.    Saint  Paul,  1876. 

483. 

t7IUWinchell  (N.  H.).    Geological  map  of  Fillmore  County,  Minne- 
sota. 

Accompanying  "Geological  and  Nat.  Hist.  Sury.  of  Minnesota."    Fourth 
Annnal  Report,  p.  13.    Saint  Paul,  1876. 

(93) 


•94  MAPOTECA    GEOLOGICA   AMERICANA. 

484. 

1876 — Worthen  (A.  H.).  Oeological  map  of  the  State  of  Illinoia 
ton,  1876. 

In  two  large  sheets,  lithographed  at  Boston,  pnblished  by  Legislative 
ity ;  there  is  no  scale  nor  place  of  publication  on  it;  it  was  drawn 
ington,  W.,  St.  John,  O.  H.,  and  Worthen,  C.  K. 

485. 

1876 — Chamberlin  (T.  C).  Map  of  quaternary  formations  of 
Wisconsin.    Scale,  1  inch=12  miles. 

Accompanying  *' Wisconsin  geological  survey."  Atias,  Vol.  11 
Plate  II.    Milwaukee,  1877. 

486. 

1876 — Chamberlin  (T.  C).  Door  and  parts  of  Kewaonee,  Brow 
gamie,  Shawano,  and  Oconto  Counties.   Scale,  3  miles  1o  1 

Accompanying  '*  Wisconsin  geological  survey."  Atlas,  Vol.  II.  Fo 

XII.  Milwaukee,  1877. 

487. 

1876 — ^Chamberlin  (T.  0.).  Kenosha,  Bacine,  Milwaukee,  W$ 
Walworth,  Jefferson,  and  parts  of  Bock,  Dodge,  Was! 
and  Ozaukee  Counties.    Scale,  3  miles  to  the  inch. 

Accompanying  ''Wisconsin  geological  survey."  Atlas,  VoL  1 
Plate  X.    Milwaukee,  1877. 

488. 

1876 — ^Chamberlin  (T.  C).  Fond  du Lac,  Sheboygan,  Manitowoc, ( 
Winnebago,  and  parts  of  Dodge,  Washington,  Ozaukee, 
nee,  Brown,  Outagamie,  and  Waupaca  Counties.  Scale 
to  the  inch. 

Accompanying  "Wisconsin  geological  survey."  Atlas,  Vol.  1 
Plate  XI.    Milwaukee,  1877. 

489. 

1876 — Chamberlin  (T.  C).  Map  of  subsoils  of  Eastern  Wisconsin 
1  inch  =  12  miles. 

Accompan.N  ing  "  Wisconsin  geological  survey."  Atlas  of  VoL  I 
Plate  III.    Milwaukee,  1877. 

490. 

1876— Chamb:rlin  (T.  C),  Irving  (B.  D.),  Strong  (M.).  Iowa,  Lf 
Green,  range  VI  in  Dane,  and  range  III  in  Sauk,  by  M. 
Dane  and  ranges  IV,  V,  VI,  in  Sauk,  by  B.  D.  Irving.  1 
T.  C.  Cbamberiin.    Scale  3  miles  to  the  inch. 

Accompanying  *  *  Wisconwn  geological  snrvey."  Atlas,  Vol  II.    Fol: 

XIII.  Milwaukee,  1877. 
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.      491. 

76— Chamberlin  (T.  C),  and  Irving  (R.  D.).  Juueau,  Adams,  Waushara^ 
Marquette,  Sauk,  Colambia,  and  Oreen  Lake,  north  of  Fox  Biver, 
by  R.  D.  Irving.  Oreen  Lake  and  Dodge  by  T.  0.  Chamberlin. 
Scale,  3  miles  to  the  inch. 

Accompanying    ^'WiscoDBin    geological   survey."    Atlas,   Yol.   II,    folio. 
Plate  XIV.    MUwaukee,  1877. 

492. 

)76— Irving  (B.  D.).  Details  of  the  structure  of  the  Huronian  series  in 
the  vicinity  of  Penokee  Gap,  T.  44,  E.  3  W.  Ashland  County. 
Scale,  ri^. 

Accompanying  "Wisconsin  geological   survey."    Atlas,  Vol.   Ill,   folio. 
Plate  XXIIL    MUwaukee,  1879. 

493. 

W— Irving  (B.  D.),  and  Strong  (M.).    Trempealeau,  La  Crosse,  Monroe, 
Vernon,  Sauk,  Bichland,  and  Crawford  Counties,  by  M.  Strong. 
>Juneaa  and  Jackson  Counties,  by  R  D.  Irving.    Scale,  3  miles 
to  1  inch. 

Accompanying    '*  Wisconsin   geological  survey."    Atlas,   Vol.  Ill,   folio. 
Plate  XYIL    Milwaukee,  1879. 

494. 

B — ^Irving  (B.  D.).  Geological  map  of  the  Four  Lake  country  of 
Dane  County. 

Accompanying  '*  Wisconsin  geological  survey."    Vol.  II.    Part    III.    Plate 
XXVI  A,  p.  613.    Madison,  1877. 
B'aok  etching. 

495. 

3 — Irving  (B.  D.).    Map  of  Devil's  Lake  gorge. 

Accompanying  *'  Wisconsin  geological  survey."    Vol.  II.    Part  III.    Plate 
XIX,  p.  507.    Madison,  1877. 
Black  etching. 

496. 

1 — ^Irving  (K  D.).  Map  showing  the  succession  of  layers  along  the 
gorge  of  the  Montreal  Biver.  T.  47,  B.  J.  E.  Scale,  10  inches 
to  the  mile. 

Accompanying ''Wisconsin  geological  survey."    Vol.  III.    Part  III.    Plate 
XIX,  p.  192.     Madison,  1880. 
Black  etching,  with  geological  indications  and  numbers  corresponding  to 

text. 

'497. 

6— Irving  (B.  D.).  Map  showing  the  succession  of  layers  along  the 
Montreal  Biver.    T.  47,  B.  J.  E.    Scale,  2J  inches  =  1  mile. 

Accompanying  "  Wisconsin  geological  survey."    Vol.  III.    Part  III.  'Plate 
XVIII,  p.  190.     Madison,  1880. 
Black  etching,  with  geological  iudications. 
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498.   • 

i876~Stroiig  (M.).  Grant  and  parts  of  Lafayette,  Iowa,  Bicblai 
Crawford  Counties. 

Accompanying    "Wibconsin    geological   survey."     Atlaa,  Vol.  I 
Plate  XVI.    Milwaukee,  1877. 

499. 
1876 — Strong  (M.).    Geology  and  topography  of  the  lead  region. 

Accompanying    *'  Wisconsin    geologicnl    survey."     Atlas,  Vol.  1 
Plates  III,  IV,  V,  VI,  VII.     Milwaukee,  1877. 
In  five  sheets. 

500. 

1876^Strong  (M.),aud  Wooster  (L.  C).  Polk  and  Barron  CoantJ 
parts  of  Dunn,  Saint  Croix,  Chippewa,  and  Burnett  C( 
towns  32-38,  inclusive,  by  M.  Strong.  Town  31,  by 
Wooster. 

Accompanying   "Wisconsin    geological  survey."    Atlas,  Vol.  II 
Plate  XIX.    Milwaukee,  1879. 

601. 

1876 — Winchell  (N.  H.).    Geological  map  of  Houston  County,  Min 

Accompanying  "Geological  and  Nat.  Ilist.  Surv.  of  Minnesota."    1 
nual  Report,  p.  9.    Saint  Paul,  1877. 

502. 

1876 — Winohell  (N.  H.).  Geological  map  of  Hennepin  County, 
sota. 

Accompanying  **  Oeological  and  Nat.  Hist.  Snry.  of  Minnesota."    I 
nnal.Beport,  p.  131.    Saint  Paul,  1877. 

603. 

1876— Winchell  (N.  H.).  Map  of  the  vicinity  of  the  Fall  of  Saint  A 
intended  to  illustrate  the  surface  geology  (Minnesota).  I 
inch  to  1  mile. 

Accompanying  '' Geological  and  Nat.  Hist.  Snrv.  of  Minnesota. '^    ] 
nual  Report,  p.  156.    Saint  Paul,  1877. 

604. 

187a-1877— Irving  (R.  D.).  Map  of  part  of  T.  44,  E.  3  W.,  desij 
show  the  relations  of  the  Laurentian,  Huronian,  and  Kei 
systems. 

Accompanying  "  Wisconsin  geological  survey.*'    Vol.  Ill,  Part  U. 
XV,  p.  145.    Madison,  1880. 

606. 

1877 — Irving  (K.  D.).  Map  showing  the  relative  positions  of  the  i 
Archfl&an  areas  of  Wisconsin.    Scale,  1  inch  to  24  miles. 

Accompanying  "Wisconsin  geological  survey."    Vol.  II,  Part  II] 
XVIII,  p.  501.     Madison,  1877. 
Black  etching. 
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506. 

77— Inriiig  (R.  D.).  Map  of  part  of  Wisconsin,  designed  to  show  the 
main  facts  with  regard  to  the  distribution  of  the  glacial  drifb  and 
other  qnatemary  deposits. 

Accompanying  **  Wisconsin  geological  survey."  Vol.  II,  Part  III.  Plate 
XXY  A,  p.  606.     Madison,  1877. 

507. 

177— Lrying  (E.  B.).  Oatline  of  an  area  of  Trenton  limestone,  near 
Columbus.    Scale,  4  miles  to  the  inch. 

Accompanying  *^  Wiacousin  geological  survey  "    Vol.  II,  Part  III.    p.  614. 
Madison,  1877. 
Black  etching. 

508. 

17— Irving  (B.  D.).  Details  of  the  structure  of  the  Huronian  or  iron- 
bearing  series  of  Ashland  and  Lincoln  Counties.  Scale,  3.6  inches 
=  1  mile. 

Accompanying    **  Wisconsin    geological   survey."    Atlas,   Vol.  Ill,  folio. 
Platw  XXIY,  XZV,  XXVI.    MUwaukee,  1879. 
In  three  sheets. 

609. 
r — Sperry  (L.  B.).    Geological  map  of  Bice  County,  Minnesota. 

Accompanying  *'  Geological  and  Nat.  Hist.  Snrv.  of  Minnesota.''  Sixth  An- 
nual Report,  p.  114.    Minneapolis,  1878. 

510. 

^' — Sweet  (E.  T.).  Outline  geological  map  of  a  portion  of  Northern 
Wisconsin. 

Accompanying  '*  Wisconsin  geological  survey."    Vol.  Ill,  Part  Y.    Plate 
XXXiy,p.330.    Madison,  1880. 
Black  etching. 

611. 

^- — Swfet  (E.  T.).  Outline  structural  map  of  the  Lower  Black  Biver 
Falls.    Scale  400  feet  to  the  inch. 

Accompanying  '*  Wisconsin  geological  survey."  Vol.  Ill,  Part  V,  p.  343. 
Madison.  1880. 

Black  etching  and  nimibers  corresponding  to  geological  indications  in  the 
text. 

512. 

f — ^Winchell  {IS.  H.).  Geological  map  of  Bamsey  County,  Minne- 
sota. 

Accompanying  "  Qeologlcal  and  Nat.  Hist.  Surv.  of  Minnesota."  Sixth  An- 
nual Report,  p.  66.    Minneapolis,  1878. 
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613. 

1877 — ^Windiell  (N.  H.).  Geological  map  of  Bock  and  Pipestoiv 
ties,  Minnesota. 

Accompanying  **  Geological  and  Nat.  Hist.  Surv.  of  MinnesotA."    { 
nual  Report,  p.  92.    Minneapolis,  lti78. 
Black,  with  geological  inscriptions. 

614. 
1877 — Wright  (G.  E.)j    Penokie  iron  range  west  of  Gap. 

Accompanying  ''Wisconsin  geological  sarvey.''  Atlas,  YoL  ] 
Plate  XXVIl.    Milwaukee,  1879. 

616. 

1878— Irving  (E.  D.).  Map  showing  the  succession  of  layers  al 
Potato  Eiver.    Scale,  6  inches  =  1  mile. 

Accompanying  ''Wisconsin  geological  snryey.''    Vol.  Ill,  Part 
XVII,  p.  188.    Madison,  1880. 
Black  etching,  with  geological  indications. 

616. 

1878— Irving  (£•  D.).  Geological  map  and  sections  illnstrat 
structure  of  the  regions  drained  by  the  Bad  and  1^ 
Bivers.    Scale,  2  miles  to  the  inch. 

Accompanying  "Wisconsin  geological  survey."  Atlas,  YoL  ] 
Plate  XXII.    MUwaakee,  1879. 

617. 
1878— Warren  (G.  K.).    (No  title.) 

Accompanying  "VaUey  of  the  Minnesota  River  and  of  the  1^ 
Biver,  to  the  j auction  of  the  Ohio;  its  origin  oonsldeied."  Ame 
SlUiman.    3rd  series,  Vol.  XVI,  Diagram  £.    New  Haven,  187a 

Black  etching,  with  geological  indications  in  the  text. 

618. 

1870— Brooks  (T.  B.).    Sturgeon  Biver. 

Accompanying  ''Wisconsin  geological  sarrey."    Vol.  m,  Part  YJ 

I,  p.  452.    Madison,  1880. 

Black  etching,  and  geological  indications. 

619. 
1870— Brooks  (T.  B.).    Big  Qninnesec  Falls.    Scale,  i  mile  to  1 

Aooompanying  "  Wisconsin  geological  survey."    Vol.  Ill,  Part  Yl 
UI,p.472.    Madison,  1880. 
Black  etching  and  geological  indications. 

520. 

1870 — ^Brooks  (T.  B.).  Little  Qninnesec  Falls  and  Sand  Portage 
Scale,  i  of  a  mile  to  the  inch. 

Accompanying  "  Wisconsin  geological  survey."    VoL  lH,  Part  V] 

II,  p.  468.    Madison,  1880. 

Black  etching  and  geological  indications. 
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521. 

9— Brooks  (T.  B.).  Twin  and  Four  Ft.  Falls,  Menominee  Eiver. 
Scale,  ^  of  a  mile  to  the  inch. 

Accompany iBg  "Wisconsin  geolo|^eal  Borvoy."    Vol.  Ill,  Part  VII.    Plate 
IV,  p.  475.    Madison,  1880. 
Black  etching  and  geological  indications. 

•  622. 

9 — ^Brooks  (T.  B.).  Pine  and  Poplar  Rivers.  Scale,  i  mile  to  the 
inch. 

Accompanying  "  Wisconsin  geological  snryey."  VoL  III,  Part  Vn.  Plate 
V,p.477.    Madison,  1880. 

Black  etching  and  geological  indications. 

623. 

8 — Brooks  (T.  B.).  Commonwealth  and  Eagle  iron  belts.  Scale,  i 
mile  to  the  inch. 

Accompanying  "  Wisconsin  geological  smrey."    Vol.  m,  Part  VII.    Plate 
VI,  p.  481.    Madison,  1880. 
Black  etching  and  geological  indications. 

624. 

9— Brookf  (T.  B.).  Hypothetical  sketch  of  the  rock  stmctore  near 
Lake  Eliza. 

Accompanying  "Wisconsin  geological  sarrey."    VoL  m,  Part  VII.    Plate 

VIII,  p.  484.    Madison,  1880. 

Black  etching  and  geological  indications. 

626. 

B— Brooks.  (T.  B.).  Lower  Bml6,  Michigamme,  and  Paint  Bivers. 
Scale,  i  mile  to  the  inch. 

Accompanying  "Wisconsin  geological  sonrey."    Vol.  in,  Part  VII.    Plate 

IX,  p.  492.    Madison,  1880. 

Black  etching  and  geological  indications. 

626. 

rS— Brooks  (T.  B.).  G^logical  sketch  of  the  Menominee  iron  region, 
showing  approximatively  the  distribntion  and  folds,  illnstrating 
report,  Vol.  Ill,  Part  VII.    Scale,  3  miles  to  the  inch. 

Accompanying  '^  Wisconsin  geological  sonrey."      Atlas,  Vol.  Itl,  folio. 
Plate  XXIX.    Milwankee,  1879. 

627. 

iTB— Brooks  (T.  B.).  and  Wright  (C.  E.)  Map  of  the  Menominee  iron 
region,  including  Pine  Kiver  district,  Oconto  Ooonty,  and  in  part 
the  Stnrgeon  Biver  district,  Michigan.    Scale,  |  inch  to  1  mile. 

Accompanying  ''Wisconsin  geological  soryey.''     Atlas,  Vol.  Ill,  folio. 
Plate  XXVlil.    Milwaukee,  1879. 
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528. 

1879— Irving  (R.  D.).  Map  of  Wisconsin  and  adjoining  portions  o1 
igan,  Illinois,  Iowa,  and  Minnesota,  showing  geological  stn 
positions  of  the  principal  mineral  districts,  &c.  Scale  2( 
to  1  inch. 

Accoiiipauyiug  ''  The  mineral  resources  of  Wisconsin."    Trans.  Am 
Mining  Engrs.,  Vol.  VIII,  p.  506.    Easton,  Pa.,  1880. 
A  well  executed  and  very  clear  geological  map. 

529. 

1879 — Strong  (M.).  Map  of  Northwestern  Wisconsin,  designed  t 
the  main  features  of  the  surface  geology. 

Accompanying  '^  Wisconsin  geological  sarvey."    Vol.  Ill,  PariVl 
XXXVII,  p.  383.    Madison,  1880. 

530. 

1870 — Strong  (M.)  and  Sweet  (E.  T.).  Donglas  Connty,  and  parts 
field,  Burnett,  and  Ashland  Counties ;  north  of  townshii 
E.  T.  Sweet,  south  of  township  44,  by  M.  Strong. 

Accompanying^  **  Wisconsin    geological   survey."     Atlas,  Voi.  B 
Plate  XX.    Milwaukee,  1879. 

531. 

1879— Strong  (M.)  Sweet  (E.  T.)  and  Irving  (R.  D.).  Parts  of  A 
Bayfield,  and  Lincoln  Counties.  Ashland  County,  the  . 
island,  Lincoln  County,  and  townships  44-51,  ranges  4  and 
Bayfield  County,  by  R.  D.  Irving;  townships  43-46,  range 
7  west,  by  M.  Strong ;  township  47-51,  ranges  6  and  7  ¥ 
E.  T.  Sweet.    Scale,  3  miles  to  the  inch. 

Accompany iug    ''Wisconsin    geological    survey."     Atlas,  Vol.  I 
Plate  XXI.    Milwaukee,  1879. 

532. 

1879 — ^Wooster  (L.  C.)  and  Strong  (M.).  Saint  Croix,  Chippewa,  a 
Claire  Counties,  T.  XXV,  Pepin  County,  and  T.  27,  range 
18  W.,  T.  26,  range  15  and  16  W.,  and  parte  of  T.  25,  rj 
W.,  and  T.  26,  range  17  W.,  Pierce  County,  by  L.  C.  W 
Trempealeau,  Buffalo,  and  the  remainder  of  Pierce  and  P( 
M.  Strong.    Scale,  3  miles  to  the  inch. 

Accompanying    '*  Wisconsin    geological  sarvey."    Atlas,  Vol.  U 
Plate  XVm.    Milwaukee,  1879. 

533. 

1879 — ^Wrjght  (C.  E.)  Map  of  the  Menominee  iron  district  and  a 
territory. 

Accompanying    "Wiscoinsin    geological  sarvey.''     Atlas,  Vol.  £ 

Plate  XXX.    Milwankee.  1879. 
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534. 

80— Irving  (B.  D.).    Quaternary  map  of  the  eastern  Lake  Superior 
district. 

Accompanying  "  WiBoonsin  geological  soiyey."    Vol.  Ill,  Part  III.    Plate 
XX,  p.  211.     MadiBon,  1880. 

535. 

tO— Irving  (E.  D.).    Outline  geological  map  of  northern  Wisconsin. 
Scale,  15  miles  to  the  inch. 

Accompanying  "  Wisconsin  geological  survey."    Vol.  Ill,  Part  I.    Plate 
IX,  p.  3.     Madison,  1880. 

536. 

0— Wright  (E.  G.).    No  title.    Section  16,  township  44  N.,  range  5 
W.,  Wisconsin. 

Accompanying  "  Wisconsin  geological  survey.''    Vol.  Ill,  Part  IV.    Plate 
XXVII,  p.  286.    Madison,  1880. 
Colored  and  with  geological  indications. 

637. 

I — ^Xloos  (J.  H.).    Orientirungs-Karte  zu  den  geologischen  Notizen 
aus  Minnesota. 

Accompanying  **  Geological  and  Nat.  Hist.  Surr.  of  Minnesota."    Tenth 
Annual  Report.    Saint  Panl,  1681. 
See  KIOOS  (J.  H. ),  l871-No.  469. 

638. 

1— Winchell  (S.  H.)    Sketch  map  of  the  canoe  trail  from  Ogishke 
Muncie  Lake  to  the  mouth  of  Poplar  Biver  (Lake  Superior). 

Accompanying  "  Geological  and  Nat.  Hist.  Snrv.  of  Minnesota.''    Tenth  An- 
nual Report,  Plate  I.    St.  Paul,  1882. 
Black  with  geological  indications. 

639. 

81— Winchell  (N.  H.).    Sketch  map  of  the  iron  trail  for  canoes  from 
Grand  Marais  to  Iron  Lake  (Lake  Superior). 

Accompanying  "  Geological  and  Natural  Hist.  Snrv.  of  Minnesota."    Tenth 
Annual  Report,  Plate  II.    Saint  Paul,  1882. 

Black  with  geological  indications. 
•B.^KelBon  Sayler,  in  1865,  adyertised  the  publication  of  a  ''Geological  map  of 
BlinoiB,"  but  it  was  neyer  published. 
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540. 

1887 — Hitchftll  (Dr.).  A  geological  map  of  the  eastern  half  oi 
Garolma. 

Never  pabliabed,  and  has  disappeared.    Not  seen. 

541. 

1888 — ^Peok  (J.).  Geological  map  of  the  mining  districts  in  the  I 
G^rgia,  western  parts  of  North  Carolina,  and  in  EastTei 
Scale,  10  miles  to  |  of  an  inch. 

Accompanying  "  Geological  and  mineralogioal  account  of  the  mi 
triots  in  the  State  of  Georgia,"  etc.  Amer.  Jonr.  Silliman,  Yol.  XXI 
Haven,  1833. 

This  map  has  merely  geological  indications  on  it. 

542. 
1889— Troost  (Gerard).    Geological  map  of  the  State  of  Tennea 

Accompanying  "  Fifth  geological  report  to  the  general  assembly  oi 
see,"  p.  8    NashviUe,  1840. 

543. 

1839— Troost  (Gerard).  Geological  map  of  Gocke  Coontyi  Ea 
nessee. 

Accompanying  **  Fifth  geological  report  to  the  general  assembly  OJ 
see,"  p.  22.    NashviUe,  1840. 

Black  with  mineralogical  indications. 

184S— KtoheU  (Dr.).    Geological  map  of  North  Garolma. 

Accompanying  **A  geological  text  book.''    (Raleigh)  1842. 
A  very  small  map.    Not  seen. 

646. 

1848 — Troost  (Gerard).  Geological  map  of  Davidson,  Williams 
Maury  Counties  (Tennessee). 

Accompanying  '^  Seventh  geological  report  to  the  general  assembly 
nessee."    Nashyille,  1844. 
A  very  rare  map. 

646. 

1846 — ^Tnomey  (Michael).    Geological  map  of  South  Carolina. 

Accompanying  **  Report  on  the  geology  of  Sonth  Carolina."  4^.   G 

1848. 
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547. 
MB— Taomey  (Michael).    (Geological  map  of  Alabama. 

AccompaiiTiiig  '*  First  biennial  report  of  the  geology  of  Alabama.''  Tnaka* 
Joo«a,  1850. 

It  IB  the  rarest  geological  map  of  the  New  World,  only  5  or  6  copies  are 
known  to  exist.    I  possess  one  given  by  the  author  to  D'Archiac. 

548. 

Ma— White  (O.).    Bonner's  map  of  the  State  of  Georgia,  with  the  ad- 
dition of  its  geological  featores.    Scale,  20  miles  to  an  inch. 

Aceompanying  *^  Statistics  of  the  State  of  Georgia."    Savannah,  1849. 

549. 
fl — Sallbrd  (J.  M.)    The  Silurian  Basin  of  Middle  Tennessee. 

Accompanying  ''The  Silnrian  Basin  ofi  Middle  Tennessee,  with  notices  of  the 
strata  sarronnding  it."  Amer.  Joum.  Sllliman,  Vol.  XII,  Nov.  1851,  p.  358. 
New  Haven,  1851. 

Black  with  nomben  and  signs. 

550. 

1 — ^Taomey  (Michael).    Plan,  or  horizontal  section  showing  the  geo- 
logical structure  of  Anthony's  Greek  Beservoir. 

Accompanying  ''Report  addressed  to  Hon.  Q.  T.  Mason,  president  of  the 
James  Biver  and  Kanawha  Canal  Co.",  November  6,  1851.  (Bichmond,  Vir- 
ginia, 1852). 

Not  seen. 

551. 

A — ^lieber  (O.  M.).    Oeological  map  of  Mississippi. 

Accompanying  '*A  sketch  of  the  geology  of  the  State  of  Mississippi."  The 
Mining  Magazine,  edited  by  W.  J.  Tenney.  Vol.  Ill,  p.  42.  New  York,  Jnly, 
1854. 

Black  etching  and  geological  indications. 

552. 
B — ^Taoniey  (Michael).    Oeological  map  of  the  State  of  Alabama. 

Accompanying  '*  Second  biennial  report  of  the  geology  of  Alabama,"  edited 
by  J.  W.  Mallet.    Montgomery,  1858. 

This  second  edition  of  the  geological  map  of  Tuomey  is  also  rare,  and  in 
aome  respects  inferior  to  the  first  edition.  The  scale  is  smaller.  Tuomey 
died  in  March,  1857,  and  the  map  was  printed  in  New  York  by  J.  H.  Colton 
without  his  supervision.  However,  it  contains  some  corrections  brought 
about  by  Tnomey's  survey  and  explorations  of  the  years  1854  and  1855.  It 
is  the  first  geological  map  colored  by  chromo-lithography  in  America. 

553. 

06— Smmonfl  (Ebenetzer).    Map  of  the  Deep  Biver  coal  field,  North 
Carolina. 

Accompanying  "Geological  report  of  the  midland  counties  of  North  Caro- 
lina."   Raleigh,  1856. 
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554. 

1866 — Ideber  (O.  M.).    G^ognostic  map  of  York  district.    Scale,  5 1 
to  an  inch. 

Accompanying  ''Reports  ou  the  geognostic  snrvey  of  Sooth  Carolina, 
1860."    First  annual  report.    Plate  IX.     Colambia,  1856. 
A  second  edition  was  published  in  1858 — ^No.  568. 

655. 

1806 — ^lieber  (O.  M.).    Geogpaostic  map  of  Chester  district    Sc 
miles  to  an  inch. 

Accompanying  "Reports  on  the  geognostic  surrey  of  South  Carolina 
I860."    First  annual  report.    Plate  VIII.    Columbia,  1856. 
A  second  edition  was  published  in  1858—^0.  569. 

556. 
1806 — ^lieber  (O.  M.).    Geognostic  map  of  Lancaster  district. 

Accompanying  **  Reports  on  the  geognostic  survey  of  South  Carolina 
1860."    First  annual  report.    Plate  VII.    Columbia,  1856. 
A  second  edition  was  published  in  1858 — ^No.  570. 

557. 

1856 — lieher  (O.  M.).    Geognostic  map  of  Chesterfield  district 
5  miles  to  an  inch. 

Accompanying  *^  Reports  on  the  geognostic  survey  of  South  Carolina 
1860."    First  annual  report.    Plate  VI.    Columbia,  1856. 

A  second  edition  was  published  in  1858~No.  571. 

These  maps  and  reports  are  quite  scarce,  most  of  them  having  been 
in  the  fire  that  destroyed  Columbia  in  1865. 

558. 
1866 — Safford  (J.  M.).    Geological  map  of  the  State  of  Tennessee. 

Accompanying  **  A  geological  reconnoissanoe  of  the  State  of  Tern 
being  the  author's  first  biennial  report.    Nashville,  1856. 

559. 
1867 — ^Harper  (L.).     G^logical  chart  of  Mississippi. 

Accompanying  "  Preliminary  report  on  the  geology  and  agriculture 
State  of  Mississippi."    Jackson,  1857. 

560. 

1867 — Harper  (L.).    Mississippi  bottom  in  the  State  of  Mississi] 
the  alluvial  plains  of  the  Mississippi  Eiver  in  Mississippi. 

Accompanying  ^*  Preliminary  report  on  the  geology  and  agriculture 
State  of  Mississippi,''  p.  259.    Jackson,  1857. 

561. 
1867 — Harper  (L.).    Special  map  of  Tishamingo  Goanty. 

Accompanying  '^Preliminary  report  on  the  geology  and  agrioultnn 
State  of  Mississippi."    Table  IV .    Jackson,  1857. 
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662. 
(7— Harper  (L.).    The  prairies  above  Tibby  Creek. 

AccompanyiD^  "Preliminary  report  on  the  geology  and  agrionltnre of  the 
State  of  liississippi.''    Table  V.    Jackson,  1857. 

563. 

^7— Harper  (L.).    Special  map  of  PoDtotoc  Goanty. 

Accompanying  "Preliminary  report  on  the  geology  and  agrionltnre  of  the 
State  of  Mississippi."    Table  VI.    Jackson,  1857. 

564. 

»7— Harper  (L.).    Special  map  of  Tippah  County. 

Accompanying  '*  Preliminary  report  on  the  geology  and  agrionltnre  of  the 
State  of  Mississippi."    Table  Vll.    Jackson,  1857. 

565. 

»7— Ideber  (O.  M.)..  Geognostic  map  of  XJDion  district.  Scale,  6  miles 
to  an  inch. 

Accompanying  "Reports  on  the  i^eognostic  snrvey   of    Sonth  CaroIiiiAi 
1856-1860."    Second  annual  report.    Plate  XIII.    Columbia,  1658. 

566. 

•57— Lieber  (O.  M.).  Geognpstic  map  of  the  itacolumite,  iron,  and  lime- 
stone region  of  Union,  Spartanbnrgh,  and  York  district,  Soaih 
Carolina.    Scale,  1  inch  to  2  miles  and  1  inch  to  1  mile. 

Accompanying  "Beports  6n  the  geognostic   survey  of  Sonth  CarolinAy 
1%6-1860."    Second  annual  report.    Plate  XII.    Columbia,  1858. 
Two  maps  on  the  same  plate,  with  different  scales. 

567. 

iT-^Iieber  (O.  M.).  G^ognosticmap  of  Spartanbnrgh  district.  Scale, 
5  miles  to  1  inch. 

Accompanying  ''Reports  on  the  geognostic  survey  of  South  CarolinAy 
1856-1860.''    Second  annual  report.    Plate  XIV.    Columbia,  1858. 

568. 

ft-^^Ideber  (O.  M.).  G^gnostic  map  of  York  district.  Scale,  5  miles 
to  1  inch. 

Accompanying  "  Reports  on  the  geognostic  survey  of   South  Carolina, 
1856-1860."    First  annual  report.    Plate  IX.    Columbia,  1868. 
Beprint  of  the  map  of  1856,  which  see. — ^No.  554. 

569. 

^S*^Lieber  (O.  M.).    Oeognostic  map  of  Chester  district.     Scale,  t^. 
miles  to  1  inch. 

Accompanying  ''Beports  on  the  geognostic  survey  of  South  Carolina, 
1856-1860."    First  annual  report.    Plate  VIII.    Columbia,  1858. 
Reprint  of  the  map  of  1856,  which  see. — No.  555. 

(105) 


i 


106  MAPOTECA  GEOLOGICA  AMERICANA. 

670. 
1888 — ^Lieber  (O.  M.).    Gtoognostic  map  of  Lancaster  diatric 

Aooompanying  ''  Reports  on  the  geoguoetio  survey  of  Soath  i 
1860."    First  azmuftl  report.    Plate  YII.    Colombia,  185& 
Reprint  of  the  map  of  1856,  whioh  see — ^No.  556. 

671. 

1858 — ^Lieber  (O.  M.).  Oeognostic  map  of  Ohesterfield  dist 
6  miles  to  1  inch. 

Accompanying  '' Reports  on  the  geognostio  sorvey  of  South  * 
1860."    First  annual  report.    Plate  YL    Coinmbia,  i858. 
Reprint  of  the  map  of  1856,  which  see — ^No.  557. . 

672. 

1869 — Cnrrey  (B.  O.).  A  geological  map  of  the  copper  regi< 
in  the  counties  of  Flo3'd,  CarroU,  and  Grayson,  Ys 
and  Alleghany,  K.  C.    Scale,  6^  miles  to  1  inch. 

Accompanying  "The  copi>er  and  iron  region  of  the  Floyd-C 
Plateau  of  the  Blue  Ridge  in  Virginia.''  '<  The  Virginias,"  Vol 
Staonton,  Virginia,  1880. 

Black  etching,  with  geological  inscriptions. 

673. 

1889— Lieber  (O.  M.).  Oeognostic  map  of  Greenville  distri 
miles  to  1  inch. 

Accompanying  "  Rei>orts  on  the  geognostic  survey  of  South  * 
1860."    Plate  XVL    Columbia,  1859. 

674. 

1869 — ^lieber  (O.  M.).  Geognostic  map  of  Pickens  distri< 
miles  to  1  inch. 

Accompanying  ^  Reports  on  the  geognostic  survey  of  South 
1860."    Plate  XVn.    Columbia,  1859. 

575. 

IgeO—Bilgard  (£.  W.).    Geological  map  of  Mississippi. 

Accompanying  **  Report  on  the  geology  and  agriculture  of  th 
sissippi."    Jackson,  Mississippi,  1860. 

676. 

I860— Lieber  (O.  M.).  Portion  of  Abbeville  district  aroni 
Mill.    Scale,  two  and  one-half  miles  to  an  inch. 

Accompanying  ''Reports  on  the  geognostic  survey  of  South  < 
I860."    Plate  XX.    Columbia,  1860. 

677. 

I860 — Lieber  (O.  M.).  Industrial  map  of  South  Carol 
1:1,800,000. 

Accompanying  ''Reports  on  the  geognostic  survey  of  South  < 
1860."    Plate  XXX.    Columbia,  1860. 
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578. 

K^Iieber  (O.  M.).  Geognostic  map  of  Anderson  district.  Scale,  five 
miles  to  an  inch. 

AccQmpanying  **  Reports  on  the  geognostic  snrvey  of  South  Carolina,  1866- 
1860."    Plate  XIX.    Colnmbia,  1860. 

679. 
O— lieber  (O.  M.).    Geognostic  map  of  Abbeville  district. 

Acoompanyiiig  "  Reports  on  the  geognostio  sorvey  of  Sonth  Carolina,  1666- 
1860."    Plate  XX.    Colnmbia,  1860. 

580. 
Ar-Safhrd  (J.  M.).    No  title. 

Accompanying  **  On  the  cretaceous  and  sai^erior  formations  of  West  Tennes- 
see." Amer.  Jonm,  Silliman.  2d  series,  Vol.  XXXYII,  p.  362.  New  HaTon, 
1864. 

Black  etching,  with  numbers  corresponding  to  geological  indications  in  the 
text. 

681. 

(5— 8ayl0r  (Nelson).  Geological  map  of  Kentucky.  Geological  forma- 
tions delineated  by  Nelson  Sayler.  Scale,  5  miles  to  t  inch.  Cin- 
cinnati, 1866. 

682. 

B6— Sayler  (Nelson).  Geological  map  of  Tennessee.  Scale,  6  miles  to  1 
inch.    Cincinnati,  1865. 

Kot  seen. 

683. 

^^-^Lyman  (B.  S.).  A  geological  and  topographical  map  of  a  rough 
survey  of  the  Staley's  Creek  and  Nick's  Creek  iron  region  near 
Marion,  Smyth  County,  Virginia. 

Accompanying  ''The  Staley's  Creek  and  Nick's  Creek  ijron  ore  region." 
Trans.  Amer.  PhU.  Soc.  New  series.  4P.  Vol.  XY,  Article  m,  Plate  II.  Phila- 
delphia, 1881. 

Black  etching,  with  geological  indications. 

684. 

B — Saflhrd  (J.  M.).  Geological  map  of  Tennessee.  Scale,  12  miles 
to  an  inch. 

Accompanying  ''Geology  of  Tennessee."    Nashville,  1869. 

586. 
"iO— -Lesley  (J.  P.)*    No  title.    Scale,  6  miles  to  one  inch. 

Accompanying  "The  geological  stmcture  of  Tazewell,  Rassell,  and  Wise 
Connties,  in  Virginia."    Proc.  Amer.  Phil.  Soc,  Vol.  XII.    Philadelphia,  1873. 
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586. 

1871— Lesley  (J.  P.).  Goal  beds  od  Eussell's  Greek.  Scale,  480  yards 
to  1  inch.  Gontour  lines,  10  feet  vertical  apart.  Foot  smrey 
by  J.  P.  Lesley,  October,  1870,  Russell  Gounty,  Virginia. 

Accompanying  '*The  geological  stractare  of  Tazewell,  BnaseU,  andWiN 
Counties,  in  Virginia."  Proc  Amer.  Phil.  Soc,  Vol.  XII,  p.  495.  Philadelphii^ 
1873. 

Black,  with  lithological  and  mineralogical  indications. 

587. 

1871 — Lesley  (J.  P.).    Sketch  map  of  Glinch  Eiver  where  it  strikes 
coal  measures  and  rebounds  at  Lick  Kun. 

Accompanying  *' The  geological  structnre  of  Tazewell,  Russell,  and  Win 
Counties,  in  Virginia."  Proc.  Amer.  Phil.  Soc,  Vol.  XU,  p.  497.  PhilAdelr 
phi  a,  1873. 

Small  black  sketch,  with  mineralogical  indications. 

588. 

1871— Lesley  (J.  P.).    No  title.    (Sketch  map  part  of  Glinch  Elver  netf 
Middle  Greek.) 

Accompanying  '*The  geological  structure  of  Tazewell,  Russell,  and  Wi^ 
Counties,  in  Virginia."  Proc.  Amer.  Phil.  8oc.,  Vol.  XII,  p.  498.  Philadelpl^^ 
1873. 

Small  black  sketch,  with  mineralogical  indications. 

589. 

1871 — Lesley  (J.  P.).  No  title.  (Sketch  map  part  of  Glinch  Biver  abo^ 
Middle  Greek.) 

Accompanying  ''The  geological  structure  of  Tazewell,  Russell,  and  W^J 
Counties,  in  Virginia."  Proc.  Amer.  Phil.  Soc,  Vol.  XII,  p.  502.  PhilaJ.^ 
phia,  1873. 

Small  black  sketch,  with  mineralogical  indications. 

590. 

1871 — Lesley  (J.  P.).  Local  map  of  Abb's  Valley  coal,  properly  bl^^ 
stone  coal.    Scale,  500  feet  to  1  inch. 

Accompanying  ''The  geological  structure  of  Tazewell,  Russell,  and  W^ 
Counties  in  Virginia."  Proc.  Amer.  PhiL  Soc,  Vol.  XII,  p.  505.  Philad^ 
phia,  1873. 

Black,  with  lithological  inscriptions. 

591. 

1873 — Lesley  (Joseph,  jr.).  Map  of  Eastern  Kentucky,  showing  tt^ 
western  outcrop  of  its  coal-field,  as  determined  by  surveys  ^ 
1858  and  1859.    Scale,  12  miles  to  H  of  an  inch. 

Accompanying  "The  outcrop  belt  of  the  Eastern  Kentucky  coal-fields- 
Proc.  Amer.  Phil.  Soc,  Vol.  XIII,  p.  270.    Philadelphia,  1873. 
Black  etching. 
See  Lesley  (Joseph,  jr. ) — No.  598. 
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692. 

ri-Rogers  (W.  B.)  and  Hotohkiss  (Jed.).  Map  of  Virginia,  by  J. 
Rotchkiss.  The  geology  by  Prof.  W.  B.  Eogers,  chiefly  from 
the  State  survey  1835-'41, "  With  later  observations  in  some  parts.^ 

Accom^auying  *' Virginia:  a geographioal  and  political  summary/'  &c,,  p. 
46.    Richmond,  1876. 

Thiii  map,  with  some  additions,  also  appeared  with  the  title :  '^  Hotchkias's 
geological  map  of  Virginia  and  West  Virginia.  The  geology  by  Prof.  W. 
B.  Rogers,  chiefly  from  the  Virginia  State  survey  1835-1841,  with  later  ob- 
servations in  some  parts."  Scale,  1:1,520,640,  or  24  miles  to  one  inch.  Ac- 
companying ^*  Preliminary  report  concerning  the  resources  of  the  country 
adjacent  to  the  line  of  the  proposed  Richmond  and  Southwestern  Railway/' 
by  N.  S.  Shaler,  Cambridge,  1880,  and  also  in  the  ''Virginias,"  Vol.  I,  No.  6, 
p.  92.     Staunton,  Va.,  1880— No.  611. 

593. 
76— Kerr  (W.  C).    Geological  map  of  ]S*orth  Carolina. 

Accompanying  "  Report  of  the  geological  survey  of  North  Carolina,"  Vol. 
I.    Raleigh,  1875.  t 

594. 
176— Shaler  (1^.  S.).    Kentucky  geological  survey ;  preliminary  map. 

Accompanying ' '  Report  of  progress,"  Vol.  H.    New  8erie&    Frankfort,  1877. 

Black  etching. 

See  Shaler  (N.  S.)— Nos.596, 599, 600, 613. 

595. 

76— Stevenson  (J.  J.).  Sketch  map  to  illustrate  notes  on  the  geology 
of  West  Virginia. 

Accompanying ''  Notes  on  the  geology  of  West  Virginia."  Proc.  Amer.  PhU. 
8oc.,  Vol.  XrV,  p.  370.     Philadelphia,  1876. 

Black ;  the  double  dotted  line  represents  the  eastern  outcrop  of  the  Pitts- 
burgh coal. 

596. 

'6— Shaler  (N.  S.)    Kentucky  geological  survey.    Preliminary  map. 

Accompanying  "  A  general  account  of  the  commonwealth  of  Kentucky.'' 
Frankfort,  1876. 

This  pamphlet  was  compiled  for  distribution  at  the  Centennial  Exposition; 
a  thousand  copies  of  the  map  colored  were  issued,  and  later  some  additional 
eopies  with  the  map  in  black  etching. 

See  Shaler  (N.  S. )— Nos.  594, 599, 600, 613. 

597. 

'6— Smith  (E.  A.).  Map  showing  the  Southwest  termination  of  the 
Coosa  coal  Held. 

Accompanying  ''Geological  survey  of  Alabama."    Report  of  progress  fox 
1876.    Montgomery,  Ala.,  1876. 
Black  etching. 
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598. 

1877 — Lesley  (Joseph^  jr.).  Map  of  Eastern  Kentucky,  showing  th 
em  oatcrop  of  its  coal  field  as  determined  by  surveys  ( 
and  1859. 

Aocompanying  '^Geological  survey  of  Kentaoky/'  Vol.  III.     Nei 
Frankfort,  1877. 
See  Lesley  (Joseph,  Jr.) — No.  591. 

599. 

1877 — Shaler  (N.  8.).    Kentucky  geological'  survey.    Preliminai 

Accompanying  **  The  report  of  the  Kentncky  commissioner  of  ag: 
for  1877."    Frankfort,  1877. 

Black  etching.  This  is  the  map  already  mentioned  pablished  in  vi 
ports  in  colors  or  black  etching. 

See  Shaler  (N.  8.)  1875,'  76-1880— Nos.  594, 596, 600, 613. 

600. 

1877 — Shaler  (N.  S.).  Kentucky  geological  survey,  prelimina 
compiled  from  various  surveys. 

Accompanying  **  Geological  siyvey  of  Kentucky,"  YoL  m.  Ne^ 
Frankfort,  1877. 

It  appeared  also  in  *' Preliminary  report  concerning  the  resooro* 
country  a4J<M:ent  to  the  line  of  the  proposed  Richmond  and  Soutl 
fiailway,"  by  N.  S.  Shaler.    Cambridge,  1880. 

See  Shaler  (N.  S. )— Noe.  594, 596, 599. 613. 

601. 

1878 — ^Eeinrich  (O.  J.).  Map  of  the  eastern  part  of  the  State 
ginia.    Scale,  20  miles  to  1  inch. 

Accompanying  ''The  mesozoic  formation  in  Virginia."  Trans.  An 
Mining  Engrs.,  Vol.  VI.    Plate  V.    Easton,  Pa.,  1879. 

Black  etching  and  signs.  The  map  and  memoir  have  been  rep; 
"  The  Virginias"  of  M%jor  Jed.  HotohkiM,  Vol.  .1.,  No.  8,  pagee  124 
Staunton,  Va.,  August,  1880. 

602. 

1878 — Smith  (E.  A.).  Geological  map  of  Alabama,  prepared  f 
ney's  Hand-book  of  Alabama. 

Accompanying  ''  Hand-book  of  Alabama."  A  complete  index  to  t 
with  a  geological  map  and  an  appendix  of  useful  tables,  by  Saffbld 
MobUe.  1878. 

603. 

1878 — Smith  (E.  A.).  Geological  map  of  Marion  County  (Al; 
Scale,  4  miles  to  1  inch. 

Accompanying  "  Geological  survey  of  Alabama."  Bei>ort  of  pro 
1877  and  1878,  p.  1*20.    Montgomery,  1879. 

604. 

1878— Smith  (E.  A.).  Geological  map  of  Walker  County  (Al 
Scale,  4  miles  to  1  inch. 

Accompanying  **  Geological  survey  of  Alabama."  Beport  of  pre 
1877  and  1878,  p.  82.    Montgomery,  1879. 
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605. 

S78— Smith  (E.  A.).    Geological  map  of  Winston  Oonnty  (Alabama). 
Scale,  4  miles  to  1  inch. 

Accompanying  "Geological  survey  of  Alabama."    Beport  of  piogress  for 
1877  and  1878,  p.  97.    Montgomery,  1879. 

606. 

S78— Smith  (A.  E.).    Geological  map  of  Fayette  Gonnfy  (Alabama). 
Scale,  4  miles  to  1  inch. 

Accompanying  «  Geological  survey  of  Alabama."  Report  of  progress  for 
1877  and  1878,  p.  105.    Montgomery,  1879. 

607. 

STB— Smith  (E.  A.).    Map  of  the  Black  Warrior  Biver  from  Tuscaloosa 
to  the  fork  of  Sipsey  and  Mulberry.    Scale,  2  miles  to  1  inch. 

Accompanying  ''Geological  survey  of  Alabama."  Beport  of  progress  for 
1879  and  1880.    Montgomery,  1881. 

608. 

1880— Hotehkin  (Jed.).    Map  of  the  great  Ohio  Goal  Basin,  compiled 
fixftn  State  geological  surveys. 

Accompanying  '*  The  coal  fields  of  West  Virginia  and  Yirginia  in  the  Great 
Ohio  or  Trans-Apalachian  Coal  Basin.''  '*  The  Virginias.''  Vol.  I,  4<>,  p.. 188. 
Staunton,  Virginia,  1880. 

609. 

1880— Stevenion  (J.  J.).    Geological  map  of  parts  of  Lee,  Wise,  Scott, 
and  Washington  Counties,  Virginia.    Scale,  5  miles  to  1  inch. 

Accompanying  *'A  geological  reconnaissance  of  parts  of  Lee,  Wise,  &c. 
Connties."  Proc.  Amer.  Phil.  Soc.,  Vol.  XIX.  No.  108,  p.  219.  Philadelphia, 
1881. 

The  map  and  memoir  have  been  reprodnoed  in  ''  The  Virginias,"  Vol.  II,  p. 
22.    February,  1881.    4^.    SUnnton,  Virginia,  1881.     . 

610. 

1880— Hdnridh  (O.  J.).    Map  of  the  eastern  part  of  the  State  of  Virginia. 
Scale,  20  miles  to  1  inch. 

Accompanying  ''The  Virginias,"  Vol.  I,  No.  8,  pp.  124  and  125.    Staunton, 
1880. 
See  Heinrioh  (O.  J.),  1878— No.  601. 

611. 

^^W^Eogers  ( W.  B.).  Hotchkiss'  geological  map  of  Virginia  and  West 
Virginia.  The  geology  by  Prof.  W.  B.  Bogers,  chiefly  from  the 
Virginia  State  survey  1835-1841,  with  later  observations  in  some 
parts.    Scale,  1:1,520,640,  or  24  miles  to  1  inch. 

Accompanying  ''  Preliminary  report  concerning  the  resources  of  the  coun- 
try adjacent  to  the  line  of  the  proposed  Biohmond  and  Southwestern  BaiL 
wsy,"  by  N.  S.  Shaler.    Cambridge,  1880. 

SeeRogen  (W.  B.),  1874«IIps.  592, 612. 
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612. 

1880— Sogers  (W.  B.)*    (The  same  map  as  above.) 

Aooompanying  "  The  Virginias/'  Vol.  I,  No.  6,  p.  92.    Staontoii,  1880. 
See  Rogers  ( W.  B. ),  1874— Nos.  592, 611. 

613. 

1881 — Shaler  (N,  S.).  Kentucky  geological  survey,  preliminary  map 
compiled  from  various  surveys. 

Accompanying  "  Preliminary  report  concerning  the  resources  of  the  ooantry 
adjacent  to  the  line  of  the  proposed  Biohmond  and  Southwestern  Bailway," 
by  N.  S.  Shaler.    Cambridge,  18ti0. 

See  Shaler  (N.  S.),  1877— Nos.  594, 596, 599, 600. 

614. 

1881 — ^Eotohkifls  (Jed.).  Oentennial  geological  map  of  the  Yirgiim 
The  geology  that  of  the  Virginia  State  survey,  by  Prof.  W.  B. 
Bogers,  1835-41,  corrected  by  later  observers.  Scale,  3}  miles  to 
1  inch.    Staunton,  Ya.,  1881. 

A  very  large  wall  map  in  14  sheets. 

615. 
1881— Smith  (E.  A.).    Geological  map  of  Florida. 

Accompanying  "  On  the  geology  of  Flojida."    Amer.  Joum.  SiUixniDi  Sd 
series,  Vol.  XXI,  p.  305.    New  Haven,  1H81. 
In  black  etching,  with  geological  indications. 

616. 

1881— Stevenson  (J.  J.).  Geological  map  of  parts  of  Lee,  Wise,  Scott) 
and  Washington  Gonnties,  Yirginiat    Scale,  5  miles  to  the  inch* 

Accompanying  ''A  geological  reconnaissance  of  parts  of  Lee,  Wise,"  &c^  ^ 
Virginias.    Vol.  II,  p.  22,  February  number,  4^.    Staunton,  1881. 
.    See  Stevenoon  (J.  J. ),  1880— No.  609. 
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617. 

12— Bvanfl  (John).    Map  Bbowing  the  positions  of  the  Bad  Lands  or 
Mauvaises  Terres  of  Nebraska. 

AccompaDying  ''The  ancient  fauna  of  Nebraska/'  by  Joseph  Leidy,  in 
Smithsonian  contribution  to  knowledge,  Vol.  VI.    4^.    Washington,  1852. 

Black,  with  geological  indications.  It  also  appeared  in  illustrations  of  the 
geological  sunrey  of  Wisconsin,  Iowa,  and  Minnesota,  by  D.  D.  Owen.  4to. 
Philadelphia,  1852. 

See  Bvans  (John),  1852— No.  618. 

618. 

ft— Evans  (John).    Map  showing  the  position  of  the  Bad  Lands  or 
Manvaises  Terres  of  Nebraska. 

Accompanying  "  Report  of  a  geological  survey  of  Wisconsin,  Iowa,  and 
Minnesota,  and  incidentally  of  a  portion  of  Nebraska  Territory,"  by  D.  D. 
Owen,  Vol.  of  illustrations.    4^.    Philadelphia,  1852. 

Black,  with  geological  indications ;  the  same  as  the  map  cited  above. 

See  Evans  (John),  1852— No.  617. 

619. 

7 — ^Hayden  (F.  V.).    Geplogy.    Map  of  Nebraska. 

Accompanying  ''Notes  explanatory  of  a  map  and  section  iUafitrating  the 
geological  structore  of  the  country  bordering  on  the  Missonri  River,  from 
the  mouth  of  the  Platte  River  to  Fort  Benton."  Proo.  Acad.  Nat.  Sciences, 
May,  1857.    Philadelphia,  1857. 

620. 
B— Hayden  (F.  V.).    Greology.    Map  of  Nebraska. 

Accompanying  **  Explanations  of  a  second  edition  of  a  geological  map  of 
Nebraska  and  Kansas,"  based  upon  information  obtained  in  an  expedition  to 
the  Black  Hills,  under  the  command  of  G.  K.  Warren.  Proc.  Acad.  Nat.  Sci- 
ences, June,  1858.    Philadelphia,  1868. 

Important  geological  map  for  the  Upper  Missouri  region.  Reprinted  in 
black  etching,  in  Petermann's  Geographische  Mittheilungea.  4^.  Vol.  VI, 
p.  53.    Gotha.     1860. 
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621. 

1859— Hayden  (F.  Y.).    No  title. 

Accompanying  *' Geological  sketeh  of  the  estuary  and  freah  water  depositof 
the  bad  lands  of  the  Jadith  River/'  Trans.  Amer.  Phil.  Soc.  A°.  YoLXL 
New  series,  article  XU.    Plate  YIlI,  p.  154.    Philadelphia,  1860. 

Outline  map,  with  geological  indications,  of  the  Upper  Missouri  River  ngion 

around  Fort  Benton. 

622. 

I860 — Hayden  (F.  Y.).    G^logische  Skizze  der  Black  Hills,  oach  Hay- 
den's  Karte  vod  A.  Petermau.    Scale,  1 : 6,500,000. 

Accompanying  *' Petermann's   Geographisohe   Mittheilungen.''   4°.  YoL 
VI,  p.  53.    Gotha,  1860. 
Black  etching. 
See  Hayden  (F.  Y.),  1858— No.  620. 

623. 

1868 — ^Eayden  (F.  Y.).    Outline  redaction  of  the  maps  of  Kansas,  Ne- 
braska, and  Dakota.    Gtoology. 

Accompanying  *'  On  the  geology  and  natural  history  of  the  Upper  MiBaoori." 
Being  the  substance  of  a  report  made  to  Lieut.  G.  K.  Warren.  Trans.  Amer. 
Phil.  Soc.    Vol.  Xn.    4to.    PhUadelphia,  1862. 

624. 

1868 — ^Karoon  (Jules).    Carte  g^ologiqne  de  la  partie  des  bords  da  10s- 
soari  entre  Omaha  City  et  Sioux  City,  relev6e  en  1863. 

Accompanying  *'  Le  terrain  cr^tac^  des  environs  de  Sioux  City,  de  la  IfinioB 
des  Omahas  et  de  Tekama  sur  les  bords  du  Missouri.''  BuU.  Soc  G^l.  Fn&0Bi 
2«  s^e.    Vol.  XXIV,  p.  56.    Paris,  1866. 

Black  etching. 

625. 

1868 — Haroon  (Jules).  Carte  g^ologiqne  d'nne  partie  de  Nebraska;  i®' 
lev6e  en  1863. 

Accompanying  '*  Le  Dyas  an  N^raska,''  in  BuU.  Boo.  Q4oh  France,  2*8^^ 
VoL  XXIV,  p.  280.    Paris,  1867. 
Black  etching. 

626. 

1867— Hayden  (F.  Y.).  Map  of  Nebraska  and  Dakota.  Scale,  19  flules 
to  inch.f 

Accompanying  ''On  the  geology  of  the  tertiary  formations  of  Dakota  andKo- 
hraska."  Joum.  Acad.  Nat.  Sciences,  2d  series.  Vol.  VII.  Philadelph^ 
1869. 

627. 

1860— Hayden  (F.  Y.).  Map  of  the  Yellowstone  and  Missouri  Bivers 
and  their  tributaries  explored  by  Capt.  W.  F.  Beynolds  and 
Lieut.  H.  E.  Maynadier,  1859,  1860.  Scale,  1 : 1,200,000.  Pre- 
pared to  accompany  the  Geological  Beport  of  F. Y:  Hayden,  M.  D-f 
Geologist  to  the  Expedition. 

Accompanying  **  Geological  report  of  the  exploration  of  the  YeUowstone  aa^ 
Missouri  rivers  '*  by  Dr.  F.  V.  Hayden,  assistant.    Washington,  1869. 
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628. 

T^Hayden  (F.  Y.).  Map  of  Xebrabka  and  Dakota,  and  portions  of 
the  States  and  Territoriett  bordering  thereon,  compiled  by  6.  K« 
Warren.    Geology  by  F.  Y.  Ha,^  den.    Scale,  1 : 1,200,000. 

Acoompftnying  '^  Final  report  of  the  U.  S.  ii^logical  surrey  of  Nebraska." 
Wasbiiigton,  18722. 

There  is  an  error  in  the  coloring  by  a  transfer  of  the  colors  used  for  the 
granitic  and  metamorphic  to  the  Potsdam  sandstone  and  viae  vena. 

629. 

72— Hayden  (F.  Y.)  and  Feale  (A.  C).  Montana  and  Wyoming  Terri- 
tories, embracing  most  of  the  co^intry  drained  by  the  Madison, 
Gallatin,  and  Upper  Yellowstone  Biver.  Scale,  fonr  miles  to  an 
inch.  * 

U.  S.  Geol.  Snrv.  of  the  Territories,    folio.    (Washington,  1672.) 
No  place  of  pablioation  nor  date. 

630. 

71-Hayden  (F.  Y.)  and  Bradley  (F.  H.).  Map  of  the  sonices  of  Snake 
Biver  with  its  tributaries,  together  with  portions  of  the  head- 
waters of  the  Madison  and  Yellowstone.  Scale,  Ave  miles  to  one 
inch. 

U.  8.  GeoL  Snrv.  of  the  Territories,    folio.    (Washington,  1872.) 
Ko  place  of  publication  nor  date. 

631. 

Ti-Gomitook  (T.  B.)*  Geological  map  of  Western  Wyoming,  ex- 
plored in  1873  by  Oapt.  W.  A.  Jones.    Scale,  1 :  600,000. 

Aooompanying ' '  Beport  ninm  the  reconnaissance  of  Northwestern  Wyoming, 
including  Yellowstone  National  Park,  made  in  the  snmmer  of  1873.''  Wash- 
ington, 1875. 

832. 

TI-^nnehAll  (S.  H.).  A  geological  map  of  the  Black  Hills.  Scale, 
6  miles  to  1  inch. 

Accompanying  **  Beport  of  a  reconnaissance  of  the  Black  HiDs  of  Dakota, 
made  in  the  summer  of  1674,"  by  Capt.  William  Ludlow.  4to.  Washing- 
ton. 1875. 

633. 

7B— Dana  (E.  S.)  and  Bird  (G.  G.).  No  title.  (Ont  representing  the 
vicinity  of  Camp  Baker,  Upper  Missouri.) 

Accompanying  "  Beport  of  a  reconnaissance  ftom  Carroll,  Montana  Teiri- 
tory,  on  the  Upper  Missouri,  to  the  Yellowstone  National  Park,  and  return, 
made  in  the  summer  of  1875,"  by  Capt.  William  Ludlow.  Geological  Beport| 
p.  115,  Fig.  9.    4to.    Washington,  1876. 

Black,  with  geological  indications. 
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034. 


l876~Duia  (E.  8.)  and  Bird  (G.  6.).  No  title.  (Sketch  of  Little  Bockj 
MoQDtains). 

Accompanying  '*  Report  of  a  reconnaissance  from  Carroll,  Montana  Teni- 
tory,  on  the  Upper  Missouri,  to  the  Yellowstone  National  Park,  and  return,  in 
the  snmmer  of  1875,''  by  Capt.  William  Ludlow.  Geological  Report,  p.  129, 
Fig.  14.    4to.     Washington,  1876. 

635. 

1876 — King  (Clarence).  Geological  series.  Map  I.  Bocky  MountaiDa, 
Wyoming  Territory,  east  half,  west  half.  Scale,  four  miles  to  one 
inch. 

Accompanying  **  Geological  exploration  of  the  fortieth  parallel.'*    Geologi- 
cal and  topographical  atlas,  folio.    New  York,  1876. 
In  two  sheets. 

636. 

1876 — King  (Clarence).  Geological  series.  Map  II.  Green  River  Basing 
Wyoming  Territory.    Scale,  fonr  miles  to  one  inch. 

Accompanying  ''Geological  exploration  of  the  fortieth  parallel.''    Geologi- 
cal and  topographical  atlas,  folio.    New  York,  1876. 
In  two  sheets. 

637. 

1879— Hewton  (Henry).  Geological  map  of  the  Black  Hills  of  Dakotik 
Scale,  1  inch  to  4  miles. 

Accompanying  ''  Report  on  the  geology  and  resources  of  the  Black  Hilbof 
Dakota."    Topographical  and  geological  atlas,  folio.    New  York,  1679. 

It  is  marked  "Field  work.  1875,"  and  "Publication,  1879."  Beside*,  the 
4to  volume  of  the  report  is  marked  "  Washington,  1880."  In  fact,  botfa  i^^ 
and  volume  did  not  appear  and  were  not  distributed  to  the  public  until  IBSI* 
Such  discrepancies  of  date  exist  also  for  Clarence  King's  rex>ort  and  ftil*^ 
J.  W.  Po^reU's  report  and  atlas,  and  F.  Y.  Hayden's  report  and  atlas. 
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638. 

V^KgAj  (J.  J.).  Geological  map  of  the  Lake  of  the  Woods,  South 
Hadson's  Bay. 

Accompanying  "  On  the  geology  of  the  Lake  of  the  Woods,  Soath  Hudson's 
Bay.''    Jonrn.  Qeol.  8oc.  London,  Vol.  YIII,  p.  400.    London,  1862. 
Black  etching.  . 

639.  ^ 

H— Bigiby  (J.  J.).    Geological  map  of  Bainy  Lake. 

Accompanying  *<0n  the  geology  of  Rainy  Lake,  South  Hudson's  Bay."  Joum* 
Geol.  Soc.  London,  Vol.  X,  p.  215.    London,  1854. 
Black  etching. 

640. 

57— Define  (Thomas).  Map  of  the  northwest  part  of  Canada,  Indian 
Territory,  and  Hadson^s  Bay.  Scale,  English  miles,  69-160  one 
degree.    Toronto,  1867. 

In  four  sheets. 

641. 

iB— Hector  (James).  Map  of  Winipeg  Lake  Basin.  Showing  the  dis- 
tribntion  of  superficial  deposits. 

Accompanying  *' First  general  report  on  the  geology  of  the  country  ex- 
amined hy  the  expedition  under  the  command  of  John  Palliser,  esq.,  during 
the  season  of  1857."  Map  8.  In  papers  relative  to  the  exploration  of  British 
North  America.    Blue  Book.    4^.    London,  1859. 

642. 
WO— Hind  (H.  Y.).    Geological  map  of  a  part  of  Eupert's  Land. 

Accompanying  ''Narrative  of  the  Canadian  Red  River  exploring  expedi- 
tion of  1857,  and  of  the  Assinniboine  and.  Saskatchewan  exploring  expedi- 
tion of  1858; "  in  two  volumes.    Vol.  II,  p.  239.    London,  1860. 

643. 
HQ— Hind  (H.  Y.).    Geological  map  of  a  portion  of  Bupert's  Land. 

Accompanying  **  Reiiorts  of  progress  on  the  Assinniboine  and  Saskatchewan 
exploring  expedition."    4^.    Blue  Book.    Toronto,  1859,  and  Loudon,  1860. 
The  Toronto  edition  is  on  a  much  larger  scale  than  the  London  one. 

644. 

*to-Iicol  (0.  S.)  and  Hector  (James).    Plan  of  Nanaimo,  showing  the 
coal  mines.    Scale,  1  furlong  to  i  inch. 

Accompanying  **  Reports  of  Captain  Palliser's  exploration  of  that  portion 
of  British  North  America  which  in  latitude  lies  between  the  British  boundary 
line  and  the  height  of  land  or  watershed  of  the  northern  or  froseu  ocean,  re* 
QMctively,  and  in  longitude  between  the  western  shore  of  Lake  Superior  and 
the  Pacific  Ocean,  during  the  years  lb57-'58-'59,  and  '60."  Index  and  maps. 
Blue  Book.   4<^.    London,  1865. 
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645. 

1861 — ^Eeotor  (James).    Geological  map  of  the  coantry  between  Lake 
Saperior  and  Yanconver  Island. 

Accompanying** On  the  geology  of  the  oonntiy  between  Lake  Snperiorud 
the  Paciflc  Ocean,  visited  by  the  Government  exploring  expedition  nnd«tthe 
command  of  Capt.  J.  Palliser,  1857-1860."  Jonrn.  Geol.  Soc.,  London,  Yd 
XYU.    Plate  XUI,  p.  388.    London,  1861. 

Black  etching,  an  important  map;  on  the  same  plate  there  is  also  a  geolof* 
leal  sketch  map  of  Nanaimo,  Yanconver  Island. 

646. 

1861 — ^Eeetor  (James).    Oeological  sketch  map  of  Nanaimo,  Yanconver 
Island. 

Accompanying* 'On  the  geology  of  the  country  between  Lake  Superior  lod 
the  Pacific  Ocean,  visited  by  the  Government  exploring  expedition  ondertha 
command  of  Capt.  J.  Palliser,  1857{-1860."  Jonrn.  GeoL  Soo.,  London,  Yd. 
XYIL    Plate  Sm,  p.  388.    London,  1861. 

Black  etching,  on  the  same  sheet  as  the  map  above  it.  which  see. 

See  Hector  (James),  1861— No.  645. 

647. 

1865— Hector  (James).    Geological  sketch  map  of  Nanaimo^  in  Van- 
couver Island.    Scale,  1  inch  to  1  mile. 

Accompanying  **  Reports  of  Captain  Palliser's  exploration  of  that  portioii 
of  British  North  America,  which  in  latitude  lies  between  the  British  boondary 
line  and  the  height  of  land'  or  watershed  of  the  northern  or  firosen  ooeaa,  i** 
spectively,  and  in  longitude  between  the  western  shore  of  Lake  Superior  and 
the  Pacific  Ocean,  during  the  years  1857-^58-^59,  and  '60,''  Ac,  Index  and 
maps.    Blue  Book.     4°.    London,  1865. 

648. 

1866 — Hector  (James).    Oeological  sketch  of  the  southeast  of  YanoonYer 
Island  and  part  of  the  coast  of  the  Gulf  of  Georgia. 

Accompanying  **  Reports  of  Captain  Palliser's  exploration  of  that  porti<^ 
of  British  North  America  which  in  Latitude  lies  between  the  British  bouii-* 
ary  line  and  the  height  of  land  or  watershed  of  the  northern  or  frozen  ooeaoy 
respectively,  and  in  longitude  between  the  western  shore  of  Lake  Saperior 
and  the  Pacific  Ocean,  during  the  years  1857-'58-^69,  and  '60."  Inddx  aa^ 
maps.    Blue  Book.    4^.    London,  1865. 

649. 

1869 — ^Mac&rlane  (Thomas).     Lithological   map  of  Wood's   location* 
Scale,  2,000  feet  to  1  inch. 

Accompanying  **  On  the  geology  and  silver  ore  of  Wood's  location,  Thondtf 
Cape,  Lake  Superior.*'  The  Canadian  Naturalist  and  G^logist.  Newserifl* 
Yol,IY,p.377.    Montreal,  1869. 
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650. 

fl— Bidhardson  (James).  Map  showing  the  position  of  the  coal  fields 
of  Nanaimo  and  Oomox,  Yancoaver  Island.  Scale,  10  miles  to  1 
inch. 

Accompanying  Geol.  Sanr.  Canada;  report  of  progress  for  1871-'72;  ''Report 
on  the  ooal  fields  of  the  east  coast  of  Y anconyer  Island,"  p.  100.   Montreal,  1873. 
Black  etching. 

651. 

72— Richardson  (James).  Map  of  a  part  of  the  Strait  of  Georgia  and  of 
Vancouver  Island,  showing  a  portion  of  the  Comox  coal  field  and 
the  distribution  of  the  Cretaceous  coal-bearing  rocks.  Bcale^  2 
miles  to  1  inch. 

Accompanying  Geol.  Snrv.  Canada;  report  of  progress  for  187^73;  **  Rei>ort 
on  the  coal  fields  of  Yancoaver  and  Qneen  Charlotte  Islands,"  p.  64.  Montreal^ 
1873. 

Black  etching. 

652. 

174— Selwyn  (4.  K.  C).  Sketch  survey  of  the  Saskatchewan  Biver 
from  Bocky  Mountain  House  to  Cumberland  Lake.  Scale,  16 
miles  to  1  inch. 

Accompanying  Geol.  Surv.  Canada;  report  of  progress  for  1873-'74;  "Oh- 
Mrrations  in  the  Northwest  Territory  on  a  jonmey  across  the  plains  from 
Fort  Oarry  to  Rocky  Mountain  House,  returning  hy  the  Saskatchewan  River 
and  Lake  Winnipeg,"  1873,  p.  17.    Montreal,  1874. 

Black,  with  geological  indications. 

653. 

)76— Dawson  (6.  M.).  Map  of  part  of  the  interior  region  of  North 
America,  showing  the  general  character  of  the  drift. 

Accompanying  **  On  the  superficial  geology  of  the  central  region  of  North 
America."    Jonrn.  Geol.  Soc,  London,  Yol.  XXXI,  p.  623.    London,  1875. 
Black  etching. 

654. 

)7(-Dawson  (G.  M.).  General  geological  map  of  the  country  in  the 
vicinity  of  the  forty- ninth  parallel. 

Accompanying  British  North  American  boundary  commission.  ''Report 
on  the  geology  and  resources  of  the  region  in  the  vicinity  of  the  forty-ninth 

parallel,  from  the  Lake  of  the  Woods  to  the  Rocky  Mountains."    Montreal, 

1875. 

655. 
nS-^Dawson  (G.  M.).    Geological  map  of  the  Lake  of  the  YYoods. 

Accompanying  British  North  American  Boundary  Commission.  "Report 
on  the  geology  and  resources  of  the  region  in  the  vicinity  of  the  forty-ninth 

parallel."    Montreal,  1875. 

656. 

iTS—Bawson  (6.  M.).  Geological  sketch  map  of  the  vicinity  of  Bay 
Portage,  Lake  of  the  Woods. 

Accompanying  British  North  American  Boundary  Commission.     "Report 

on  the  geology  and  resources  of  the  region  in  the  vicinity  of  the  forty-ninth 

paraUel."    Plate  II,  p.  46.    Montreal,  1875. 

Black  etching. 
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667. 

1875— Hicholson  (H.  A.).    Sketch  map  of  Lake  Superior,  &c 

Accompanying  ''On  the  mining  districts  on  the  north  shore  c 
Superior."  Trans.  North  of  England  Inst.  Mining  Engrs.,  Vol.  XXI 
XL.    Newcastle-npon-Tynei  1875. 

658. 

1876 — ^Dawson  (6.  M..).  Geological  map  of  a  portion  of  British  Gc 
between  the  Fraser  Biver  and  the  coast  range. 

Accompanying  Geol.  Snrv.  Canada ;  report  of  progress  for  1876-77 ; 
on  explorations  in  British  Columbia,  chiefly  in  the  basin  of  the  Bla^ 
Salmon,  and  Nechacco  Rivers,  and  on  Francois  Lake/'  p.  17.    Montr* 

659. 

ff 

1877 — ^Bell  (Bobert).  Map  of  part  of  the  east  coast  of  Hudson 
Scale,  4  miles  to  1  inch. 

Accompanying  Geol.  Surv.  Canada ;  report  of  progress  for  1877-78; 
on  an  exploration  of  the  east  coast  of  Hudson's  Bay."    Atlas.    Montr 
Black,  with  geological  indications. 

660. 

1877 — ^Richardson  (James).  Map  of  a  portion  of  British  Columbia,  s 
the  coal  fields  of  Gomox^  Nanaimo,  and  Cowitchiu,  on  Yai 
and  adjacent  islands,  and  the  distribution  of  the  Cretaceoi 
bearing  rocks,  also  the  Tertiary  rocks  of  Sooke  and  I 
inlet. 

Accompanying  Geol.  Surv.  Canada;  report  of  progress  for  1876-'77; 
on  the  coal  fields  of  Nanaimo,  Comox,  Cowichen,  Barrard  Inlet,  an< 
British  Columbia,"  p.  192.    Montreal,  1878. 

661. 

1877 — Selwyn  (A.  B.  C).    Sketch  survey  of  route  from  Quesnel 
by  Stewart  and  MacLeod's  Lakes,  to  the  junction  of  Smok; 
and  Peace  River. 

Accompanying  Geol.  Snrv.  Canada ;  report  of  progress  for  1875-76 ; 
on  exploration  in  British  Columbia  in  1875,"  p.  1.    Montreal,  1877. 
Black,  with  geological  indications. 

662. 

lg78_Bell  (Robert).  Map  of  IlJelson  River  and  the  boat-route  b 
Lake  Winnipeg  and  Hudson's  Bay,  and  map  of  Lake  Wii 
Scale,  8  miles  to  1  inch. 

Accompanying  Geol.  Surv.  Cauada;  report  of  progress  for  1877-'78; ' 
on  the  country  between  Lake  Winnipeg  and  Hudson's  Bay,  1878." 
Montreal,  1879. 

Black,  with  geological  indications ;  in  two  sheets. 
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663. 

187ft— Dawson  (O.  M.).    Map  of  the  Queen  Charlotte  Islands.    Scale 
1 :  506,880. 

Accompanying  Geol.  Surv.  Canada;  report  of  progress  for  1878-^9;  "Report 
on  the  Qaeen  Charlotte  Islands."    Montreal,  1880. 

Also  in  *'Petermann*B  Geographisohe  Mittheilnngen.''  4to.  Vol.  XXVII, 
1681.  Plate  XVI.    Gotha,  1881. 

See  Dawaon  (G.  M.),  1881— No.  667. 

664. 

1878 — ^Biehardflon  (James)  and  Dawson  (O.  M. ) .    Geological  map  of  Skide- 
gate  Inlet,  Queen  Charlotte  Islands. 

Accompanying:  Geol.  Sarv.  Canada;  report  of  progress  for  1878-'79.     ''Re- 
port on  the  Queen  Charlotte  Islands;"  p.  63,  B.    Montreal,  1880. 
The  part,  by  J.  Richardson,  was  surveyed  in  1872. 

665. 

^79 — ^Bell  (Robert).    Map  of  Island  and  God's  Lakes,  and  of  the  con- 
necting waters  to  Oxford  Lake.    Scale,  4  miles  to  1  inch. 

'    Accompanying  Geol.  Surv:  Canada ;  report  of  progress  for  1878-^9.   "  Report 
CD  explorations  on  the  Churchill  and  Nelson  Rivers  and  around  God's  and 
Island  Lakes.''    Montreal,  1880. 
Black,  with  geological  indications. 

666. 

n  (G.  M.).  Map  of  part  of  British  Columbia  and  tie  north- 
west territory  from  the  Pacific  Ocean  to  Fort  Edmonton.  Scale, 
1 :  506,880. 

Accompanying  Geol.  Surv.  Canada ;  report  of  progress  for  187^80.  <  *  Repost 
on  an  exploration  from  Port  Simpson  on  the  Pacific  coast,  to  Edmonton  on  the 
Ssskatchewan,  embracing  a  portion  of  the  northern  part  of  British  Columbia, 
and  the  Peace  River  country."    Atlas.    Montreal,  1881. 

Black,  with  geological  indications,  in  three  sheets. 

667. 

Bl> — Dawson  (G.  M.).   Geologische  Karte  der  Queen  Charlotte  Islands* 
Scale,  1 : 1,100,000. 

Accompanying  ''Petermann's  Geographisghe  Mlttheilungen."    4^.    VoL 
XXVII.    Plato  XVI.    Gotha,  1881. 
See  Dawson  (G.  M.),  1878— No.  663. 

668. 

Ml*— Dawson  (G.  M.).    Geological  sketch  map  of  British  Columbia. 
Scale,  100  miles  to  ^  inch. 

Accompanying  **  Sketch  of  the  geology  of  British  Columbia."    The  Geo- 
logical Magazine,  Vol.  VIII,  2d  series,  p.  160.    London,  1881. 
Black  etching. 
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"WASHINOTON,  OREOON,  AND  CAIJFORNIA 

669. 

1M9 — Grewingk  (C).    Karte  zur  AbhaDdlung  fiber  die  Geogn.  il  oiogr. 
Beschaffeaheit  der  N.  W.-Kiiste  Amerika's,  u.  der  anliegendesi 
Inseln  mit  Zagmndelegong  der  Karten  des  Hydrogr.  Dep.  des 
See-Ministeriums  zu  St.  Petersburg. 

Aocompanying  '*  Beitrag  zur  KenntniBS  der  orographischen  and  geogno* 
tiBohen  Beschaflfenheit  der  Nord-West-Kiiste  Amerika's,  mit  den  anliegendoi 
inseln.''  Verhandlnngen  der  Rnssich-Kaiserliclien  Mineralogiachen  Qes^ 
Bchaft  zn  St.  Petersburg.  Jahrgang,  1848  nnd  1849,  p.  76.  Plate  U.  8 
Petersborg,  1850. 

Grewingk  did  not  visit  Alaska,  bat  constracted  the  geological  map  ^ 
wrote  his  memoir  Jfrom  notes  taken  on  the  spot  by  Ilia  Wosneeaensky,  to^ 
gist  of  the  Mosenm  der  Academie  der  Wissensohalten  in  St.  Petersbnrg. 

670. 
ISSO^Tyson  (P.  T.).    Geological  reconnaissaiice  in  California. 

Accompanying  "  Report  of  P.  T.  Tyson  apon  the  geology  of  Califom^ 
Washington,  1850. 

Black,  with  mineralogical  indications. 

671. 
1868 — Blake  (W.  P.).  .  G^logical  map  of  the  vicinity  of  San  Frandstf 

Accompanying  "  Reports  of  explorations  and  snrveys  for  a  Railroad  ro« 
from  the  Mississippi  River  to  the  Pacific  Ocean."  Vol.  Y,  p.  145.  A^,  Wafl 
ington,  1856. 

This  map  should  more  exactly  be  called  a  mineralogical  map. 

672. 

1866 — ^Blake  (W.  P.).    Geological  map  of  the  entrance  to  San  Franciai 
Bay.    Scale,  1 :  150,000. 

Accompanying  "  Physical  geography  and  geology  of  the  coast  of  Calift 
ma,  from  Bodega  Bay  to  San  Diego.''    In  Report  of  the  Snpcrintendent 
the  Coast  Sarvey  daring  the  year  1855;  4^.    p.  376.    Washington,  1856. 

Black  etching. 

673. 

1866 — ^Blake  (W.  P.).    Geological  map  and  section  of  Ponta  de  Ix 
Keyes.    Scale,  l!l  50,000. 

Accompanying  *' Physical  geography  and  geology  of  the  coast  of  Califo 
nia,  from  Bodega  Bay  to  San  Diego.''  In  Report  of  the  Saperintendent  of  tl 
Coast  Sarvey  daring  the  year  18.')5;  4^.    p.  .376.    Washington,  1856. 

Black  etching. 
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674. 

66<»Blake  (W.  P.).  Geological  map  of  San  Diego  and  the  adjoining 
coast.    Scale,  1 :  608,228. 

Accompanying  *'  Physical  geography  and  geology  of  the  coast  of  Califomia^ 
from  Bodega  Bay  to  San  Diego.''  In  Report  of  the  Snperintendont  of  the 
U.  8.  Coast  Survey  daring  the  year  1855;  49,    p.  376.    Washington,  1856. 

Black  etching. 

676. 

SS— Blake  (W.  P.).  Geological  map  of  Point  Pinos,  and  Monterey  Bay. 
Scale,  1 :  150,000.  ^ 

Accompanying  **  Physical  geography  and  geology  of  the  coast  of  Califor- 
nia, from  Bodega  Bay  to  8an  Diego."  In  Report  of  the  Saperintendent  of 
the  Coast  Survey  dnring  the  year  1855 ;  in  4^.    p.  376.    Washington,  1866. 

Black  etching. 

676. 

i — Bake  (W.  P.).  Geological  map  of  the  coontry  between  San 
Diego  and  the  Colorado  Biver,  California.    Scale,  1:608,228. 

Accompanying  '<  Reports  of  explorations  and  surveys  for  a  Railroad  roate 
from  the  Mississippi  River  to  the  Pacific  Ocean."  Vol.  Y.  p.  228.  4°,  Wash- 
ington,  1856. 

677. 

^— Antiiell  (Thomas).  Geological  plan  of  the  Coast  Bange  of  Cali- 
fomia  from  San  Francisco  Bay  to  Los  Angeles,  explored  in  1855- 
'56  by  Lieut.  John  G.  Parke.  Scale,  1 : 1,570,640,  or  24  miles 
to  1  inch. 

Accompanying  **  Reports  of  explorations  and  surveys  for  a  Railroad  route 
from  the  Mississippi  River  to  the  Pacific  Ocean."  Vol.  YII.  p.  266.  4^. 
Washington,  1857. 

678. 

B — Kake  (W.  P.).  Geological  map  of  a  part  of  the  State  of  Cali- 
fornia explored  in  1853  by  Lieut.  B.  S.  Williamson. 

Accompanying  *'  Reports  of  explorations  and  surveys  for  a  Railroad  route 
from  the  Mississippi  River  to  the  Pacific  Ocean.''  Vol.  V.  4°.  Washington, 
1856. 

679. 

B-.Blake  (W.  P.).  Geological  map  of  the  Tejon  Pass  and  Caiiada  de 
las  Uvas  and  the  vicinity.  Including  the  Pass  of  San  Francisquito 
and  Williamson's  Pass. 

Accompanying  *'  Reports  of  explorations  and  surveys  for  a  Railroad  route 
from  the   Mississippi  River  to  the  Pacific  Ocean."    Vol.  V.    p.  197.    4°. 

Washington,  1856. 
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680. 
1861 — BAmond  (A.).    [Augoste  Esmond  de  Gorbineau.]    No 

Accompany ing  ^'Report  of  an  exploration  and  survey  of  the 
Monte  Diablo  district  (California.)    San  Francisco.  1861. 
Small  sketch  map  in  black  showing  tertiary  hills. 

681. 

1878— Bowman  (A.),  Fettee  (W.  H.),  and  Goodyear  (W.  A.). 
Tertiary  auriferous  gravel  deposits  lying  between  the  i 
of  the  American  and  the  middle  Yuba  rivers.     Scale 
the  inch. 

Accompanying  ^'  The  auriferous grav^  of  the  Sierra  Nevada  o: 
by  J.  D.  Whitney.  In  Mem.  Mus.  Comp.  Zool.  at  Cambridge,  M 
No.  1  (Ist  part)  and  (2nd  part).    4<=>.    Cambridge,  1»80. 

In  two  sheets.  East  half,  corrected  and  revised,  to  replace  th 
same  sheet  given  in  Part  I.  So  the  book  contains  two  copies  of 
sheet. 

It  is  not .  exactly  a  geological  map,  showing  only  the  ''  v< 
flows."  The  other  indications  are  purely  economicaL  These  re 
to  the  other  anriferons  gravels  maps  by  J.  D.  Whitney. 

682. 

1876 — ^Maroon  (Jules).     Carte  g^ologique  de  la  Galifomie, 
ocale  d. 060.000* 

Accompanying   ''Note  snr  la  Geologic  de  la  Califomle."    Be 
France,  3»«ae  g^He,  Tome  XI,  Phite  XI,  p.  407.    Paris,  1883. 
The  publication  of  this  map  was  unavoidably  delayed. 

683. 

1876 — Hendel  (C.  W.).    Map  of  the  region  near  Gibsonvi! 
1,200  feet  to  the  inch. 

Accompanying  "  The  auriferous  gravels  of  the  Sierra  Nevada  o: 
by  J.  D.  Whitney.  Mem.  Mus.  Comp.  Zo51.  at  Cambridge,  Ma 
40.    No.  1.    Plate  T,  p.  450.    Cambridge,  1880. 

684. 

1877 — ^Bowie  (A.  J.,  jr.).    Surroundinp:8  of  Eiver  Tunnel, 
estate,  1877,  California. 

Accompanying  ''  Hydraulic  mining  in  California."    Trans.  An 
ing  Engrs.    Vol.  VI,  Plate  I,  Fig.  6.   Easton,  Pa.,  1879. 
Black  etching  and  lithological  indications. 

685. 

1877 — ^Bowie  (A.  J.,  jr.).    Map  of  "River  Tunnel ''  on  Marip 
showing  the  course  of  vein  and  workings  up  to  Aug.  i 

Accompanying  **  Hydraulic  mining  in  California. "    Trans.  Am 
ing  Engrs.    Vol.  VI,  Plate  I,  Fig.  1.     Easton,  Pa.,  1879. 
Black  etching,  and  lithological  indications. 
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686. 

B79— Pettee  (W.  H.)  and  Bowman  (A.).  Map  sbo'wing  the  extent  of 
the  hyd^ulic  mining  operations  near  Gold  Ban,  Dutch  Flat, 
Little  York,  You  Bet,  Chalk  Bluffs,  Bed  Dog,  Hunt^s  Hill,  and 
Quaker  Hill,  on  Bear  Biver  and  GaQon,  Steep  Hollow,  and 
Greenhorn  Greeks.    Scale.  4  inches  to  1  mile. 

Accompanying  "The  aariferons  gravels  of  the  Sierra  Nevada  of  California/' 
by  J.  D.  Whitney.  In  Mem.  Mas.  Comp.  Zool.  at  Cambridge,  Mass.  Vol.  VI. 
40     No.  1.    Cambridge,  1880. 

687. 

880— Bowman  (A.).  Map  of  the  Smartsville  gravels.  •  Scale,  1  mile  to 
7  inches. 

Accompanying  **  The  aariferons  gravels  of  the  Sierra  Nevada,  of  CaUfomia," 
by  J.  D.  Whitney.  In  Mem.  Comp.  ZooL  at  Cambridge,  Mass.  Vol.  VI.  4^^. 
No.  t.    Plate  M.,  p.  380.    Cambridge,  1880. 

688. 

M>- — ^Whitney  (J.  D.).  Diagram  showing  the  position  oi  the  Table 
Mountain  lava  flow  of  Tnolnmne  County.  Scale,  2  miles  to  the 
inch. 

Accompanying  '*  The  anriferons  gravels  of  the  Sierra  Nevada  of  California." 
In  Mem.  Mns.  Comp.  Zool.  at  Cambridge,  Mass.  Vol.  VI.  4^.  No.  1.  Plate 
D,  p.  132.     Cambridge,  1880. 

689. 

O — ^Whitney  (J.  D.).    Plan  of  Spanish  Peak  gravel  deposit. 

Accompanying  ^*  The  aorilerons  gravels  of  the  Sierra  Nevada  of  California.'' 
In  Mem.  Mns.  Comp.  Zool.  at  Cambridge,  Mass.  Vol.  VI.  4^.  No.  1.  Plate 
K,  p.  216.    Cambridge,  1880. 

Black,  with  lithological  inscriptions. 

690. 

to — ^Whitney  (J.  D.).  Map  of  the  mining  district  adjacent  to  Forest 
City.    Scale,  1  mile  to  the  inch. 

Accompanying  **  The  auriferous  gravels  of  the  Sierra  Nevada  of  California" 
In  Mem.  Mns.  Comp.  Zool.  at  Cambridge,  Mass.  Vol.  VI.  40.  No.  1.  Plate 
Q,  p.  432.     Cambridge,  1880. 

691. 

kO— Whitney  (J.  D.).  Map  to  accompany  the  description  of  a  portion 
of  the  region  drained  by  Slate,  Canon,  and  Goodyear  Creeks  in 
Sierra  and  Plumas  Coauties.    Scale,  2  miles  to  1  inch. 

Accompanying  *^  The  auriferous  gravels  of  the  Sierra  Nevada  of  California." 

In  Mem.  Mns.  Comp.  Zool.  at  Cambridge,  Mass.    Vol.  VI.    4^.    No.  1.    Plato 

B,  p.  444.    Cambridge,  1880. 
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692. 

1880^Hendel  (0.  W.).    Map  of  Poverty  Hill,  Scales's  diggings,  anc 
ity.    Scale,  1^  inokes  to  the  mile. 

Aooompanying  ''The  anriferons  graveU  of  the  Sierra  Kerada  of  Call 
by  J.  D.  Whitaiey.    In  Mem.  Mas.  Com.  Zo5L  at  Cambridge,  Han. 
40.    Ko.  1.    Phftte  U,  p.  452.    Cambridge,  1880. 

693. 

ISSO^-Whitney  (J.  D.).    Sketch  map,  showing  the  distribation 
volcanic  and  gravel  formations  over  a  portion  of  Placer  1 
Dorado  Gonnties,  California^ 

Aooompai^ing  "  Tiie  aariferous  gravels  of  the  Sierra  Kerada  of  Cal 
In  liAm.  Mas.  Comp.  ZooL  at  Cambridge,  Mass.  Vol.  VI.  4^.  Ko.  1 
B,  p.  82.    Cambridge,  1880. 

694. 

1890^— Whitney  (J.  D.).    Distribntion  of  the  volcanic  formatio; 
gravel  near  Placerville.    Scale,  1  mile = 1^  inches. 

Accompanying."  The  anriferons  grayels  of  the  Sierra  Nevada  of  Cali 
In  Mem.  Mns.  Comp.  Zo5L  at  Cambridge,  Mass.  Vol.  YL  4^.  Ko.  1 
0,  p.  98.    Cambridge,  1880. 
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695. 
k  (F.  B.).    Geological  map  of  Moniteau  Goonty. 

oompaDying  ''  The  first  and  second  annual  reports  of  the  geological  sor- 
)f  Miflsonri."    Part  II,  p.  94.    Jefifeison  City,  1855. 

6d6. 
maid  (B.  F.).    Geological  map  of  Franklin  Goonty. 

companying  <<  The  first  and  second  annual  reports  of  the  geological  Barney 
tssonri."    Part  II,  p.  168.    Jefiferson  City,  1855. 
ftck  dotted  lines  and  geological  indications. 

697. 
nard  (B.  F.).    Geological  map  of  Saint  Louis  Goun^y. 

companying  "  The  first  and  second  annnal  reports  of  the  geological  boty^ 
issonri."    Part  II,  p.  184.    Jefferson  City,  1855. 

698. 
Uow  (G.  G.)*    Geological  map  of  Marion  Gounly. 

companying  **  The  first  and  second  annnal  reports  of  the  geological  sor^Qy 
Issouri."    Part  I,  p.  178.    Jefferson  City,  1855. 

699. 
Uow  (G.  O.).    Geological  map  of  Oooper  Gounty. 

companying  "  The  first  and  second  annnal  reports  of  the  geological  mrwtj 
issonrL"    Parti,  p.  202.    Jefferson  City,  1855.         , 

700. 
k  (F.  B.).    (Geological  map  of  Miller  Gounty. 

companying  "Beports  of  the  geological  sorrey  of  Missouri,  ISSS-lSTl,'' 
0.    Jefferson  City,  1873. 

701. 

k  (F.  B.).    Geological  map  of  Morgan  Gounty. 

oompanying  *'  Reports  of  the  geological  survey  of  Missouri,  1855-1871,* 
4.    Jefferson  City,  1873. 

702. 

lips  (J.  v.).  Geological  map,  showing  the  mineral  region 
jguons  to  the  Iron  Mountain  Bailroad,  Missouri.  Scale,  2 
les  to  6  miles. 

companying  **  Beport  on  the  geology  of  the  mineral  districts  contiguous 
e  Iron  Monntain  Bailroad.*'    Saint  Louis,  1859. 
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703.       ~ 

1869 — Swallow  (G.  C).    Geological  map  of  Southwest  Branch  Padic 
Bailroad  (Missouri). 

Accompanying  '*  Geological  report  of  the  coantry  along  the  line  of  the 
Soath western  Branch  of  the  Pacific  Railroad,  State  of  Miasonri."  Saint  hm^ 
1859. 

704. 

1870 — ^EmmonB  (S.  F.).    Geological   map  of  the   Toyabe  Moontams 
(Nevada). 

Accompanying  *'  Geological  exploration  of  the  fortieth  parallel.^'  Voini, 
40.    Mining  Industry.    Atlas.    Plate  13.    New  York,  1870. 

706. 

1870 — Hag^e  (Arnold).     Geological  map  of  the  White  Pine  mining 
district  (Nevada). 

Accompanying  *' Geological  exploration  of  the  fortieth  paraUel.'^  YoLIII, 
40.    Mining  Industry.     Atlas.    Plate  14.    New  York,  1870. 

706. 

1870 — King  (Clarence).    Geological  map  of  the  Washoe  mining  district 
Nevada.    Scale,  3  inches  to  1  mile. 

Accompanying  "  Geological  exploration  of  the  fortieth  paraUel."  YoLIIIr 
40.    Mining  Industry.    Atlas.    Plate  2.    New  York,  1870. 

707. 

1872 — Fnmpelly  (Raphael).    Magnetic  geological  map  of  the  Pilot  Eno^ 
iron  district. 

Accompanying  "  Geological  survey  of  Missouri."    Report  on  the  iron  ot* 
and  coal  fields.    Atlas.    Plate  II.    New  York,  1873. 

708. 

1872 — Swallow  (G.  C).    Geological  map  of  Missouri. 

Accompanying  '*  Geological  sketch  of  the  State  of  Missouri,"  illustrated.  ^ 
maps.    Extract  from  **  Sectional,  topographical,  and  descriptive  atlas  of 
State  of  Missouri,"  by  R.  A.  Campbell.    Folio.    Saint  Loois,  1873. 

709. 

1873 — ^Broadhead  (G.  G.).    Preliminary  geological  map  of  Northern 
souri. 

Accompanying  "  Geological  survey  of  Missouri."    Report  on  the  iron 
and  coal  fields.    Atlas.    Plate  V.    New  York,  1873. 

710. 

1873— Endlich  (F.  M.).    Geological  map  of  the  Central  City  minir:::^ 
region. 

Accompanying    *'  Report  of  the  San  Luis  division  (Colorado) ;  in  U. 
G^l.  and  Geogr.  Snrv.  Territories."    Explorations  of  1873.    Seventh 
report.    Part  I,  p.  280.    Washington,  1874. 

Black  etching. 
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711. 

3— Sndlioh  (F.  M.).    Geological  map  of  the  Mount  Lincoln  mining 
region. 

Accompanying  **  Report  of  the  San  Lnis  division  (Colorado) ;  in  U.  S.  Geol. 
and  Geogr.  Sory.  Territories.''  Explorations  of  1873.  Seventh  annual  report. 
Part  I,  p.  302.    Washington,  1874. 

Black  etching. 

712. 


(A.  E.).  Map  of  the  coal  openings,  railroad,  sections, 
&c.,  along  the  eastern  base  of  the  mountains  near  Denver  City. 
Scale,  6  miles  to  an  inch. 

Accompanying  *'  Report  of  the  Middle  Park  Division  (Colorado) ;  in  U.  S. 
Geol.  and  Geogr.  Snrr.  Territories."  Explorations  of  1873.  Seyenth  annual 
report.    Part  I,  p.  120.    Washington,  1874. 

Black  etching. 

713. 

rS— HaiTine  (A.  E.).    Geological  map  of  the  Middle  Park. 

Accompanying  "  Report  of  the  Middle  Park  Division  (Colorado) ;  in  U.  8. 
GeoL  and  Geogr.  Sorr.  Territories."  Explorations  of  1873.  Seventh  annual 
report.    Part  I,  p.  154.    Washington,  1874. 

Black  etching. 

714. 

rS— Marvine  (A.  B.).    Geological  map  of  the  region  in  the  neighbor- 
hood of  the  Hot  Spripgs  and  the  Upper  Grand ;  Middle  Park. 

Accompanying  "  Report  of  the  Middle  Park  Division  (Colorado) ;  in  U.  S. 
GeoL  and  Geogr.  Sorv.  Territories.''  Explorations  of  1873.  Seventh  annual 
report.    Part  I,  p.  162.    Washington,  1874. 

Black  etchiog. 

716. 

rS— Potter  (W.  B.).    Geological  map  of  Lincoln  Gonnty  (Missouri). 
Scale,  1  mile  to  1  inch. 

AecOTupanying  ''  Geological  survey  of  Missonri.''  Report  on  the  iron  ores 
and  coal  fields.    Atlas.    Plate  VIII.    New  York,  1873. 

716. 
rS— Potter  (W.  B.).    Map  of  Lincoln  Gonnty  coal  region  (Missonri.) 

Accompanying  "  Geological  snrvey  of  Ifissonri.''  Report  on  the  iron  ores 
and  coal  fields.    Atlas.    Plate  IX.    New  York,  1873. 

717. 

n-Powdl  (J.  W.).    Green  Eiver  from  the  Union  Pacific  Bailroad 
to  the  mouth  of  White  Biver  (Utah).    Scale,  4  miles  to  1  inch. 

Accompanying  "Report  on  the  geology  of  the  eastom  portion  of  the  Uinta 
Mountains  and  a  region  of  country  adjacent  thereto."  4^.  Atlas.  Washing- 
ton, 1876. 
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718. 

1878 — Shnmard  (B.  F.).    Geological  map  of  Ozark  County. 

Accompany  lug  **Greological  survey  of  Missouri,  1855-1871,"  p.  188.  Jefifei 
son  City,  1873. 

719. 
1878 — Shumard  (B.  F.).    Geological  map  of  Wright  County. 

Accompanying  "  Goological  survey  of  Missouri,  1855-1871,"  p.  205.   Jeft 
son  City,  1873. 
Black,  with  geological  indications. 

720. 
1873 — Shumard  (B.  F.).    Geological  map  of  Pulaski  Oounty. 

Accompanying  *' Geological  survey  of  MisBonri,  1(35-1671,"  p.S34.   Jeff 
son  City,  1873. 
Black,  with  geological  indications. 

721. 

1873 — Shumard  (B.  F.).    Geological  map  of  Cape  Girardeau  County. 

Accompanying  "  Geological  survey  of  Missouri,  1855-1871,"  p.  274.   Jeff 
son  City,  1873. 
Black,  with  geological  indications. 

722. 
1873 — Shumard  (B.  F.).    Geological  map  of  Saint  Genevieve  County 

Accompanying  "  Geological  survey  of  Missouri,  1855-1871,"  p.  290.   Jefl 
son  City,  1873. 
Black,  with  doited  lines  and  geological  indications. 

723. 

1873 — Shumard  (B.  F.).    Geological  map  of  Jefferson  Gonnty. 

Accompanying  **  Geological  survey  of  Missouri,  1855-1871,"  p.  304.   Jel 
son  City,  1873. 

724. 

1873 — Shumard  (B.  F.)    Geological  map  of  Clark  County. 

Accompanying  "  Geological  survey  of  Missouri,  1855-1<)71,"  p.  314.   Jei 
son  City,  1873. 

725. 

1874 — ^Broadhead  (G.  G.)  and  Schmidt  (A.).  Missouri  geological  sur 
Map  of  the  lead  regioa  of  Central  Missouri. 

Accompanying  ''Geological  survey  of  Missouiif  1873-1874.^     Atlas,  i 
Jefferson  City,  1874. 
Black,  with  geological  indications. 

726. 

1874 — ^Broadhead  and  Norwood,  assisted  by  Schmidt  (A.)  and  Leoii 
(A.).  Geological  map  of  Jasper  County,  with  lead  regio 
Jasper  and  Newton  Counties. 

Accompanying  "Geological  survey  of  Missouri,  1873-1874."     AUas, 
Jefferson  City,  1874. 
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727. 
ft — ^Broadhead  (G.  C).    Missouri  geological  survey.    Cedar  County. 

Accompanying  "  Geological  survey  of  Miseonri,  1873-1874."    Atlas,  folio. 
Jefferson  City,  1374. 

728. 
4— Broadhead  (G.  C).    Missouri  geological  survey.   Barton  County. 

Accompanying  '*  Geological  snrvoy  of  Missonri,  1673>1874."    Atlas,  folio. 
Jefferson  City,  1874.  • 

729. 
4— Broadhead  (G.  C).    Missouri  geological  survey.  Vernon  County, 

Accompanying  '^  Geological  snrvoy  of  Missouri,  187^1874."    Atlas,  folio. 
Jefferson  City«  1874. 

730. 

ft^Bnadhead  (G.C.)  and  Norwood  (C.  J.).  Missouri  geological  survey. 
Howard  County. 

Accompanying  ''  Geological  survey  of  Missouri,  1873-1874.''     Atlas,  folio. 
Jefferson  City,  1874. 

731. 

'4— Broadhead  (G.  C.)  and  Norwood  (C.  J.).  Missouri  geological  sur- 
vey.    Part  of  Northern  Missouri. 

Accompanying  *' Geological  survey  of  Mitoouri,  1873-1874."    Atlas,  folio. 
Jeffeison  City,  1874. 
Black,  with  dotted  lines  and  geological  indications. 

732. 

rft— Broadhead  (G.  C.)  and  Norwood  (G.J.).  Missouri  geological  survey. 
Madison  County. 

Accompanying  <' Geological  survey  of  Missouri,  1873-1874."    Atlas,  folio. 
Jefferson  City,  1874. 

733. 

(7i-Eayden  (F.  Y.)  and  Holmes  (W.  H.).  Geological  map  of  Colorado 
Springs  and  vicinity,  Colorado.    Scale,  1  mile  to  1  inch. 

Accompanying  U.  S.  Geol.  and  Geogr.  Snrv.  Territories.  Explorations  of  1874. 
"Report  of  F.  Y.  Hayden."    Eighth  annual  report,  p.  40.    Washington,  1876. 
Pink  etching. 

734. 

iTi^Eayden  (F.  Y.).  Preliminary  map  of  the  eastern  base  of  the 
Bocky  Mountains,  Colorado,  from  the  Arkansas  fiivor  to  the 
Wyoming  line,  showing  the  limits  of  the  sedimentary  rocks,  and 
also  the  coal  oatciops.    Scale,  4  miles  to  1  inch. 

Accompanying  U.  S.  GeoL  and  Geogr.  Snrv.  Territories.  Explorations  of  1874. 
'*  Report  of  F.  V.  Hayden."    Eighth  annual  report,  p.  41.    Washington,  1876. 
Black,  with  geological  indications. 
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735. 

1874— Hayden  (F.  Y.)  and  Holmes  (W.  H.).    Map  of  the  Elk  Moantain^ 
Colorado.    Scale,  2  miles  to  1  inoh. 

Aooompftnying '' Report  on  the  geology  of  the  northwestern  portion  of  thr 
Elk  range."  In  U.  S.  GeoL  and  Geogr.  Snry.TerritorieB.  Exploratioos  of  1874 
Eighth  annual  report,  p.  72.    Washington,  1876. 

Bine  etohing. 

736. 
1874 — Peale  (A.  0.).    Map  A.   Shewing  lines  of  sections  (on  Eagle  Bi^erj 

Acoompanying  "Report  of  middle  division  (Colorado)."  In  U.  S.  Geol.  tsA 
Geogr.  8nrv.  Territories.  Explorations  of  1874.  Eighth  annnal  report,  p 
84.    Washington,  1876. 

Black  etching. 

737. 

1874 — ^Peale  (A.  0.).    Map  B.    Showing  lines  of  section  (across  GanniKon 
Biver). 

Acoompanying  **  Report  of  middle  diTision  (Colorado)."  In  U.  S.  Geol  aad 
Geogr.  SuTY.  Territories.  Explorations  of  1874.  Eighth  annual  report,  p. 
100.    Washington,  1876. 

Black  etching. 

738. 

1874 — ^Peale(A.O.).   MapO.  Showing  areas  ofporphyritic  trachyte  (Elk 
Monntains). 

Accompanying  "Report  of  middle  division  (Colorado)."  In  U.  S.  Geol.  td 
Geogr.  Snrv.  Territories.  Explorations  of  1874.  Eighth  annnal  report,  p- 
166.    Washington,  1876. 

739. 

1874— Peale  (A.  G.).    Map  D.    Showing  areas  of  rhyolite  and  breom 
(across  the  Onnnison  Biver). 

AccomiMuiying  ''Report  of  middle  division  (Colorado)."  In  U.  S.  Geol.  tod 
Geogr.  Snrv.  Territories.  Explorations  of  1874.  Eighth  annnal  report,  p.  l"0> 
Washington,  1876. 

Black  etching. 

740. 

1874— Peale  (A.  0.).    Map  E.    Showing  basaltic  plateaus  between  the 
Grand  and  Gnnnison  Bivers. 

Accompanying  "  Report  of  middle  division  (Colorado)."  In  U.  S.  Geol.  »nd 
Geogr.  Snrv.  Territories.  Explorations  of  1874.  Eighth  annnal  report,  ?•  1'^* 
Washington,  1876. 

Black  etching. 

741. 

1876— Endlidi  (F.  M.).    (Geological)  Map  of  Baker's  Park  and  yicinity! 
(Colorado). 

Accompanying  ''Report  on  the  mines  and  geology  of  the  San  Joan  ConntrT- 
In  Bnlletin  of  the  U.  S.  Geol.  and  Gteogr.  Snrv.  Territories.    VoL  I,  Ko.  3, 
second  series,  p.  164.    Washing^ton,  1875. 

Black  etching. 
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742. 
6— Endlieh  (F.  M.).    Map  of  Spanish  Peaks  region. 

AcoompaDjing  *'Qeologioal  report  on  the  soatheastem  distriot  (Colorado)." 
In  U.  8.  QeoL  and  Geogr.  Sorv.  Territories.  Explorations  of  1875.  Ninth  an- 
nual report,  p.  132.    Washington,  1877. 

Black  etching. 

743. 

76-Bndlich  (F.  M.).    Map  of  Trinidad  region. 

Accompanying  "  Geological  report  on  the  sontheastem  district  (Colorado)." 
In  U.  8.  GeoL  and  Oeogr.  Sorr.  Territories.  Explorations  of  1875.  Ninth  an* 
nual  report,  p.  196.    Washington,  1877. 

Black  etching. 

744. 

I76-Feale  (A.  C).    Map  of  south  side  of  Oannison  Biver. 

Accompanying  ''Geological  report  on  the  Grand Biver  district  (Colorado).'^ 
In  U.  8.  Geol.  and  Geogr.  Snrv.Territories.  Explorations  of  1875  Ninth  annual 
report,  p.  38.    Washington,  1877. 

Black  etching. 

745. 

175-Feale  (A.  0.).    Map  of  ITnai^eep  Ca£ion,  Colorado. 

Accompanying* 'Geological  report  on  the  Grand  Biver  district  (Colorado).'^ 
In  U.  S.  Geol.  and  Geogr.  Sorr.  Territories.  Explorations  of  1875.  Ninth  an- 
nual report,"  p.  58.     Washington,  1877. 

Black  etching. 

746. 

7&-Gilbert  (6.  K.),  Manrine  (A.  R),  and  Howell  (E.  E.).  Parts  of 
Eastern  California,  Sontheastem  Nevada,  Northwestern  Arizona, 
and  Southwestern  Utah.    Scale,  1  inch  to  8  miles,  or  1 :  606,880. 

Accomiianying  *'  Geological  atlas  projected  to  illnstrate  United  States  geo- 
graphical snrveys  west  of  the  100th  meridian  of  longitude,  nnder  the  com- 
mand of  First  Lient.  Geo.  M.  Wheeler."    New  York,  1876. 

747. 

78-ffilbert  (6.  K.),  Karvine  (A.  B.),  and  Howell  (E.  E.).  Southern 
and  Southwestern  Utah.    Scale,  1  inch  to  8  miles,  or  1 :  506,880. 

Accompanying  *'  Geological  atlas  projected  to  iUnstrate  United  States  geo- 
graphical surveys  west  of  the  100th  meridian  of  longitade,  nnder  the  com- 
mand of  First  Lieut.  Geo.  M.  Wheeler."    New  York,  1876. 

748. 

i76*Gilbert  (G.  K.)  and  Howell  (E.  E.).  Bestored  outline  of  Lake 
Bonneville.    Scale,  1  inch  to  17  miles. 

Accompanying  "  Geological  atlas  projected  to  illnstrate  United  States  geo- 
graphical surveys  west  of  the  100th  meridian  of  longitude,  under  the  com- 
mand of  First  Lient.  Geo.  M.  Wheeler."    New  York,  1876. 

Not  exactly  a  geological  map,  but  a  restoration  of  a  great  fresh-water  lake 
(Like  Bonneville)  ,'is  it  existed  during  the  quaternary  period.  Great  Salt 
Lake,  Utah  Lake,  and  Sevier  Lake  are  remains  of  that  great  lake,  equal  in 
extent  to  Lake  Huron. 
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749. 

1876--Gai)ert  (G.  K.),  Marvino  (A.  R.),  and  HoweU  (E.  E.).    Centr 
Western  Utah.    Scale,  1  inch  to  8  miles,  or  1 :  506,880. 

Accompanying  "  Geological  atlas  projected  to  illastrate  United  SU 
graphical  surveys  west  of  the  lOOth  meridian  of  longitude,  nnder  t 
mand  of  First  Lient.  Geo.  M.  Wheeler.''    New  York,  1676. 

760. 

1876 — King  (Clarence).     Geological  series.     Map  III.     Utah 
Scale,  4  miles  to  1  inch. 

Accompanying  '*  Geological  exploration  of  the  fortieth  parallel." 
ical  and  topographical  atlas,  folio.    (New  York)  1876. 
Two  sheets. 

751. 

1876 — ^Eing  (Clarence).    Geological  series.    Map  TV.    Nevada  p 
Scale,  4  miles  to  1  inch. 

Accompanying  ''Geological  exploration  of  the  fortieth  parallel.'' 
ical  and  topographical  atlas,  folio.    (New  York)  1876. 
Two  sheets. 

752. 

1876 — ^King  (Clarence).     Geological  series.     Map  V.     Nevada 
Scale,  4  miles  to  1  inch. 

Accompanying  "  Geological  exploration  of  the  fortieth  parallel." 
ical  and  topographical  atlas,  folio.    (New  York)  1876. 

Two  sheets. 

The  geological  maps  of  the  great  folio  atlas  accompanying  Clarenci 
**  Exploration  of  the  fortieth  parallel,"  five  in  numbers  in  ten  sheets 
10  geological  maps — extending  from  Cheyenne  to  Pyramid  Lake,  are 
ble  contribution  to  the  geology  of  a  part  of  the  Bocky  Mountains  a 
Basin  in  the  vicinity  of  the  fortieth  parallel.  Mr.  King  had  two  otl 
ogists  associated  with  him,  Messrs.  S.  F.  Emmons  and  Arnold  Hagui 
to  be  regretted  that  the  Spanish  word  CordillwM  has  been  used  mo 
orlminately  and  inappropriately.  Spanish  geographers  will  b»  sari 
learn  that  mountain  ranges  which  have  been  placed  by  them  as  Sier 
their  discovery,  are  Cordilleras.  It  is  not  only  a  misapplication  of  1 
Cordillera,  but  an  injustice  toward  the  first  scientific  explorer  of  thi 
General  John  C.  Fremont,  who  gave  the  very  appropriate  name  of 
Basin"  to  the  whole  region  between  the  Sierra  Nevada  and  the 
Mountains. 

753. 

1876 — ^Peale  (A.  C).    Map  of  area  B,  showing  the  geology  of 
Eiver  Valley  and  the  Book  Cliffs. 

Accompanying  '*  Geological  report  on  the  Grand  Biver  district  (Col 
In  U.  S.  Geol.  and  Geogr.  Surv.  Territories.  Explorations  of  1876 
annual  report.    Plate  XI,  p.  176.    Washington,  1878. 

Black  etching. 

(134) 


^v.\  CENTRAL   WESTERN   STATES   AND   TERRITORIES.  135 

764. 

6— Peale  (A.  C).  Oeological  map  of  area  A  (lying  between  the  San 
Mignel  and  Dolores  Elvers). 

Aocompanying  "  Oeological  report  on  the  Grand  River  district  (Colorado)." 
In  U.  8.  Geol.  and  .Geogr.  Surv.  Territories.  Explorations  of  1876.  Tenth 
annual  report.    Plate  YIII,  p.  165.    Washington,  1878. 

Black  etching. 

766. 

TS— White  (C.  A.).    Geological  map  of  a  part  of  Northwest  Colorado. 

Accompanying  "  Report  on  the  geology  of  a  portion  of  Northwestern  Colo- 
rado." In  U.  S.  Geol.  and  Geogr.  Snrv.  Territories.  Explorations  of  187G. 
Tenth  annual  report.    Plate  II,  p.  60.    Washington,  1878. 

Black  etching. 

766. 

177.— Onbert  (6.  XL).  Map  of  the  Henry  Mountains.  (Colored  geo- 
logically) from  a  model  in  relief. 

Accompanying  "Report  on  the  geology  of  the  Henry  Mountains."  4°. 
Southern  Utah.    Plate  Y.     Washington,  1877. 

767. 

177— Hayden  (F.  V.).  Northwestern  Colorado  and  part  of  Utah. 
Scale,  4  miles  to  1  inch,  or  1 :  263,440. 

Accompanying**  Geological  an4  geographical  atlas  of  Colorado  and  portions 
of  adjacent  territory."    Folio.    Sheet  XI.    New  York,  1877. 

Published  1878.  A.  R.  Marvine,  A.  C.  Peale,  F.  M.  Endlich,  and  C.  A.  White, 
geological  assistants.    Surveyed  1874-76. 

768. 

177— Hayden  (F.  V.).  Northern  Central  Colorado.  Scale,  4  miles  to 
1  inch,  or  1 :  263,440. 

Accompanying  *'  Geological  and  geographical  atlas  of  Colorado  and  portions 
of  adjacent  territory."    Folio.     Sheet  XII.    New  York,  1877. 

Published  1878.  A.  R.  Marvine,  A.  C.  Peale,  and  W.  H.  Holmes,  geological 
tasistanta.    Surveyed  in  1873-'74,  and  75. 

769. 

177— layden  (F.  Y.).  Central  Colorado.  Scale,  4  miies  to  1  inch,  or 
1:263,440. 

Accompanying ''Geological  and  geographical  atlas  of  Colorado  and  portions 
of  a<y acent  territory."    Folio.     Sheet  XIII.    New  York,  1877. 

Published  1878.  F.  M.  Endlich,  A.  C.  Peale,  and  W.  H.  Holmes,  geological 
assistants.    Surveyed  in  187^74,  and  75. 

760. 

177— Eayden  (F.  V.).  Western  Colorado  and  part  of  Utah.  Scale,  4 
miles  to  1  inch,  or  1 :  263,440. 

Accompanying;  "  Geological  and  geographical  atlas  of  Colorado  and  portions 
of  adjacent  territory."    Folio.    Sheet  XIV.    New  York,  1877. 

Published  1878.  A.  C.  Peale  and  W.  H.  Holmes,  geological  assistants.  Sur^ 
veycd  in  1874-75,  and  76. 
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761. 

1877 — ^Hayden  (F.  V.).     Soathwestern  Colorado  and  parts 
Mexico,  Arizona,  and  Utah.    Scale,  4  miles  to  1  inch,  or  1 

Accompanying  *'  Geological  and  geographical  atlas  of  Colonuio  an 
of  adjacent  territOH'."    Folio.    Sheet  XV.    New  York,  1877. 

Pablished  m78.    W.  H.  Holmes  and  F.  M.  Endlioh,  geological 
Surveyed  in  1874-'75. 

762. 

1877 — ^Hayden  (F.  Y.).    General  geological  map  of  Colorado, 
miles  to  1  inch. 

Accompanying  *'  Geological  and  geographical  atlas  of  Colorado  an 
of  adjacent  territory."    Folio»    Sheet  lY.    New  York,  1877. 

Pnblisbed  in  1678.  This  map  has  been  republished  from  the  atlai 
for  1876,  and  also  for  separate  distribution. 

763. 

1877 — ^Hayden  (F.  Y.).  Southern  Central  Colorado  and  part 
Mexico.    Scale,  4  miles  to  1  inch,  or  1 :  253,440. 

Accompanying  "  Geological  and  geographical  atlas  of  Colorado  ai 
of  adjacent  territory."    folio.    Sheet  XVI.    New  York,  1877. 
Published  1878.    F.  M.  Endlich,  geological  assistant.    Surveyed  i 

764. 

1878 — King  (Clarence).  Analytical  geological  map  of  the  w 
ploration  of  the  fortieth  paiallel.  I.  Archaean  and  gra 
posnres.    Scale,  30  statute  miles  to  1  inch. 

Accompanying  ''Geological  exploration  of  the  fortieth  paraUel." 
I.    Systematic  geology,  p.  1*26.    Washington,  1878. 

766. 

1878 — ^King  (Clarence).  Analytical  geological  map  of  the  art 
exploration  of  the  fortieth  parallel.  U.  ArchsBan,  grai 
paleozoic  exposures.    Scale,  30  statute  miles  to  1  inch. 

Accompanying  ''Geological  exploration  of  the  fortieth  parallel." 
I.    Systematic  geology,  p.  248.    Washington,  1878. 

766. 

1878^Xing  (Clarence).  Analytical  geological  map  of  the  are 
exploration  of  the  fortieth  parallel.  III.  Pre-mesozoic  a 
zoic  exposure.    Scale,  30  statute  miles  to  1  inch. 

Accompanying  "  Geological  exploration  of  the  fortieth  paralleL'' 
I.    Systematic  geology,  p.  356.    Washington,  1878. 

767. 

1878^King  (Clarence).  Analytical  geological  map  of  the  arc 
exploration  of  the  fortieth  parallel.  lY.  Tertiary  e^ 
Scale,  30  statute  miles  to  1  inch. 

Accompany  iLg  *'  Geological  exploration  of  the  fortieth  paralleL" 
I.    Systematic  geology,  p.  458.    Washington,  1678. 
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768. 

78— King  (Clarence).  Analytical  geological  map.  Yllly  IX,  XI,  aud 
XII.  Exposares  of  successive  orographic  disturbances. 

Acoompanying  '*  Geological  exploration  of  the  fortieth  parallel."  4^.  Vol. 
I.    SysteiDatio  geology,  p.  760.    Waahiogton,  1879. 

A  set  of  five  maps  corresponding  to  atlas  maps  I,  II,  III»  IV,  V ;  giving  geo- 
logical axes,  strike^  dip,  and  angle  of  the  strata. 

769. 

178— King  (Clarence).  Analytical  geological  map  of  the  area  of  the 
exploration  of  the  fortieth  parallel.  Y .  Glaciers  of  the  ice  age. 
Scale,  30  statute  miles  to  an  inch. 

Accompanying  "Geological  exploration  of  the  fortieth  paraUel."  4^.  Vol. 
I.    Systematic  geology,  p.  466.    Washington,  1878. 

This  map  is  not  geological,  bnt  merely  a  physical  map  giving  a  more  or  less 
exact  topographical  and  physical  map  of  the  country  during  quaternary  time. 

770. 

178— King  (Clarence).  Analytical  geological  map  of  the  area  of  the 
exploration  of  the  fortieth  parallel.  YI.  Lakes  of  the  glacial 
period. 

Accompanying  "  Geological  exploration  of  the  fortieth  paraUel."    4^.    Vol. 
I.    Systematic  geology,  p.  529.    Washington,  1878. 
A  physical  map,  only. 

771. 

TB^Kng  (Clarence).  Analytical  geological  map  of  the  area  of  the 
exploration  of  the  fortieth  parallel.  YII.  Tertiary  volcanic  rocks. 
Scale,  30  statute  miles  to  1  inch. 

Accompanying  "  Geological  exploration  of  the  fortieth  parallel.''  4^.  Vol. 
I.    Systematic  geology,  p.  677.    Washington,  1878. 

772. 
78— Kndge  (B.  F.).    Map  showing  the  superficial  strata  of  Kansas. 

Accompanying  "  Geology  of  Kansas."    Topeka,  1878. 

773. 

'^Dntton  (C.  E.).  Geological  map  of  the  district  of  the  high  plateaus 
of  Utah.    Scale,  1  inch  to  4  miles. 

Accompanying  **  Beport  on  the  geology  of  the  high  plateaus  of  Utah,  with 
athM."    40.    Atlaa^  folio,  sheet  II.    New  York,  1879. 

The  atlas  is  dated  1879,  the  report  1880,  and  the  distribution  of  both  took 
place  in  1881. 

774.    • 

1*— Becker  (G.  F.).  Geological  map  of  Virginia,  Nevada,  and  immedi- 
ate vicinity.    Scale,  1  inch  =  i  ,500  feet. 

Accompanying  "A  summary  of  the  geology  of  the  Comstock  lode  and  the 
Washoe  district."  Second  annual  report  of  the  United  States  geological  sur- 
vey. Beport  of  the  Secretary  of  the  Interior  for  1881.  Vol.  Ill,  Plate,  XLVI, 
p.  293.    Washington,  1881. 

(137) 


138  MAPOTECA  GEOLOGIC  A  AMEBIC  ANA. 

776. 

1881 — Button  (0.  E.).  Sketch  map  showing  the  di^tribation  of  t 
and  eruptive  rocks  in  the  western  part  of  the  plateau  ] 
Scale,  16  miles  to  1  inch,  or  1 : 1,000,000  nearly. 

Accompanying  "The  physical  geology  of  the  Grand  Cafion  distr 
ond  annual  report  of  the  United  States  geological  survey.  Report 
retary  of  the  Interior  for  1881.  Vol.  III.  In  pocket  in  back  of  yoIui 
ington,  1881. 

776. 

1881 — ^Emmonfi  (S.  F.).  Geological  map  of  Leadville  and  vicin: 
County,  Colorado.    Scale  i  mile  to  1  inch,  or  1:2,640. 

Accompanying  ''Abstract  of  report  on  geology  and  mining  industi 
Yille,  Lake  county,  Colorado."  Second  annual  report  of  the  Uni 
geological  survey.  Report  of  the  Secretary  of  the  Interior  for  188! 
Plate  XLIV,  p.  240.    Washington,  1681. 

Carefully  made  geological  map  of  a  difficult  and  complicatei 
Printed  also  separately. 

777. 

1881 — Hague  (Arnold).  Geological  map  of  Bnby  Hill,  Eureki 
district,  Kevada. 

Accompany  i  Dg  *  *  Report  of  Mr.  Arnold  Hague.  Division  of  the  Pac 
ond  annual  report  of  the  United  States  geological  survey.  Report  < 
retary  of  the  Interior  for  1881.    Vol.  Ill,  PI.  IX,  p.  22.    Waahingto 

778. 

1881 — Soudder  (S.  H.).  The  tertiary  lake  basin  at  Florissant,  C 
Scale,  1  mile  to  1  inch. 

Accompanying  "  The  tertiary  lake  basin,  at  Florissant,  Coloradc 
South  and  Hayden  Parks."  In  Bulletin  of  the  U.  S.  Geol.  and  Ge 
Territories.    Vol.  VI,  No.  2,  p,  300.    Wafihington,  1881. 

Black  etching. 
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779. 

19— Roemer  (Ferdinand).  Topographish-geognostiscbe  karte  von 
Texas. 

Accompanying ''Texas."    Bonn,  1849. 

A  very  important  geological  map,  the  first  of  Texas. 

780. 

B— Antisell  (Thomas).  Geological  plan  and  section  from  the  Rio 
Grande  to  the  Pimas  villages,  explored  in  1856  by  Lieut.  John 
G.  Parke.    Scale,  1 : 1,200,000,  nearly. 

Accompanying  ''  Reports  of  explorations  and  surveys  for  a  Railroad  route 
from  the  Mississippi  River  to  the  Pacific  Ocean/'  4 to.  Vol.  YII,  p.  206. 
Washington,  1857. 

781. 

B — ^Blake  (W.  P.).  Geological  map  of  the  route  explored  by  Lieut. 
A.  W.  Whipple,  near  the  parallel  of  the  35^  north  latitude,  from 
the  Mississippi  River  to  the  Pacific  Ocean.  Prepared  from  the 
notes  and  collections  of  the  geologist  of  the  expedition,  Mr.  Jules 
MarcoQ. 

Accompanying  '*  Report  of  explorations  and  surveys  for  a  Railroad  route 
from  the  Mississippi  River  to  the  Pacific  Ocean."  4to.  Vol.  Ill,  p.  176,  of 
Geological  Report.    Washington,  1856. 

782. 

57--Blake  (W.  P.).  Geological  map  of  the  route  explored  by  Capt. 
John  Pope,  near  the  32d  parallel  of  north  latidude,  from  the  Ked 
River  to  the  Eio  Grande.    Scale  of  1 : 3,000,000. 

Accompanying  '*  Reports  of  explorations  and  surveys  for  a  Railroad  route 
from  the  Mississippi  River  to  the  Pacific  Ocean."  4t'0.  Vol.  II,  p.  40,  of  Geo- 
.  logical  Report.    Washington,  1855. 

The  date  of  the  publication  of  this  volume  is  very  confused.  At  the  title 
page  the  date  is  1855 ;  on  the  geological  map  it  is  marked  1354  ;  the  report  on 
the  geology  is  dated  1856 ;  and,  finally,  an  explanatory  note  to  geological  re- 
port by  John  Pope  is  dated  1857.    This  last  date  is  the  true  one. 
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783. 

I 

1857 — ^Xaroon  (Jules).  Geological  map  of  New  Mexico,  from  a  sorvey 
made  during  the  months  of  September,  October,  November  and 
December,  1863.    Scale,  1 :  900,000. 

Accompanying  '*  Geology  of  North  America ;  with  two  reports  on  the  pni- 
ries  of  Arkansas  and  Texas,  the  Booky  Monntains  of  New  Mexico,  and  tb 
Sierra  Nevada  of  California."  OriginaUy  made  for  the  United  States  Goyen* 
ment    4to.    Plate  YIII.    Zurich,  1858. 

This  map  is  the  first  geological  map  of  New  Mexico,  and  the  first  dotailed 
geological  map  of  any  part  of  the  country  west  of  the  100th  meridian. 

784. 

1858 — ^Hewherry  (J.  S.).    Geological  maps  No.  1  and  No.  2.    Bio  Colo- 
rado of  the  West  (Arizona).    Scale,  12  miles  to  an  inch,  or 

1 :  760,320. 

Accompanying  ''Geological  report  of  the  Colorado  exploring  ezpedition,'* 

Lient.  J.  C.  Ives  in  command.    4to.    Washington,  1861. 

Two  sheets. 

785. 

1870 — ^Hopkins  (F.  Y.).    Preliminary  geological  map  of  Louisiana. 

Accompanying  *'  First  annual  Beport  of  the  Louisiana  geological  sonay, 
1869.    Louisiana  State  University,  Baton  Bouge."    New  Orleans,  1870. 

The  same  map,  without  changes  or  alterations,  accompanies  the  Second. 
annual  Beport  of  the  Louisiana  geol.  surv.,  New  Orleans,  1871. 

786. 

1871 — Hokpins  (F.  Y.).    Preliminary  geological  map  of  Louisiana. 

Accompanying  Second  annual  Beport  of  the  Louisiana  geological  snrv^S' 
New  Orleans,  1871. 
See  Hopkins  (F.  y.).    1870-No.  785. 

787. 

1871 — Hilgard  (E.  W.).    Geological  map  of  the  Mississippi  embaym^^ 

Accompanying  "  On  the  geological  history  of  the  Gulf  of  Mexico.'' 
Joum.    Silliman.    3d  series,  Vol.  II.    New  Haven,  1871. 
Black  etching. 

788. 


1871 — Hilgard  (E.  W.).    Geological  map  of  the  Mississippi  embayme 

Accompanying  *'  On  the  geology  of  lower  Louisiana,  and  the  salt  depo^^' 
on  Petite  Anse  Island.^  In  Smithsonian  Contributions  to  knowledge.  ^^ 
p.  28.    Washington,  1872. 

Black  etching. 

789. 

1872— Loew  (Oscar)  and  Roessler  (A.  B.).    Erforschung  von  Nordwest-^ 
Texas.    Scale,  1:2,500,000.  « 

Accompanying  "  Erforschung  des  Nordwest-theiles  yon  Texas  im  Jahi^^ 
1872."  Nach  den  Aufzeichnungen  von  Dr.  O.  Loew  nnd  A.  Boessler  zusai^^ 
mengestellt  von  Abb.  8.  Gatschet,  in  New  York.  Petermaun's  geographiscl 
Mittheilungen    A^.    Vol.  XIX,  Plate  XXIII.    1873.    Qotha,  1873. 
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790/ 

i— SoeMler  (A.  B.).  A.  S.  Roessler's  latest  map  of  the  State  of 
Texas  exhibiting  mineral  and  agricnltoral  districts,  &c.  Scale, 
20  miles  to  an  inch.    New  York,  1874. 

791. 
'5— Gilbert  (O.  K.).    Geological  map  of  the  Nutria  fold  and  Zu£Li 

0  

range.    Scale,  8  miles  to  1  inch. 

Accompauyiog  "Geology  of  portions  of  New  Mexico  and  Arizona;''  in 
Report  apon  geographical  and  geological  suryeys  west  of  the  100th  meridian, 
in  charge  of  first  Lient.  Geo.  M.  Wheeler.  YoL  III,  geology.  4^.  p.  561. 
Washington,  1B75. 

Black  etching. 

792. 

'5— Roeuier  (A.  R.).  Map  of  Llano  County  (Texas)  showing  geology, 
mineral  localities,  topography,  &c.  Scale,  4,000  varas  to  an  inch. 
New  York,  1875. 

793. 

I— Gilbert  (O.  K.),  Marvine  (A.  B.),  and  Howell  (E.  E.).  Parts. of 
Northern  and  Northwestern  Arizona  and  Southern  Utah. 
Scale,  1  inch  to  8  miles,  or  1:506,880. 

Accompanying  "Geological  atlas  projected  to  illnstrate  geographical  ex- 
ploratioiw  and  sorreys  west  of  the  100th  meridian  of  longitude,  nnder  the 
command  of  First  Lient.  Geo.  M.  Wheeler.''  Sheet  nnmher  67.  New  York, 
1876L 

794. 

T— Kaieon  (Jules),  Gilbert  (G.  K.),  and  Manrine  (A.  B.).  Parts  of  Cen- 
tral and  Western  Arizona.    Scale,  1  inch  to  8  miles,  or  1 :  506,880. 

Accompanying  *'  Geological  atlas  projected  to  illnstrate  geographical  ex- 
plorations and  suryeys  west  of  the  lOOth  meridian  of  longitude,  nnder  the 
ocmmand  of  First  Lient.  Geo.  M.  Wheeler."    Sheet  number  75.    New  York, 

isn. 

795. 

7— Gilbert  (G.  K.),  Karvine  (A.  B.),  and  Howell  (E.  E.).  Part  of  Eas^ 
em  Arizona  and  Western  New  Mexico.  Scale,  1  inch  to  8  miles, 
1:506,880. 

Accompanying  "Geological  atlas  projected  to  illustrate  geographical  ex- 
plorations and  surreys  west  of  the  100th  meridian  of  longitude,  under  the 
command  of  First  Lient.  Geo.  M.  Wheeler."    Sheet  number  Hi,    New  York, 

isn. 

Although  my  notes  of  165^-1854  of  the  exploration  of  Lieut.  A.  W.  Whip- 
ple hare  been  made  use  of  to  a  certain  extent  for  the  geographical  distribu- 
tion of  the  basalt,  triassic,  and  carboniferous  rocks,  I  requested  Lieutenant 
Wheeler  to  withdraw  my  name  from  the  list  of  geological  assistants,  on  the 
ground  of  difference  of  opinion  in  regard  to  the  geological  age  of  several  groups 
of  rocks.— J.  Marcou. 

(141) 


i 


142  MAPOTECA   GEOLOGIC  A   AMERICANA.  [bill?. 

1877— Gilbert  (G.  K.),  Howell  (E.  E.),  and  Loew  (Oscar).  Parts  of  Eastern     "' 
and  Southeastern  Arizona,  Western  and  Soathwestem  5ev 
Mexico.    Scale,  1  inch  to  8  miles,  or  1 :  506,880. 

Accompanying  '*  Geological  atlas  projected  to  illustrate  geographical  ex- 
plorations and  surveys  west  of  the  100th  meridian  of  longitude^  nnder  tli^ 
command  of  First  Lieut.  Geo.  M.Wheeler."    Sheet  number  83.  New  York,  lt?I7. 

The  Wheeler  Geological  Atlas,  containing  eleven  sheets,  published  betweet 
1875  and  1881,  inclusive,  is  a  very  important  contribution  to  our  knowledge 
of  the  geology  of  the  western  regions. 

797. 

1877 — Stevenson  (J.  J.).    Part  of  North  Oentral  Kew  Mexico.    Scale,  1 
inch  to  4  miles,  or  1:253,440. 

Accompanying  '^  Geological  atlas  projected  to  illustrate  geograpbical  ex- 
plorations and  surveys  west  of  the  100th  meridian  of  longitude,  under  the 
command  of  First  Lieut.  Geo.  M.  Wheeler."    (New  York.)    (1877.) 

See  the  same  map  by  Stevenson  (J.  J. ),  1881— No.  800. 

798. 

1881— Gflbert  (G.  E.),  Marvine  (A.  K.),  and  Howell  (E.  E.).    Parte  of 
Colorado  and  New  Mexico.    Scale,  1  inch  to  4  miles,  or  1 :  253,440. 

Accompanying  ^' (Geological  atlas  projected 'to  irustrate  geographical  es^- 
pioratiohs  and  sunreys  west  of  the  100th  meridian  of  longitude,  under  tls.^ 
command  of  First  Lieut.  Qeo.  M.  Wheeler."    New  York,  1876. 

Parts  of  sheets  number  69, 77,  and  78  of  the  geographical  atlas,  but  in  o-Kse 
sheet  only  of  geological  atlas. 

799. 

1881 — Stevenson  (J.  J.).    Parts  of  Southern  Colorado  and  NorthemN^^ 
Mexico.    Scale  1  inch  to  4  miles,  or  1 :  253,440. 

Accompanying ''Geological  atlas  projected  to  illustrate  geographical^^' 
plorations  and  surveys  west  of  the  100th  meridian  of  longitude,  under  "ft^^ 
command  of  First  Lieut.  Geo.  M.  Wheeler."    Sheet  number  70  A.    New  yo:«^^» 
1881. 

A  first  and  very  limited  issue  of  this  sheet  was  issued  in  May,  1877. 

800. 

1881— Stevenion  (J.  J.).    Part  of  North  Central  New  Mexico.    Scal^^ 
inch  to  4  miles,  or  1 :  253,440.  ^ 

Accompanying  '' Geological  atlas  projected  to  illustrate  geographical 
plorations  and  sunreys  west  of  the  100th  meridian  of  longitude,  nnder 
command  of  First  Lieut.  Gfeo.  M.  Wheeler."    Sheet  nomber  70  C.    New  Ya^' 
1881. 

It  is  A  second  edition ;  the  first  being  Issued  in  May,  1877,  but  not  3^ 
tribnted. 

(142) 


coul  SOUTHWESTERN   STATES  AND   TERRITORIES.  143 

801. 

)1— Stevenion  (J.  J.).  Part  of  Colorado  and  Kew  Mexico.  Scale,  1 
inch  to  4  miles,  or  1  -.253,440. 

Accompanying  ''Geological  atlas  projected  to  iUuBtrate  geographical  ex- 
plorations and  SDrveys  west  of  the  100th  meridian  longitade,  nnder  the  com- 
mand of  First  Lieut.  Geo.  M.  Wheeler."    New  York,  1881. 

Parts  of  sheets  nnmhers  69  B,  69  D^  77  B,  and  78  A,  in  one  single  sheet. 

Prof.  Cope  and  Dr.  Oscar  Iioe  assisted  La  part  for  the  fragment  of  map 
No.  69  D. 

N.  B.— The  three  last  maps  hy  Stevenson  (J.  J.),  Nos.  779, 800,  and  801,  were 
placed  in  pocket  in  hack  of  Vol.  III.— SnppIement--G^logy.— In  Report 
npon  Unite  States  geographical  snryeys  west  of  the  100th  meridian,  in  charged 
of  Captain  Geo.  M.  Wheeler.    4^.    Washington^  1881. 
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1832 — Burkhart  (Joseph).  Geognostische  Skizze  des  Weges  vonTlalpu- 
jahua  nach  Haetamo  dem  Jorallo  nnd  Yalladolid.  Haasstab 
yon  20  legoas  26.63  auf  einen  Grad. 

Accompanying  "  GeognoBtloha  Bemerkangen,  gesamniblt  aaf  einerBeiMTon 
Tlalpi:Ja1iiia nach  Haetamo,  dem  Jorallo,  Patzcaaro,  and  Valladolid,im8tutB 
Ton  Micboacan."  Karsten  AtcIut  fUr  Mineralogie,  d&e.  VoL  Y,  Plato  IE 
Berlin,  1»32. 

803. 

I 

1836 — Burkhart  (Joseph).    Karte  des  Gebirgea  von  Zacatecas. 

Accompanying  ''Aafenthalt  nnd  Seiaen  in  Mexico  in  den  Jahren  1825  bii 
1634.''    Stnttgart,  1836. 
Not  seen. 

804. 

1838 — Oaleotti  (H.  G.)    Carte  g^ognostique  des  environs  de  Zimapan 
an  M^xique. 

Accompanying  **  Notice  g^logiqne  Bar  les  environs  de  San  Jo66  del  Orc^- 
Bnlletin  de  PAcad6mie  royale  de  Belgique,  Vol.  V,  p.  737.    BrozeUes,  183&- 

805. 

1864— Eglofbtein  (Baron  F.  W.)  and  Gerolt  (Baron  Frederich  von).  G^^ 
logical  map  and  profiles  of  some  of  the  principal  mining  dft^^ 
tricts  of  Mexico.    Scale  of  12  miles  to  the  inch,  or  1 :  760,320. 

Accompanying  ^'  Contribations  to  the  geology  and  tbe  physical  geognpl 
of  Mexico."    New  York,  1864. 

Bgloffsteln  is  only  the  editor.    The  tme  antbor  of  the  geological  map,  pi 
files,  and  descriptions  is  Baron  Frederick  von  Qaiolt,  formerly  Prnssiaa 
ister  at  Mexico  and  afterwards  at  Washington. 

806. 

1865— DoUftLB  (Anguste)  and  Montserrat  (Engine  de).  Groqnis  g6ologiqc= 
et  topographiqne  des  environs  de  Tolnca.    Scale,  1 :  300,000. 

Accompanying  ''ArchiTes  de  la  commission   scientifiqne  da  Mexiqn^^ 
Tome  III,  p.  2a    Paris,  1867. 

807. 


1867— Dollftis  ( Angoste),  Montserrat  (Engine  de),  et  Pavie  (Paul). 

g^ologiqne  da  district  minier  de  Zomelahnacan.    Scale,  1 :  75,0(^^< 

Accompanying  ''Archives  de  la  commission  scientifiqne  da   Mexiqa^'- 
Tome  II,  p.  338.    Paris,  1867. 
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808. 

Tl^Barroso  (Agustin).  Carta  geologica  del  istmo  de  Tehuantepec, 
formada  por  la  comision  Mexicana  que  exploit)  el  Istmo  el  ano, 
1871.     Scale,  1 :  600,000. 

Accompauying  ^^Memoria  sobre  la  geologia  del  istmo  de  Tehaantepeo.'^ 
Anales  del  niinUterio  de  Fomento  de  la  republica  Mexicana.''  Toino  III,  p. 
330.     Mexico,  1880. 

Date  of  exploratiou,  1871.  Date  of  report,  April,  1874,  and  date  of  publica- 
tion, 1880. 

809. 

)71— Castillo  (Antonio  del).  Mapa  topografico  y  geognostico  de  las 
immediaciones  de  la«  minas  de  azogue  del  Tequezquite  en  el  de- 
partmento  de  Zacatecas.    Scale,  3,000  varas  mexicanas. 

Accompanying  ''  Memoria  sobre  las  Minas  de  azogne  de  America.''    LaKat- 
uraleza,  p.  48.    4^.     Mexico,  1871. 
Black,  with  mineralogical  indications. 

810. 

971— Spear  (J.  C).    Geological  map  of  the  istfamus  of  Tehnantepec 

Accompanying  '^  Reports  of  exploration  and  surveys,  to  ascertain  the  prac- 
ticability of  a  ship  canal  between  the  Atlabtic  and  Pacific  Oceans,"  by  Robert 
W.  Shufeldt,  Captain,  U.  8.  N.    4°.    Washington,  1872. 

More  exactly,  a  mineralogical  and  lithological  map. 

811. 

^7S— Bareeua  (Mariano).  Croquis  geologico  de  una  parte  del  estado 
de  Qaeretaro. 

Accompanying  **  Memoria  presentada  al  Senor  don  Bias  Balcarcel,  director 
de  la  escaela  especial  de  Ingenieros."  Ministerio  de  justicia  e  instraccion 
pnblica  de  los  Etados-Unidoa  Mexicanos.    P.  9.    4^.    Mexico,  1873. 

812. 

'&^Igl68iaf  (Miguel),  Baroena  (Mariano),  et  Matute  (J.  L).  Piano 
geologico  del  volcan  del  Oeboruco.    Scale,  1 :  75,000. 

Accompanying  * '  Memoria  de  la  comision  exploradora  del  volcan  del  Ce- 
bomco,"  near  Topic  Jalisco.    Anales  del  ministerio  de  Fomento  •de  la  repnb-. 
Ilea  Mexicana.    Tomo  I,  p.  115,  febrero  de  1877.    Mexico,  1877. 

813. 

B-^Barcena  (Mariano)'.  Carta  geologica  de  una  parte  del  estado  de 
Aguas  Calientes. 

Accompanying  *'Noticia  geologica  del  Estado  de  Aguas  calientes."  £1 
Propagador  indastrlal.    Tomo  I,  p.  348.    4^.    Mexico,  1876. 

814. 

"7 — ^Bareena  (Mariano).  Formacion  geologica  del  camino  de  Pachuca 
a  Jacala  y  del  distrito  de  este  nombre,  en  el  estado  de  Hidalgo. 

Accompanying  '^Noticia  cientiiica  de  una  parte  del  estado  de  Hidalgo." 
Anales  del  Ministerio  de  Fomento  de  la  repnblioa  Mexicana.  Tomo  I.  Marzo 
de  1877,  p.  340.    Mexico,     1877. 
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— WB8T  X1IDZB8  OR  AIITIU.B8,  COBfPRISINO  AZiIi  ZHB  XSLAKDe 
BBTWBBN  THB  BAHAMAS  AND  TRINIDAD. 

815. 

1819 — ^Vngent  (Nicholas).    Map  of  the  ifiland  of  Antigaa,  in  the  West 
Indies. 

Accompanying  *'A  sketch  of  the  geology  of  the  island  of  Antigua."    Tiins^ 
actions  of  the  Geological  Society.    A^,  Vol.  V,  Plate  XXXTT.    London,  VSSL 

816. 

18S1 — ^Hayoook  (J.  D.).    Geological  map  of  Barbadoes. 

Accompanying  "Geological  description  of  Barbadoes,  with  a  map  of  thBi»> 
land."  The  qnarterly  Joamal  of  science  of  the  Boyal  Institution  of  Gieak 
Britain.    Volnme  XI,  PI.  I.    London,  1821. 

817. 

1826 — ^Dela  Beohe  (H.  T.).    (Geological  map  of  part  of  Jamaica. 

Accompanying  "  Remarks  on  the  geology  of  Jamaica."  TransaotionB  of  tlia 
Geological  Society,  8d  series,  40   Vol.  U,  Part  II,  Plate  XVin.    London,  1887. 

818. 

1848— Taylor  (B.  0.).  Bough  sketch  or  reconnaissance  of  the  copper 
region  and  of  the  geology  of  the  Savanna  region  of  Gibara  in  the 
island  of  Cuba.    Scale,  1  mile  to  1  inch. 

Accompanying  '*  Memoir  on  the  character  and  prospects  of  the  copper  region 
of  Gibara,  and  a  sketch  of  the  geology  of  the  northeast  part  of  the  island  of 
Cuba."  Trans.  Amer.  PhiL  Soc.  New  Series,  4^,  Vol.  IX,  Article  YII,  Plato 
XXXm.    Philadelphia,  1846. 

Black  with  geological  indications. 

819. 

1880— Wall  (O.  P.)  and  Sawkins  (J.  O.).  Geological  map  of  Trinidad. 
Scale,  1  inch  to  4  miles. 

Accompanying  ''  B^port  on  the  geology  of  Trinidad."    London^  1860. 

820. 

1861— Duncan  (P.  M.)  and  Wall  (G.  P.).  Geological  sketch-map  of  the 
district  of  upper  Clarendon,  Jamaica. 

Accompanying  ''A  notice  of  the  geology  of  Jamaica,  especially  with  reference 
to  the  district  of  Clarendon."  Joom.  Qeol.  Soc.  Ixindon,  YoL  ICYT^  p.  3. 
London,  1865. 

Black  etching. 
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821. 

MtMSawkins  (J.  G.)  and  Brown  (G.  Barrington).  Geological  map  of 
Jamaica.    Scale,  one  mile  tx>  ^  of  an  inch,  or  1 :  263,410. 

Aooompanying  <*  Beports  on  the  geology  of  Jamaioa."    London,  1869. 

822. 

es— Julian  (A.  A.).  Key  of  Sombrero,  W.  L  Scale,  800  feet  to  the 
inch. 

Acoompanying  "  On  the  geology  of  the  Key  of  Sombrero^  Weet  India.''  An- 
naU  of  Lyceum  of  Katuial  History  of  New  York,  Vol.  Yin,  Plate  lY.  New 
York,  1867. 

Black  etching. 

823. 

n — Oeye  (P.  T.).  Map  of  Salt  Island,  Cooper  Island,  Ginger  Island, 
and  Bonnd  Bock. 

Accompanying  "On  the  geology  of  the  northeastern  West  India  IslandSi'' 
Kongl.  Svenska  Yetenskaps-Akademiens  Handlingar,  Bandet  9,  No.  12^  p.  IS. 
49.   Stockholm,  187L 

Black  etching. 

824. 

1 — CleYe  (P.  T.).    No  title  (map  of  Puerto  Bico). 

Accompanying  ''  On  the  geology  of  the  northeastern  West  India  Idandi.'' 
Kongl.  Svenska  Yetenskaps-Akademiens  Handlingar  Bandet  9,  No.  18,  p.  IS. 
4^,    Stockholm,  1871. 

Black  etching. 

826. 
1 — deve  (P.  T.).    No  title  (map  of  Saba  Island). 

Accompanying  "On  the  geology  of  the  northeastern  West  India  XdandB." 
Kongl.  Svenska  Yetenskaps-Akademiens  Handlingar,  Bandet  9,  No.  18,  p.  IS. 
4P.    Stockholm,  1871. 

Black  etching. 

826. 

1. — Clere  (P.  T.).    Map  of  St.  Martin. 

Accompanying  "On  the  geology  of  the  northeastern  Weet  India  Islands.'' 
KongL  Svenska  Yetenskaps-Akademiens  Handlingar,  Bandet  9,  No.  18,  p.  83. 
4P.    Stockholm,  1871. 

Black  etching. 

827. 

ri — Clave  (P.  T.).  Geological  map  oYer  the  northeastern  West  India 
Islands.    Scale,  nrririnn)- 

Accompanying  "On  the  geology  of  the  northeastern  West  India  Islands.'^ 
KongL  Syenska  Yetenskaps-Akademiens  Handlingar,  Bandet  9,  No.  18,Tafl. 
L    4<^.    Stockholm,  1871. 

Black  etching. 
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828. 

1871 — Cl0fe  (P.  T.).    Geological  map  over  a  part  of  the  Virgin  Islands, 
W.  L 

AecompaopDg  ^'On  the  geology  of  the  northeastern  West  India  IsIiDds." 
KoDgL  Srenjska  YetenskAps-AkademienB  Handlingar,  Bandet9,Ko.  12,Tfti 
H.    4^.    Stockholm,  1871. 

Blaek  etching. 

829. 

1871— Clare  (P.  T.).    Geological  map  over  St  Croix. 
Scale,  r«-fV<r5- 

Accompanying  '*On  the  geology  of  the  northeastern  West  India  iBUndB." 
Kongl.  Svenska  Yetenskaps-Akademiens  Handlingar,  Bandet  9,  No.  12,Taft- 
IL    4°.     Stockholm,  1871. 

Black  etching. 

830. 
1871 — Cleve  (P.  T.).    Geological  map  over  St.  Bartholomew. 

Accompanying  "  On  the  geology  of  the  northeastern  West  India  Islaoda.^  ' 
Kongl.  8 vemtka  Yetenskaps-Akademiens  Handlingar,  Bandet  9, No,  12, Ta^^ 
II.    4".    Stockholm,  1871. 

Black  etching. 

831. 

1872— Oabb  (W.  M.).  Geological  map  of  the  Bepublic  of  Santo  Dc^ 
miogo.    Scale,  12  miles  to  the  inch. 

Accompanying  *'  On  the  topography  and  geology  of  Santo  Domingo."  Tran^-^ 
Amer.  Phil.  Soc.,  New  Series,  Yol.  XY,  Article  lY,  p.  260.  4°  PhUadelphl^ 
1881. 

832. 

1877 — Onppy  (B.  J.  L.)-  Sketch  map  of  the  northwestern  part  of  Trin^ 
idad. 

Accompanying  **  On  the  physical  geography  and  fossils  of  the  older  rook^ 
of  Trinidad."  Proceedings  of  the  Scientific  Association  of  Trinidad,  YoL  11,^^ 
p.  115.    Port  of  Spain,  1877. 

Black  etching. 

833. 

1880— Salterain  y  Legarra  (Pedro).  Mapa  geol6gico  y  topogr&fico  en  J 
bosqaejo  de  las  jarisdicciones  de  la  Habana  y  Guanabacoa  (Isla  ^ 
de  Cuba).    Scale,  1 :  200,000. 

Accompanying  '^Apuntes  fisico-geoldgioos  de  la  Habana  y  Quanabaooa^*'  Bo-— 
letin  de  la  comision  del  mapa  geol6gico  de  EspaCla,  tomo  YII.  Lamina  P.  - 
Madrid,  1880. 

An  important  and  well  executed  map.    Published  also  separately. 
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K.-CBliTRAZi  AICBRZCA,  COMPRI8XNO  BRITZ8H  BONDTTRAB  OR 
BBLZZB,  HONDURAS;  OUATBBfALA,  SAZaVADOR,  NICARA- 
OUA,  AND  COSTA  RICA. 

834. 

116-1886 — ^Dollftis  (Angoste)  and  de  Montserrat  (Engine).  Esquisfle 
d'ime  carte  g^ologigue  d'ane  partie  des  r^publiques  de  Ouatemala 
et  de  Salvador  (Am^rique  Gentrale).    Scale,  1 :  761,000. 

Aocompanying  ''Voyage  g6ologique  dan^  les  r^publiques de  GnatemaU et 
de  Salvador."    Planohe  V.    4^.    Parie,  186a 
Very  important  and  well  executed. 
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IL— BCUADOR,  COLOMBIA  OR  2IEW  GRANADA,  AHD  VSNUZBULA. 

838. 

8 — ^Degenhardt  (Garl).  Plan-XTmgegeud  von  El  Qaarzo  der  Salzquel- 
len  and  der  Gtoldseifenweroko.  Maasstab  von  900  e|}gliachen 
Lachtern  ^  6  Fuss. 

Aocompanying  **  Ueber  die  SalEqnellen  dee  nordliohen  Theil^  der  ProTins 
Antioqnia  nnd  die  Gebirgsformationen  der  Umgebimg  von  MedeUin  im  Frei- 
staate  von  Nen-Grenada."  Karsten :  Arohiv  ftir  Mineralogies  etc.  Vol.  XII. 
Taf:  I.    Berlin,  1839. 

839. 

. — ^Degenhaidt  (Carl).  Carte  gMogique  du  district  de  la  B^|a, 
province  de  Pamplona,  Golombie. 

Accompanying  "Monatsbericbte  fiber  die  Verbandlnngen  der  GeeellBcbaft 
itlr  Erdknnde  en  Berlin."    Berlin,  1842. 
Not  seen. 

840. 

^ — ^Kanten  (Hermann).  Oeognostische  Karte  des  norddstlichen 
Yeneznela. 

Accompanying  ^'Beitrag  znr  Eenntniss  der  Gfesteine  dea  Ddrdliohen  Vene- 
snela."  In  the  Zeitecbrift  der  dentechen  geologisoben  GeBeUschaft.  II.  Band. 
Taf:  XL    Berlin,  1850. 

841. 

ft — Anonymom.    Isthmns  of  Panama;  geological  coloring. 

Accompanying  tbe  npper  left  band  comer  of  "A  new  map  of  Central 
America,  showing  tbe  different  lines  of  Atlantic  and  Pacific  commnnication.'' 
Poblisbed  by  J.  Distnmel.    New  York,  1860. 

A  fancy  geological  map  made  for  the  gold  seekers  of  California,  1849-^50. 

842. 

t — ^Taylor  (B.  0.).  A  map  of  the  Bio  Palenqne,  B.  Escribanos,  B. 
Valencia,  and  B.  del  Bey,  in  the  auriferoos  porphyry  region  of 
the  Pirovince  of  Yeragnas  and  Isthmns  of  Panama.  Scale  of  f 
of  an  inch  to  a  mile. 

Accompanying  *'  Substance  of  notes  made  during  a  geological  reconnais- 
sance in  the  auriferous  porphyry  region  next  the  Caribbean  Sea."  Joum* 
Acad.  Nat.  Sciences  of  Philadelphia.  4^.  24  Series.  Vol.  II.  Article  IX,  p. 
184.    Plate  X.    Philadelphia,  1850-'54 

Black,  with  geological  indications. 
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843. 

1866 — Kanten  (Hermann).    Karte  der  Yerbreitung  der  geognostiacheD 
Formationen  in  Golumbien. 

Aooompanying  "Die  geognostisohen  Yerh&ltDiase  Nea-Granada's."  Y6^ 
handlangen  der  Vereammlnng  deutscher  KatarfoiBcher.    4^.    Wien,  1866. 

844.    ^ 
1866— Kanten  (Hermann).    Golumbien  zur  Zeit  der  Kreideformatioii. 

Accompanying  ''Die  geognostischen  YerhaltniBse  Nen-Granada's.''  V6^ 
bandlnngen  der  YerBammlnng  deutsoher  Natnrforscher.    4^.    Wien,  16S6. 
Black  etching.    This  map  is  on  the  same  sheet  with  the  one  previoosly  dtei 

845. 

I860— Wall  (G.  P.).    Maps  and  sections  of  the  northern  part  of  South 
Amenca. 

Accompanying  "  On  the  geology  of  a  part  of  Veneznela  and  of  Tiiiiidid.' 
Jonm.  GeoL  Soc.  London.    Vol.  XYI,  p.  460.    London,  1860. 
Black  etching. 
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.—GUIANA  AHD  BRAZIL. 
846. 

1 — ClaiiBsen  (P.).  Carte  g^ologiqtie  d'ane  partde  de  la  province  de 
Minas  Geraee  au  Br^sil. 

Accompanying  '*  Notes  g^ologiqnes  snr  la.  proYince  de  Minas  Geraee  an 
Bi^l."    BolL  Acad,  royal  de  Bruxellee,  tome  YIII,  No.  5.    Broxellee,  1841. 

847. 

e — ^Foetterle  (Francisco)  and  Haidinger  (Goilherme).  Golpe  de  vigta 
geologico  do  Brezil  e  de  algonas  ontras  partes  centraes  de  Ame- 
rica do  Sal.    Scale  1 :  15,000,000. 

Accompanying  ''Die  geologische  UebersiclitBkarte  des  mittleren  TheOes 
Ton  SUd-Amerika."    Wien,  April,  1854. 

This  map,  in  Portugnese  language,  and  published  with  a  memoir  in  Ger- 
man to  explain  it,  was  constmoted  for  Pro£  Dr.  von  Martins,  of  Mtlnchenf  f6r 
his  great  work  on  Brazil. 

848. 

-— Hartt  (0.  F.).  Sketch  map  of  vicinity  of  Monte  Alegre  and 
Erer6. 

Accompanying  "  Contributions  to  the  geology  and  physical  geography  of 
the  Lower  Amazonas,"  in  Bulletin  Buffalo's  Soo.  Nat.  Sciences,  p.  201.  Bufblo^ 
1871. 

Black,  with  geological  indications. 

849. 

^ — ^Biown  (0.  Barrington).  Geological  map  of  British  Gniana.  Scale, 
one  inch  to  13:6  geographical  miles. 

Accompanying  ''Beports  on  the  physical,  descriptiTe,  and  economic  geology 
of  British  Guiana,"  by  C.  B.  Brown  and  J.  G.  Sawkins.    London,  1875. 

850. 

3— Blown  (G.  Barrington).  Map  of  a  portion  of  Sonth  America^ 
showing  the  position  and  extent  of  the  old  river-deposit  on  the 
Amazon,  east  of  Tabatinga. 

Accompanying  *'  On  the  ancient  river-deposit  of  the  Amazon."   Jour.  GeoL 
Boo.  London,  VoL  XXXV,  p.  763.    Plate  XXXVIII.    London,  1879. 
Black  etching. 
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XZZV.— PARAOX7A7,    URX70X7A7,   RBPUBLZCA  AROBNTINA,  PAT^* 
OONIA,  FALKLAND  ISLANDS  OR  ISLAS  MALVIN A8^  AJStt> 
TIUKRA  DSL  FUSOO. 

851. 

1886— Orbigny  (Alcide  d').  Garte  g^ologique  d'une  partie  de  la  B6p 
bliqae  Argentine,  oomprenant  les  provinces  de  OorrienteB  et  d 
Missions. 

Accompanying  ''Voyage dans rAm^riqaem€iidionale'';  partie  histoiiqiK 
Atlaa.    Carte  No.  3.    Paris,  1835. 

852. 

1888— Orbigny  (Alcide  d').  Garte  g^ologiqne  d'one  partie  de  la  B6pa  -^ 
bliqne  Argentine,  comprenant  les  provinces  de  Santa  F6,  d'Entre-^^ 
Bios,  de  Bnenos-Aires,  et  la  partie  septentrionale  de  la  Patagonie*^^ 
Scale,  20  lienes  an  degr^. 

Accompanying  ''Voyage  dans  rAm^riqne  m6ridionale";  partie  histoziqoe.  — ^ 
Atlas.    Carte  No.  1.    Paris,  1838. 

853. 

1867 — ^Bravard  (Angnste).  Mapa  geologico  y  topografico  de  los  alrede-  ^ 
dores  de  Bahia  Blanca.    Bnenos  Ayres,  1857. 

Unseen.    Copied  from  "Compte  rendu  de  la  Soci^t^  de  Gtegraphie  de      ^ 
Paris/'  No.  1,  1884,  p.  32,  Paris,  where  the  name  of  the  anthor  is  given  as 
Ravard. 

854. 

1869 — ^Itartin  de  Mousy  (Y.).    Garte  physique  de  la  Conf<Sd6ration  Ar- 
gentine. 

Accompanying  "Description  g^graphiqne et  statistiqne  de  la  Conf(Sd^ra-     - 
tion  Argentine."    Deoxi^me  Edition,  atlas,  planche  XX.    folio.    Paris,  1873. 

855. 

1876 — Stelzner  (Alfr.).    A  geological  map  of  a  part  of  the  Argentine 
Republic. 

Accompanying  "Boletin  de  la  Academia  nacional  de  oiendas  A^^fof  ex- 
istentes  en  la  oniyersidad,"  Vol.  I.    Buenos  Ayres,  1875. 
Unseen ;  published  by  Dr.  Bnrmeister. 
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866. 

r6— Bumeister  (Hermann).  Garte  g6ogno8tique  d'one  partie  de  la 
B6pabliqae  Argentine  entre  les  650-73o  de  longitade  et  2(P-340 
de  latitude. 

Aooompanying  ''Tableau  gfognostiqne  de  la  B^pnblique  Argentine.  Be* 
Boription  physique  de  la  B^publique  Argentine."  Tome  II,  lirre  lY,  p.  161. 
PariB,  1876. 

867. 

76-8ehiekendanti  (Federico).  No  title.  (A  small  sketch  map  of  a 
part  of  the  proTince  of  Oatamarca.) 

Accompanying  ''  The  natural  enlphatee  of  the  province  of  Catamaroa."  In, 
The  Argentine  Bepublio,  by  Richard  Napp,  p.  216.    Buenos  AireSi  1876. 
Black,  with  geological  inscriptions. 

868. 

O— laUemant  (G.  A.).    Los  lavaderos  y  criaderos  aarifSros. 

Accompanying  "Notas  sobre  los  layaderoe  y  cfladeros  aurifSros  de  los 
CetritoB  BlanooB  en  la  sierra  de  San  Luis."  Anales  de  la  Sodedad  dentlflca 
Argentina.    Tomo  IX,  Entrega  Y,  p.  208.  Buenos  Aires,  1880. 

Black  etching ;  the  text  says  it  is  colored,  los  lavaderos  =  color  de  oannin; 
los  onmulos  de  traquita  =  color  amarillo. 
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ZZV.— CHILB,  BOLIVZA,  AND  PBRXT. 

859. 

1827 — Bivero  (M.  de).    View  and  topographical  plan  of  the  new  ti 
of  the  hill  Pasco,  taken  from  the  lake  of  Qainlacocha. 

Aocompanying  "A  sketch  of  the  rich  mine  of  Paaoo."    Amer.  Joqtil 
mann.    Vol.  XY.    New  Haven,  1829. 

This  map  is  colored  lithologically  in  five  colors.    Translated  from  Joi 
of  Natoral  Science  and  National  and  Foreign  Industry  of  M.  de  Bivero. 
I,  No.  2.    Lima,  1828. 

860. 

1840 — Domeyko  (Ignace).    Esqoisse  d'une  carte  g6ologique  de  la  v) 
d'Elqui. 

Accompanying  ^'Snr  un  terrain  stratifi^  sitn^  dans  le  hant  dee  Cordill 
et  snr  les  silons  m^tallif^res  qui  Taccompagnent."  Annales  des  mines,  3e 
Tome  XVIII,  PI.  U,  p.  59.    Paris,  1840. 

■Black  etching. 

861. 

1842 — Orhigny  ( Alcide  d').   Carte  g6ologiqae  de  la  B6pabliqne  de  Bo] 

Accompanying  "  Voyage  dans  PAm^riqae  mMdionale. "  Tome  m,  S^^p 
O^logie.    Atlas.    Carte  No.  4.    Paris,  1842.  * 

The  most  important  geological  map  on  South  America,  giving  data  c 
geological  structure  of  the  Andes,  for  the  first  time  in  geology. 

862. 
1846 — ^Domeyko  (Ignace).    Garte  g^ologiqae  et  min^ralogiqae  du  ( 

Accompanying  **  Becherches  sur  la  constitution  g6ologique  du  Chili." 
nales  des  mines,  4«  ehne  Vol.  ESI,  Planche  lY,  p.  365.    Paris,  1A46. 
Black  etching.    The  first  important  and  exact  geological  work  on  Ch 

863. 

1846 — ^Domeyko  (Ignace).    Garte  g^ologiqne  des  environs  de  Goqoi 

Accompanying  **  Sur  le  terrain  tettiaire  et  les  lignes  d'ancien  nivo 
rOc€an  du  sud,  aux  environs  de  Coquimbo  (Chili).''  Annales  dee  mil 
s^rie.    Vol.  XIV,  p.  153,  PI.  U.    Paris,  184a 

Black  etching. 

864. 

1848 — ^Domeyko  (Ignace).    Garte  g^ologiqne  des,  environs  de  la  Ooi 
don. 

Accompanying  **  Sur  la  composition  g^ologique  du  Chili,  k  la  latitn 
Concepcion,  depuis  la  baie  de  Talcahuano  Jusqu'  an  sommet  de  la  cord 
de  Pichachen,  comprenant  la  description  du  volcan  d'Antnco."  Annal< 
mines,  4*  s^rie.    Vol.  XIV,  pp.  163  et  186.    PL  III.    Paris,  1848. 

Black  etching. 
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866. 

I— Forbes  (David).  Oeological  sketch  map  of  part  of  Bolivia  and 
Peru. 

Accompanying  **  Report  on  the  geology  of  South  America,  by  David  Forbes. 
Part  I.  Bolivia  and  Soathem  Peru,  with  notes  on  the  fossils,  by  Huxley,  Sal- 
ter, and  Joues."    Jonm.  Geol.  Soc.  London.    Vol.  XVII.    London,  1861. 

An  import-ant  map,  on  a  very  small  scale,  which  corrects  some  parts  of 
d'Orbigny's  map ;  it  is  also  separately  printed. 

866. 

f^Simonin  (Louis).  Carte  des  terrains  m^tallifferes  du  Ghili,  d'aprte 
Gay  et  Domeyko. 

Accompanying  *'  La  vie  sonterraine,  on  les  mines  et  les  mineurs.''  Carte 
XII,  p.  42i.    Paris,  1867. 

867. 

B— Coneha  i  Toro  (Enrique).  Piano  que  indiqua  la  situacion  del 
Terreno  Terciario  inferior  i  cretaceo  superior  entre  los  Puertos  de 
Tom^  i  Leuvu. 

Accompanying  **  Memoria  sobre  los  formaoiones  cuatemarias,  teroiarias,  i 
creticea  (superior)  de  Chile,  relativas  principalmente  a  la  parte  meridional 
de  este  pais."  Anales  de  la  Universidad  de  Chile,  tomo  XXXII,  no.  5,  p.  390. 
Santiago  de  Chile,  1869. 

Black  etching. 

868. 

8— Pisiis  (A.).  Piano  topographico  y  geologico  de  la  Bepublica  de 
Chile  levantado  por  6rden  del  gobierno,  btyo  la  direccion  de  A. 
Pissis.    Scale,  1 :  250,000.    Paris,  1873. 

In  13  sheets.  No  date  nor  place  of  publication,  but  1873  may  be  consid- 
ered as  the  exact  date  of  issue,  and  Paris  is  the  place  where  it  was  executed. 
The  map  is  colored  geologically,  but  a  certain  number  of  copies  have  been 
issued  in  black  with  limit  of  the  rocks  in  dotted  lines,  and  geological  inscrip- 
tions with  letters. 

It  is  the  most  important  geological  map  and  work  published  as  yet  on  South 

America,  and  is  very  creditable,  both  to  its  author,  M.  A.  Pissis,  and  the  ChU- 

ian  Government. 

869. 

V— Pisiis  (A.).  Carte  g^ologique  de  la  region  des  Andes  entre  22o 
et  420  Sud.    Scale,  1 :  5,000,000. 

Accompanying  **  M^moire  sur  la  constitution  g^ologique  de  la  chalne  des 
Xndee  entre  le  16*  et  le  53«  degr^  de  latitude  sud."  Annales  des  mines,  vol. 
m,  p.  404.    Paris,  1873. 

A  valuable  map,  giving,  on  a  smaller  scale,  the  results  contained  in  Pissis' 

largo  map  in  13  sheets. 

870. 

rS— Pisiis  (A.).  Piano  del  grupo  volcanico  de  los  volcanes  del  Des- 
cabezado  (Chile).    Scale,  1 :  100,000. 

Accompanying  ''Atlas  de  la  geografCa  flsica  de  la  Reptiblica  de  Chile." 
Lamina  19.    In  folio.    Paris,  1875. 
Explanation  of  the  atlas,  in  Qeografia  flsica  de  la  Reptiblica  de  Chile,  p.  341. 
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The  number  between  brackets  shows  the  correct  position  of  the  map 
in  the  general  catalogne. 

XL— NORTH  ABffERICA  IN  OBNBRAL. 

871  [30  a]. 

1848  .Ottitdnan  (Francis  de).    Carte  th^oriqae  de  PAm^riqae  SeptM* 
avant  le  sonl^vement  des  Illinois.    (Epoqne  silurienne.) 

Aooompanying  "Essai  sor  le  Byst^me  SUnrien  de  TAmMque  aeptentrio- 
nale.''    4P.    PI.  I.    Paris,  1843. 
In  black.    A  very  rough  sketch  map  with  geological  inscriptions  only. 

872  [69a]. 

1866— Daddow  (S.  H.).    Map  of  the  Alleghany  coal  field. 

Accompanying  "Coal,  iron,  and  oil;  or  the  practical  American  minttt* 
p.  318.    PottsYiUe,  Pa.,  1866. 
In  black. 

873  [696]. 

1866    Daddow  (S.  H.).    Map  of  the  great  coal  field  in  Iowa  and  Mis- 
sonri. 

Accompanying  "Coal,  iron,  and  oil;  or  the  practical  American  mineri* 
p.  377.    Pottsville,  Pa.,  1866. 
In  black. 

874  [69  0]. 

1866— Daddow  (S.  H.)  and  Bannan  (Benjamin).   Oreat  central  coal  field. 
(Illinois,  Indiana,  and  western  Kentucky .) 

Accompanying  "Coal,  iron,  and  oil:  or  the  practical  American  mineri'' 
p.  362.    PottsTille,  Pa.,  1866. 
In  black. 
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875  [80  a]. 

1880 — ^Hayden  (F.  Y.).  General  geological  map  of  the  area  explored 
and  mapped  by  Dr.  F.  Y.  Hayden  and  the  surveys  under  his 
charge,  1869  to  1880.    Scale,  1 : 2,600,000  or  41.03  miles  to  1  inch. 

Accompanying  '^  Twelfth  annaal  report  of  the  U.  S.  Geol.  and  Geogr.  Snnr. 
Territories,  for  the  year  1878."  Mape  and  panoramas  in  accompanying  pocket, 
sheet  XI.    Washington,  1863. 

This  map  was  issned  February,  1884,  several  months  after  the  rexwrt  and 
pocket.  It  embraces  Nebraska,  Dakota,  Montana,  Idaho,  Wyoming,  Utah, 
Colorado,  and  very  small  portions  of  New  Mexico  and  Arizona. 

876  [80&]. 

(1881)— Chamberlin  (T.  0.).  Geological  map  of  the  United  States,  com- 
piled from  varioas  official  somrces. 

Accompanying  <<  Wisconsin  geological  snrrey,"  Vol.  I,  Part  I,  PI.  m,  p.  79. 
Madison,  1883. 
Black  etching.    There  is  no  name  of  author  nor  date  on  the  map. 
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v.— ACADIA. 

877  [131a]. 

1886 — Daddow  (S.  H.)  and  Bannan  (BeDJamiD).    Maps  of  the  Arcadian 
Goal  fields. 

Accompanying  '*Coal,  iran,  and  oil;  or  the  practical  American  miner," 
p.  387,    Potteville,  Pa.,  1866. 

In  black.  A  reduced  copy  of  the  map  of  the  New  Brunswick,  Nova  Scotia, 
Cape  Breton,  and  Newfoundland  coal  fields,  by  R.  C.  Taylor. 

See  Taylor  (B.  C),  1848— No.  121. 


Vn— HBW  BNOLAND. 

878  [208a]. 
IMS— Ihompaon  (Zadock).    Geological  map  of  Yermont. 

Accompanying  '*  Gfeography  and  geology  of  Yermont,"  p.  44.    13^.    Burling- 
ton, 1848. 


Black  etching. 


Ball.  7 ^U 
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CL— PENN8TLVANIA,  DELAWARE,  AND  MARYIiAND. 

879  [276  a]. 

1866 — Lesley  (J.  P.)*  ^o  title.  (Map  intended  to  exhibit  the  north- 
eastern portion  of  the  great  eastern  coal  field  of  the  United 
States.) 

Accompanying  ''Manual  of  ooal  and  its  topography,''  12^,  P«  76,  fig.  SO. 
Philadelphia,  1856. 
Black  etching. 

880  [276h]. 

1866 — ^Lesley  (J.  P.)*    ^o  title.    (Map  of  the  region  of  the  Janiata.) 

Accompanying  ''Manaal  of  ooal  and  its  topography,"  12^,  p.  137,  fig.  37. 
Philadelphia,  1656. 
In  black. 

881  [285  a]. 

1866— Daddow  (S.  H.)  and  Bannan  (Beojamin).  Map  of  the  Broad  Ikip 
coal  field. 

Accompanying  "Coal,  iron,  and  oil;  or  the  practical  American  miner," 
p.  299.    Pottsville,  Pa.,  1866. 
In  black. 

882  [285  (]. 

1866 — ^Daddow  (S.  H.)  and  Bannan  (Beqjamin).  Map  of  Cumberland 
coal  field  (Maryland). 

Accompanying  **  Coal,  iron,  and  oil ;  or  the  practical  American  miner,*  p. 
.  332.    PotteviUe,  Pa.,  1866. 
In  black. 

883  [307  a]. 

1876 — ^Lesley  (J.  P.)  and  Frazer  (P.,  jr.).  Geological  maps  of  Adams 
County. 

Accompanying  ''2d  Qeol,  Siirv.  Pennsylvania."    Adams,  Franklin,  Camber- 
land  maps,  atlas,  D.  5.    Harrisborg  (1883). 

884  [324  a]. 

1878— Lesley  (J.  P.),  Prime  (P.,  jr.),  Clark  (E.,  jr.),  and  Berlin  (A.  P.). 
Geological  and  Topographical  map  of  a  part  of  Northampton 
County. 

AccompaDyiDg  *'2d  Geol.  Surv.  Pennsylvania."    Lehigh,  Northampton,  and 
Berks,  atlas  to  D.  .3,  Vol.  I  and  Vol.  II.    Harrisbnrg,  1878. 
In  six  sheets. 
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885  [343a]. 

1880— Fraier  (P.^  jr.).    Geological  map  of  Chester  Goanty.    Scale,  2- 
miles  to  1  inch. 

Aodompanying  "2d  Geol.  Sorv.  Pennsylvania."  The  geology  of  CheBter 
County,  C.  4.    Harrisburg,  1883. 

886  [343  (]. 

1880 — ^Lesley  (J.  P.).    Geological  map  of  Cumberland  County.    BoalOi 
2  miles  to  1  inch. 

Accompany ing  "2d  Qeol.  Sury.  Pennsylvania."  Adams,  Franklini  Camber- 
land  maps,  atlas  D.  5.    Harribbarg  (1883). 

887  [349  a]. 

1881 — ^Lewii  (H.  C.)  and  Wright  (G.  E.).    Map  showing  the  course  of 
the  great  terminal  Moraine  across  Pennsylvania. 

Accompanying  "2d  Geol.  Surv.  Pennsylvania."  Beport  on  the  terminal 
Moraine  in  Pennsylvania  and  Western  New  York.  Beport  of  progress.  Z. 
Harrisbnrg,  1884. 

888  [351a]. 

1881 — Sonden  (B.  H.).    Geological  map  of  Franklin  County.    Bcaley  2 
miles  to  1  inch. 

Accompanying  "2d  Geol.  Sorv.  Pennsylvania."  Adams, Franklin,  Comber- 
land,  atlaa  D.  5.    Harrisbnrg  (1883). 
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ZL-ILLINOI8,  ZOWA,  MZNIVXISOTA,  AND  WISCONSZN. 

889  [528  a]. 

1879 — King  (F.  H.).  Map  of  a  portion  of  the  Upper  Flambeau  vaU 
showing  the  position  of  Archsean  exposures. 

Accompanying  "Wisconsin  geological  survey,"  Vol.  IV,  Part  VI,  PL  J 
p.  585.    Madison,  1882. 

Black,  with  lithologioal  inscriptions.    There  is  no  name  of  aathor  on 
map. 

890  [536  a]. 

1881 — Chamberlin  (T.  O.).    General  geological  map  of  Wisconsin. 

Accompanying  *' Wisconsin  geological  surrey."  Atlas,  Vol.  FV,  folio,  F 
Milwaukee,  1882. 

891  [536  ft]. 

1881 — Chamberlin  (T.  O.).  Oeneral  map  of  the  Quaternary  formatii 
of  Wisconsin. 

Accompanying  '*  Wisconsin  geological  surrey."  Atlas,  Vol.  IV,  folio,  Pi. 
Milwaukee,  1882. 

892  [536  c]. 

1881 — Chamberlin  (T.  G.).    General  geological  map  of  Wisoonsin. 

Accompanying  *' Wisconsin  geological  survey,"  Vol.  I,  Part  I,  PL  II,  p. 
Madison,  1883. 
Black  etching.    There  is  no  name  of  author  on  the  map. 

893  [536  d|. 

(1881)— Irying  (B.  D.).  Grjstalline  rocks  of  the  Wisconsin  valley  (fr 
Pine  river  to  Grandfather  Bull  falls;  sketch  map  No.  YU 
Scale,  1^  miles  to  1  inch. 

Accompanying  "Wisoonsin  geological  survey,"  Vol.  IV,  Part  VII,  Pl.  S 
p.  702.    Madison,  1882. 

Black  etching  and  lithological  inscriptions.  There  is  no  date  nor  nam 
author  on  the  map. 

894  [536e]. 

(1881) — Irying  (B.  D.).  Grystalline  rocks  of  the  Wisiconsin  valley  (fi 
Junction  river  to  Mosinee;  sketch  map  No.  IV).  Scale,  1^  m 
to  1  inch. 

Accompanying  "Wisconsin  geological  survey,"  Vol.  IV,  Part VII,  PL  X 
p.  650.    Madison,  18^2. 

Black,  with  lithological  inscriptions.  There  is  no  date  nor  name  of  au 
on  the  map. 
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896  [536/]. 

II) — ^Irving  (B.  D.).  Crystalline  rocks  of  the  Wisconsia  valley. 
(Vicinity  of  Waosan;  sketch  map  Ko.  Y.)  Scale,  1^  miles  to 
1  inch. 

Accompanying  *^  Wisoonsin  geological  soryey,"  YoL  lY,  Part  YII,  PL  XYIU, 
p.  661.    Madison,  1882. 

Black,  with  lithological  inBcriptions.  There  is  no  date  nor  name  of  anthor 
on  the  map. 

896  [536^]. 

1 — Inring  (B.  D.).  Grystalline  rocks  of  the  Wisconsin  valley. 
(Upper  Eaa  Claire  Biver;  sketch  map  No.  YI.)  Scale,  1^  miles 
to  1  inch. 

Accompanying  "Wisconsin  geological  snryey,"  YoL  lY,  Part  YII,  PL  XIZ, 
p.  686.    Madison,  1862. 

Black  etching  and  lithological  inscriptions.  There  is  no  date  nor  name  of 
anthor  on  the  map. 

897  [536  A]. 

91— Irving  (B.  D.).  Crystalline  rocks  of  the  Wisconsin  valley. 
(Bib  Biver  valley  above  Marathon;  sketch  map  No.  YIL) 
Scale,  1^  miles  to  1  inch. 

Accompanying  ''Wisconsin  geological  sorvey,"  YoL  lY,  Part  YII,  PL  XX, 
p.  692.    Madison,  1882. 

Black  etching  and  lithological  inscriptions.  There  is  no  date  nor  name  of 
anthor  on  the  map. 

898  [536  {]. 

L — Irving  (B.  D.).  Map  illustrating  the  general  distribution  of 
the  crystalline  rocks  of  the  upper  Wisconsin  valley.  Scale,  6 
miles  to  1  inch. 

Acccynpanying  '*  Wisconsin  geological  survey,"  YoL  lY,  Part  YII,  No.  1,  p. 
625.    Madison,  1882. 

There  is  no  date  nor  name  of  anthor  on  the  map.  By  an  oversight  this  map 
has  been  numbered  No.  1,  and  is  not  contained  in  the  list  of  illostrationB, 
lithographic  plates  p.  xxii. 

899  [536 J]. 

II — ^Irving  (B.  D.).  Crystalline  rocks  of  the  Wisconsin  valley. 
(Vicinity  of  Grand  Bapids;  sketch  map  Ko.  L)  Scale,  1^  miles 
to  1  inch. 

Accompanying  ''Wisconsin  geological  survey,"  YoL  lY,  Part  YII,  PL  XIY, 
p.  627.    Madison,  1882. 

There  is  no  date  nor  name  of  author  on  the  map.  It  is  also  numbered  No. 
I,  like  the  preceding  map. 

Bee  Xnring  (R.  D.),  1881— No.  896. 
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900  [BMh]. 

1881— Irving  (B.  D.).     Orystalline  rocka  of  the  Wiaoonsm  ^ 
(Yidnity  of  Stevens  Point;  sketch  map  No.  IL) 

Aooompftnying  "Wiaconirin  geological  sarYey,"  Vol.  lY,  Part  Ylly  P 
p.  e39.    Kadiaon,  1882. 

There  ia  no  data  nor  tcale  nor  name  of  author  on  the  mi^. 

901  [5362]. 

1881— Irring  (B.  D.).     Oiystalline  rocks  of  the  Wisconsin  vi 
(Yellow  Biver;  sketch  map  No.  in.)    Scale,  1^  miles  to  1  i 

Aooompanying  "Wiaoonain  geologieal  aurrey,'' Vol.  IV,  Part  YII,  Fl. 
P.S45.    Madison,  1882. 
There  ia  no  date  nor  name  of  author  on  the  map. 
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902  [582  a]. 

MM— Dftddow  (8.  H.).  Map  of  the  Richmond  and  Piedmont  coal  fields. 
(Virginia.) 

Accompaoying  "  Coal,  iron,  and  oil ;  or  the  practical  AmerioaD  miner,"  p. 
396.    PottsTiUe,  Pa.,  1866. 
In  black. 

903  [5S2b]. 

90 — Daddow  (8.  H.).  Dan  Bi  ver  and  Deep  Biver  coal  fields.  (Y irgiaia 
and  North  Carolina.) 

Aeeonipanying  *'  Coal,  iron,  and  oil ;  or  the  practical  American  miner,''  p. 
404.    PottoYille,  Pa.,  1666. 
In  black. 

904  [582  d]. 

S — ^Daddow  (S.  H.)  and  Bannan  (Benjamin).  Map  of  the  great 
Kanawha  vaUey  and  the  iron  regions  at  the  head  of  the  New 
River.    Scale,  fifty  miles  to  an  inch. 

Accompanying  ''Coal,  iron,  and  oil ;  or  the  practical  American  miner,''  p. 
346.    PottBYille,  Pa.,  1866. 
In  black. 

905  [5826]. 

W— Daddow  (S.  H.)  and  Bannan  (Benjamin).    Map  of  the  New  River 
\    coal  fields.    (Virginia) 

Accompanying  "  Coal,  iron,  and  oil ;  or  the  practical  American  miner,"  p. 
\    407.    PottsYille,  Pa.,  1866. 

In  black. 
,  906  [582/]. 

WBaddow  (S.  H.)  and  Bannan  (Beijamin).    The  Alleghany  coal 
field  in  Alabama. 

Accompanying  *'  Coal,  iron,  and  oil ;  or  the  practical  American  miner,"  p. 
y.  355.    PottsYille,  Pa.,  1866. 
1   In  black. 

907  [590  aj. 

Wdey  (J.  PO-    Scott's  mine  at  (ft^  on  Middle  Greek,  Rnssell 
kmnty. 

Accompanying  "  The  geological  stmctnre  of  Tazewell,  Rossell,  and  Wise 

iantiee  in  Virginia.''     Proc.  Amer.  Phil.  Soc,  Vol.  XII,  p.  500,     Philadel- 

|a,1873. 

faaal]  black  sketch,  with  lithologtcal  indications. 

.  (107) 
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908  [612a]. 

1881 — Crandall  (A.  B.).  Kentucky  geological  survey.  Elliot  Ooonlc 
Scaley  2  miles  s  1  inch.    (New  York,  1881.) 

No  date  nor  place  of  pubiioation  on  the  map. 

909  [6126]. 

1881 — ^Fales  (J.  G.)  and  Linney  (W.  M.).  Kentucky  geological  survey; 
Boyle  and  Mercer  counties.  Geology  of  Boyle  County,  by  J.  C 
Fales.  Geology  of  Mercer  County,  by  W.  M.  Linney.  Scal- 
2  miles  =  1  inch.    (New  York,  1881.) 

No  date  nor  plaoe  of  pablication  on  the  map. 

910  [613  a]. 

1881 — Linney  (W.  M.).  Kentucky  geological  survey.  Garrard  County 
Scale,  2  miles  =  1  inch.    (New  York,  1881.) 

No  date  nor  place  of  publication  on  the  map. 

911  [6136]. 

1881 — ^Lmney  (W.  M.).  Kentucky  geological  survey.  Lincoln  Oonnt^ 
Scale,  2  miles  =  1  inch.    (New  York,  1881.) 

No  date  nor  place  of  pablication  on  the  map. 

912  [613  c]. 

1881 — ^linney  (W.  M.).  Kentucky  geological  survey.  Spencer  an 
Nelson  Counties.    Scale,  2  miles  =  1  inch.    (New  York,  1881.) 

No  date  nor  place  of  publication  on  the  map. 

913  [613  d]. 

1881— Linney  (W.  M.)  and  Knott  (W.  T.).  Kentucky  geological  so- 
vey.  Washington  and  Marion  counties.  Geology  of  Washinf 
ton  County,  by  W.  M.  Linney.  Geology  of  Marion  County,  Ib 
W.  T.  Knott.    Scale,  2  miles  =  1  inch.     (New  York,  1881.) 

No  date  nor  place  of  publication  on  the  map. 

914  [613  c]. 

1881 — ^Proctor  (J.  B.).  Map  of  Kentucky  from  the  Eclectic  geographic! 
Scale,  natural  size  as  1  to  1,679,000;  26^  miles  to  the  inch. 

Accompanying  '*  Kentncky  geological  Burvey."  New  series.  KoDtncky  Be 
rean  ftir  Geologic  und  Einwanderung.  Die  materiellen  Verhaltnisse  nn. 
Vortheile  fUr  Einwanderer  im  Staate  Kentucky.  Zweite  Auflage.  Frank 
fort,  Ky.,  1881. 

Black  etching  and  geological  indicatioDS.  This  map  was  also  published  L 
the  same  work  in  English  and  in  Scandinavian,  neither  of  which  have  vr 
been  able  to  see. 

916  [613/]. 

1881 — ^Proctor  (J.  B.).  Map  of  Kentucky  from  the  Eclectic  geographies 
Scale,  natural  size  as  1  to  1,679,000  y  26^  miles  to  the  inch. 

There  is  no  date  nor  place  of  publication  on  the  map,  bnt  the  copyright  i 
dated  1882.  The  map  is  published  separately,  having  some  statistics  piinte« 
on  the  back,  by  the  Kentucky  geological  survey  and  bureau  of  immigratioia 
With  the  exception  of  the  geological  coloring  it  is  the  same  as  map  No.  914. 
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916  [636a]. 

1878 — Endlich  (F.  M.).   (Geological  map  of)  Part  of  Central  Wyoming. 
Scale,  4  miles  to  1  inch,  or  1 :  253,440. 

Aocompanying  "Twelfth  annaal  report  of  the  U.  8.  Geol.  and  Geogr.  Snrv. 
Territoriefl  for  the  year  1878.''  Maps  and  panoramas  in  accompanying  pocket, 
sheet  3.    Washington,  1883. 

917  [6365]. 

1878 — ^Aayden  (F.  Y.)  and  Holmes  (W.  H.).    Preliminary  geological 

map  of  the  Yellowstone  National  Park.    Scale,  2  miles  to  1  inch, 

or  1 :  126,720. 

Accompanying  **  Twelfth  annual  report  of  the  U.  8.  Geol.  and  Geogr.  Snrv. 
Territories  for  the  year  1878."  Maps  and  panoramas  in  aocompanying  pocket, 
sheet  6.    Washington,  1883. 

918  [636  O]. 

^^TB- — ^Holmes  (W.  H.).    No  title.    (Map  showing  displacements,  Yel- 
lowstone valley.) 

Accompanying  ''Report  on  the  geology  of  the  Yellowstone  National  Park.'' 
IT.  8.  Geol.  and  Geogr.  Sarv.  Territories ;  twelfth  annual  report  for  the  year 
1878.    In  two  parts.    Part  II,  PI.  Ill,  p.  6.    Washington,  1883. 

Black  etching  and  geological  indications.  The  title  is  in  the  list  of  illus- 
trations. 

919  [636  d]. 

*®^8 — ^Holmes  (W.  H.).     Sketch  map  of  the  geology  of  Junction  valley 
(National  Park). 

Accompanying  ''Report  on  the  geology  of  the  Yellowstone  National  Park." 
U.  8.  Geol.  and  Geogr.  Surv.  Territories;  twelfth  annual  report  for  the  year 
1878.    In  two  parts.    Part  II,  PI.  XXII,  p.  42.    Washington,  1883. 

Black  etching. 

920  [6366]. 

1®T8 — ^Holmes  (W.  H.).    Distribution  of  Glacial  boulders  (National 
Park). 

Accompanying  "Report  on  the  geology  of  the  Yellowstone  National  Park." 
U.  8.  Geol.  and  Geogr.  Surv.  Territories ;  twelfth  annual  report  fbr  1878.  In 
two  parts.    Part  II,  PI.  XXX,  p.  52.    Washington,  1883. 

Black  etching  and  geological  indications. 

(169) 


170  MAPOTECA   QEOLOGICA   AMERICANA.  [mi,! 

921  [636/]. 

1878— Peale  (A.  C),  St  John  (Orestes),  and  Endlioh  (F.  M.).  Geologica 
map  of  portions  of  Wyomiog,  Idaho,  and  Utah.  Scale,  8  milei 
to  1  inch. 

AocompaDyiDg  '*  Twelfth  aDnaal  report  of  the  U.  S.  Geo),  and  Geogr.San 
Territories,  for  the  year  1878/'  Maps  and  panoramas  in  accompanying  pocke 
sheet  2.    Washington,  1B83. 

922  [636  p]. 

1878— Peale  (A.  C).  (Geological  map  of)  Parts  of  Western  WyomiD 
Southeastern  Idaho,  and  ^Northeastern  Utah.  Scale,  4  miles  U 
inch,  or  1 :  263,440. 

Accompanying  *'  Twelfth  annual  report  of  the  U.  8.  Geol.  and  Qeogr.Sn 
Territories,  for  the  year  1878."  Maps  and  panoramas  in  accoD>panying  pocl 
sheet  5.    Washington,  1883. 

923  [636*J. 

1878 — St  John  (Orestes).  (Geological  map  of)  Parts  of  West 
Wyoming  and  Southeastern  Idaho.    Scale,  4  miles  to  1  Id 

or  1 :  253,440. 

Accompanying  **  Twelfth  annnal  report  of  the  U.  S.  Geol.  and  Geogr.Si 
Territories,  for  the  year  1878."  Maps  and  panoramas  in  accompanying  poc) 
sheet  4.    Washington,  1883. 
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cvz.— cbhtral  'wbbtern  status  and  tbrritoribs»  btc. 

924  [763a]. 

7— teadder  (S.  H.).    The  Tertiary  lake  basin  at  Florissant,  Colorado. 
Scale,  1  mile  to  1  inch. 

AccompaDyiDf;  **The  Tertiary .  lake  basin  at  FloriasaDt,  Colo.,  between 
Sonth  and  Hayden's  Parka,"  U.  6.  Geol.  and  Geogr.  Sorr.  Territories;  twelfth 
annual  report,  for  the  year  1878.  In  two  parts.  Part  I,  p.  293.  Washington, 
1883. 

Black  etching.  Reprinted,  with  additions  and  alterations,  from  the  BnUetiit 
U.  B»  Geol.  and  Geogr.  Snrv.  Territories,  Vol.  YI,  p.  879.  Washington,  Feb- 
nary,  1881. 

See  Soiidd«r  (8.  H.),  1881-^No.  77a 
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Frazer  Biver,  Britiah  Columbia,  658. 

Freeborn  County,  Minnesota,  478. 

Freeman,  H.  C,  405. 

Frontenao  County,  Ontario,  Canada,  187. 

Fulton  County.  Pennsylvania,  820. 

Oabb.  W.  M.,  831. 

Gaioes,  Pennsylvania,  290. 

Galeotti,  H.  G.,  804. 

Gollatiu  Biver,  Montana,  829. 

Oander  Lak^,  Newfoundland,  106. 

Gander  River,  Newfoundland,  106. 

Gan-ard  County,  Kentucky,  910. 

Gasp^,  Canada,  169, 174, 188. 

Genesee,  New  York,  289. 

Georgia,  541,  548. 

Georgia,  Gulf  of,  British  Columbia,  648. 

Georgia,  Strait  of,  British  Columbia,  66L 

Georgia,  Yermont,  226. 

Geiolt,  Baron  Frederick  von,  806. 

Gesner,  Abraham,  114, 116, 117. 

Gibara,  Cnb^,  81& 

Gibb,  Q.  D.,  17&-178. 

Gibsonville,  California,  688. 

Gilbert,  O.  K.,  485,  585,  746-748,  766,  701,  708-796, 

788. 
GOpin,  E.,  105, 146, 147, 155, 156, 160. 
Ginger  Island,  West  Indies,  828. 
God's  Lake,  Canada,  665. 
Godthaab,  Greenland,  95. 
Gold  Run,  California,  686. 
Goodyear  Creek,  California,  691. 
Goodyear,  W.  A.,  681. 
Grandfather  Bull  Falls,  WisconsiB,  886. 
Grand  Cafion  of  the  Colorado  Biver,  775^  784, 796. 
Grand  Manan  Island,  New  Brunswick,  180. 
Grand  Manitoulin  Inland,  Canada,  184. 
Grand  Marais,  Wis.,  539. 
Grand  Rapida,  802. 
Grand  River,  Colorado,  740, 763. 
Grand  TraverBO.  Michigan,  379. 
Grant  County,  Witiconsin,  498. 
Grayson  County,  Virginia,  572. 
Great  Aughwick  Valley,  Pennsylvania,  817. 
Great  Bras  d'Or  Cape  Breton  Island,  158. 
Great  Salt  Lake,  750. 
Green  County,  Ohio,  407. 
Green  County,  Pennsylvania,  829. 
Green  County,  Wisconsin,  490. 
Green,  G.  K.,  439. 
Greenhorn  Creek*,  California,  686. 
Green  Lake  County,  Wisconsin,  491. 
Greenland,  90-96. 

Green  River  Basin,  Wyoming,  686^  717. 
Greenville,  South  Carolina,  578. 
Green,  W.,  Jr.,  58, 284. 
Grenville,  Canada,  164. 
Grewingk,  C,  669. 
Grinnell  Land,  94.     ' 
GronlandNord,  90, 91, 98. 
Grorland-Syd,  92. 
Gaanabaroa,  Cuba,  838. 

(1 


Guatemala,  834. 

Gnettard,  J.  B.,  24. 

GuU  of  Geoiii;ia,  British  ColinnUa,  UL 

Gunnison  River,  Colorado,  787,  780^  740^  74i 

Guppy,  R  J.  L.,  882. 

Habana,  Cuba,  833. 

Hagar,  A.  D.  212. 214. 

Hague,  Arnold,  705, 762, 777. 

Haidinger,  G.,  847. 

Halifax,  137. 

Hall,  James,  82,  52,  289,  455. 

Hamilton.  New  York,  239. 

Hampshire  County,  Massar.huiintti,  IML 

Hancock  County,  Ohio,  417. 

Harden,  E.  f).,  349. 

Hardin  County,  Illinois,  460. 

Hardin  County,  Ohio,  416. 

Hare's  Yalley,  Pennsylvania,  817. 

Harper,  L.,  559-564. 

Harrington,  M.  W.,  480-482. 

Hartley,  E.,  138. 

Hartt.,  C.  F.,  848. 

Hastings  County,  Ontario,  Canada,  187. 

Haugbton,  S.,  86,  87. 

Hawes,  G.  W.,  232. 

Hayden,  F.  Y.,  66,  619-628,  626-680,731,191,117- 

763,  875,  917. 
Hector,  J.,  641,  644-648. 
Headly,E.,lSl. 
Heinrich,aJ.,601,6ia  . 

Helderberg,  New  York,  288. 
Hendel,  C.  W.,  688, 692. 
Henley  Island,  Canada,  177. 
Hennepin  County,  MinneaotBk  602. 
Henry  County,  Ohio,  42Qi 
Henry  Mountains,  Utah,  766. 
Heron,  J.,  235. 
Hidalgo,  Mexico,  814 
Higgins,S.W..860. 
Highhmd  County,  Ohio,  406. 
Highgate  Springs,  Yeimoni,  185,  226. 
Hadreth,  &P„853. 
Hilgard,  B.  W.,  el.  575, 787, 788. 
Hill  F.C.,  425. 435. 
Hind.  H.  Y.,  187, 642. 643. 
Hitchcock,  C.  H.,  65, 67.  60,  70,  76,  77,  88,  HI,  «»• 

225.228-231. 
Hitchcock,  E.,  4,  41,  42, 72, 196, 196, 1«8;«I048^W 

206,209—211,215,216. 
Hitchcock,  E.,  Jr.,  215, 216. 
Holmes  County,  Ohio.  432. 
Holmes,  W.  H.,  733, 735, 917-990. 
Honejnian,  D.,  132. 
Hopkins,  F.  Y.,  785,786. 
Hotchkiss,  Jed.,692, 608, 614. 
Hot  Springs,  Colorado,  714. 
Houghton,  Douglas,  857. 
Houston  County,  Minnesota,  50L 
Howard  County,  Missouri,  780i 
Howard  Hill,  PeunsylvanU,  277. 
Howell,  £.  E.,  746-749, 793, 796, 796^  79a 
Howley,  J.  P.,  104, 107-110. 
Hubbard,  Bela,  359, 360. 
Hodacin's  Bay  territory,  688, 640. 669^  66& 
Huetamo,  Mexico,  802. 
Humphreys,  A.  A.,  57. 
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Lon  Cinuity,  PenniylTuUi,  296^  816-820, 

ton  Township,  PennsylvaiiiA,  800. 

ill,CaaifoTniA,686. 

too  ty,  Ohio,  43L 

».  915-017. 

if.,  812. 

7, 44S-450. 46«,  450, 401. 484, 628, 874. 

cmoo,  Misaoori,  80. 

178, 437, 438, 441, 008, 874. 

yoanty,  PennsyWaniii,  824. 

onnties : 

lolomew,  446. 

,388. 

rare,  444. 

1,888. 

tain.  443. 

ence,800. 

oe,488L 

im,  438. 

7,  442. 

749-451, 450, 450.  407, 408, 470. 628,  878. 

nty,  WlBConslii,  490, 49& 

B.  Wiaoonain,  539. 
ntain,  Hisaoari,  702. 
PrnnsylTUiia,  825. 

.  D.,  473-475,  477, 490-407, 604.««,  516, 610, 
534.636,893-001. 

A.  lk«,  o4,  BO. 

g,  Mlchisan,  440. 

.te,  CaiiadA»  006. 

Antlooctl.  106. 

Aqnidneok,  213. 

)hio,  405. 

lotto,  YenKmt,  216,  220. 

le,  Lake  Sopeilor,  808,  806^  878, 447. 

[exioo,  814. 

bounty,  Wiaoonaiii,  476, 477, 408. 

C.  T.,  Ul,  118, 115, 128,  908,  207,  208,  802, 

B17,  820, 821. 
.,29. 

nmtyt  Miaaonrl,  720. 
County,  HiMonii,  728. 
Connty,  Kew  York,  287. 
County,  PenntylTaniai  846. 
County,  WiaooDain,  487. 
.  K.,0. 
dezloo,  OiO. 
Ter,  Montana,  821. 
B.,  99, 100. 
kabs,  08. 
.A.,  822. 

Biver,  Wisoonaln,  887. 
Biver,  NattonalPark,  911. 
oonty,  Wisconsin,  491, 488. 
sgion,  PennsylTanla^  880. 
Valley,  804. 
0,028,772. 

Henaan,840,843,844. 
County,  Wisconsin,  487. 
r,  581.591,604,  690,  608-800,  008^018,  874 


Kentucky  comities; 

Boyle,  800. 

Elliott,  008. 

Ganaid,  910. 

Lincoln,  911. 

Karion,918. 

Mercer,  909. 

Nelson,  912. 

spencer,  912. 

Washington,  913. 
Kerr,  W.  C,  593. 

Ke-shik-on-se-kan,  Minnesota,  404. 
Kewannee  County,  Wisconsin,  480, 488. 
Keweenaw  Point,  302, 364, 809, 871, 878, 42f  604. 
Key  of  Sombrero,  West  Indie,  822. 
King,  Clarence,  036,  030, 700, 760,  762, 704-7n. 
King,  FH.,  889. 

Kings  County,  New  Brunswick,  128, 129. 
KlshaooqniUas  YaUey,  Pennsylvania,  274. 
Kloos,  J.  H.,  409-537. 
Knott,  W  T.,913. 
Knox  County,  Ohio,  432. 
Koch,  F.  C.  S.,  870. 
Koehler,  H.,  273. 
Komemp,  A.,  95,  90. 
Labrador,  88, 80. 

Lackawanna,  Pennsylvania,  284. 
Lackawanna  County,  Pennsylvania,  868. 
La  Crosse  County,  Wisconsin,  498. 
Ladd,J.B. 

La  Fayette  County,  Wisconsin,  490, 400L 
Lake  Bonneville,  Utah,  748. 
Lake  Champlain,  185, 220. 
Lake  Connty,  Colorado,  770. 
LakeKlisa,  Wisconsin,  524. 
Lake,  Geauga  County,  Ohio,  898. 
Lake  Huron,  167, 106, 184. 
Lake  Michigan,  80& 

Lake  of  the  Woods,  Manitoba,  088,  066,  066. 
Lake  Passaic,  New  Jersey,  266. 
Lake  Qninlacocha,  Peru,  860. 
Lake  St  John,  Canada,  101, 171 
Lake  Superior,  88,  02,  188,  366,  860,  800,  808-8T2, 

422,  447, 458,  634,  638,  689, 046, 040,  067. 
Lake  Winnipeg,  641,  002. 
Lallemant,  G.  A.,  868. 
Lanark  County,  Ontario,  Canada,  180. 
Lancaster  County,  Pennsylvania,  821, 828. 
Lsncaster,  South  Carolina,  660^  670. 
Lapham,  L  A.,  464,  400. 
La  Sslle  Connty,  Illinois,  406. 
Lawrence,  Byrem,  81. 
Lawrence  County,  Indiana,  880. 
Lawrence  Connty,  Pennsylvania,  882. 
Leadville,  Colorado,  770. 
Lebanon  County,  Pennsylvania^  200. 
Lee  County.  Ylrginia,  009,010. 
Leeda  County,  Ontario,  Canada,  180. 
Lehigh  Connty,  Pennsylvania,  204,  808  826. 
Lehman,  A.  E.,  295,  298. 
Lesley,  Joaeph,  Jr.,  601,  508. 
Lesley.  J.  P..  52,  286,  280,  288,  280,  202,  298,  290, 
808-307,  818,  822-324,  880-841,  886-COl,  870,  880, 
883,884,880,907. 
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LeoTn,  Chile,  887. 

Lewis,  H.  C,  887. 

LewiAtown,  PenniylvaniA,  272. 

licking  Connty,  Ohio,  482. 

Liok  Bun,  Virginia,  687. 

Lieber  O.  M..  88,  88,  S51,  fi54-^7, 665-«71, 678,  674f 

676-570. 
Linooln  County,  Kentnoky,  OIL  # 

Lincoln  Connty,  Miasoari,  715, 71& 
Linooln  County,  WiBConiin,  508,681. 
Lincoln  (Mount),  Colorado,  711. 
Llnney,  W.  M.,  000-013. 

Little  Juniat*  River,  Penneylvania,  208,  860, 86t 
Little  Pine  Creek,  PennsylTaaia,  SSL 
Little  Qninneaeo  Falls,  Wieconsin,  680. 
Little  Rocky  Mountains,  Montana,  834. 
Little  Tork,  California,  886. 
Llano  Connty,  Texas,  708. 
Llano  Estacado,  New  Mezioo,  788. 
IxMke,  John,  854, 856. 
Loew,  O.,  780.708. 
Logan  County,  Ohio,  425. 
Lognn,  Sir  W.  E.,  43, 44, 60, 188, 182, 164»  187. 188^  178, 

178, 170-181, 183-185. 
Long  Island,  New  York,  240. 
Long,  S.H.,20. 

Lorraine,  New  York,  237,  230. 
Loe  Angeles,  California,  877. 
Louisiana,  24, 785, 788. 
Lower  Black  River  Falls,  Wisoonain,  61L 
Lower  BruU  River,  Wieoonsin,  626. 
Luoaa  County,  Ohio,  885. 
Lnzeme  County,  Pennaylvania,  284. 
Lycoming  County,  Pennaylvania,  881, 848. 
Lyell,  Sir  Charlea,  84, 86, 46, 242-244. 
Lyman,  B.  S.,  583. 
Mac&rlane,  James,  88, 70. 
Maofarlane,  T.,  840. 
Mackie,  S.  J.  63. 

MacLeod's  Lake,  British  ColomUa,  88L 
Maolure,  William,  25-27, 54. 
MiMawaska  River,  Canada,  188. 
Madiaon  County,  Miaaouri,  782. 
Madiaon  River,  Montana,  820, 880. 
Maganatawan  River,  Canada,  188. 
Magdalen  Islanda,  Acadia,  112. 
Magdalen  River,  Canada,  170. 
Mahanoy  Baain,  Pennaylvania,  847,848. 
Maine,  220. 28L 
Maine,  Korthem,  218,210. 
Manhattan  laland,  Kew  York,  841. 
Manitowoc  County,  Wiaoonain,  488. 
Marathon  County,  Wisconsin,  477. 
Marathon,  Wisconsin,  800. 
Maroon,  Jules,  7,  8,  10-28,  40,48-60,66,00,88,182, 

228,824,825,882,783.704. 
Marion  County,  Alabama,  808. 
Marion  County,  Kentucky,  018. 
Marion  County,  Miasouri,  608. 
Marion  County,  Ohio,  402. 
Marion,  Virginia,  583. 
Mariposa,  Califomia,  684, 885. 
Marquette  County,  Michigan,  881. 
Marquette  County,  Wiaoonain,  40L 
Marquette,  Michigan,  887-448. 
Martha's  Vineyard,  Masaaohnsetta,  108. 


Martin  de  Monasy,  T.,  887, 854. 

Marvine.  A.  B.,  712-714,  748,  747,  740^  TOMSC^m, 

Maryland,  283,  882. 

Masaachnaetts,  183, 105, 106,  200, 9(0, 90i,  M^fli, 

224,227. 
Maaaachuaetta  oonntlea: 

Berkahire,  107. 

Hampshire,  100. 
Matamoros,  Mexico,  88. 
Mather,  W.  W.,  230, 240. 
Matthew,  G.  F.,  126, 128,128, 160. 
Matuie,  J.  S.,  812. 
Maury  Connty,  Tennessee,  646. 
Mauvaises  Torres  of  Nebraska,  817, 818. 
Maycook,  J.  1).,  818. 
McKean  County,  Pennsylvania,  880-8SOL 
Mecattina.  Canada,  178. 
Medina  County,  Ohio,  434. 
Meek,  F.  B..  805,  700, 701. 
Menominee  District,  Michigan,  438. 
Menominee  River,  888,  457,  52L 
Menominee  region,  Wiaoonain,  528,  587,  fi8SL 
Mercer  County,  Kentucky,  000. 
Mercer  County,  P«msylvania,  840. 
Mexico,  804,  805. 
Mexico,  Gulf  of,  81. 
Michigamme  River,  Wisconsin,  635. 
Michigan,  884-887,  880-372,  870,  421,  687.  SSa 
Michigan  countiea : 

Marquette,  88L 
Michigan,  Lake,  888. 
Michigan,  lower  peninaula,  ^83. 
Michigan,  northern  peninaula,  868-868;  M,  Ml 

887,800. 
Middle  Creek,  Virginia,  688, 680^  80L 
Middle  Park.  Colorado,  718,  n4. 
Middle  States,  32. 
Middle  Tezknessee,  640. 
Mii&in  Connty.  Pennsylvania,  272. 
Miller  County,  Missouri,  700. 
Milwaukee  County,  Wiaoonain,  487. 
Minaa  Geraea,  Braidl,  848. 
Minneaota,  87,  451.  462,  488-484,  488^  171, 471;  fl» 

483,  501-503. 528, 537. 
Minneaota  countiea: 

Pipestone,  513. 

Ramaey,512. 

Rice,  600. 

Rock,  513. 
Minneaota  River,  617. 
Miaaisagne  River,  Canada,  ITS. 
Mississagui  Rirer,  Canada,  184. 
Miaaiasippi.  551, 660, 680, 676. 
Miaaissippi  bottom,  580. 
Miaaiasippi  counties : 

Pontotoc,  583. 

Tippah,  584. 

Tishamingo,  561. 
Mississippi  enbayment,  787, 788. 
Mississippi  River,  28. 52, 67, 617, 680, 78L 
Missouri,  87, 702, 70S,  708, 709, 726^  781, 878. 
Missouri  counties : 

Barton,  728. 

Cai>e  Gixardeao,  72L 

Cedar,  727. 

Clark,  724. 
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mi 

mi 

i,690w 
790l 
rML 
It  72iL 
71^716. 
,722. 


i,aos. 

70L 
72& 
L& 
720. 

nerieYe,  722. 
lis,  007. 
729. 
719. 

er,  824,  827,  688. 
.),  540,  M4. 
tmty,  Hlasonri,  806L 
ity,  "Wliconrin,  488. 
,  833,  878. 
e,  Bnca,84& 
»,  Cftlifondft,  880, 882L 
,Bnsil,84& 
ilifiniiiA,88 
y,  875. 

Connty,  PennsylTUilA,  279i 
Dada,  182. 
rer.  Miohlgan,  891 
er,  WlsooDslii,  488,  407,  518. 
B.  de,  808,  807,  884. 
ity,  Iflnonri,  701. 
0fT6,  PennsylTaniA,  850,  851. 
ity,  Ohio,  41L 
iconsin.  887. 
In,  Colorado,  711. 
rd,  New  Hampahire,  282. 
ty,  Miimeaota,  479. 
lea,  88. 
.,  772. 

rer,  Alabama^  807. 
ity,  Indiana,  439. 
E..  101-104,  108-109, 167,  168. 
Tema,  aabterraneaa  river,  Canada, 

per,  Canada,  168. 

incoorer's  laland,  644,  646,  647,  660, 


k,  917-990. 

.  617-820,  628,  625,  626,  628,  875. 

iohlgan,446. 

fcy,  Kentaoky,  912. 

',  Hudaon'a  Bay  territory,  662. 

Itot,  New  Bmnawlok,  127. 

46,  751,  758.  774,  777. 

r.  S.,  874,  880.  884,  801-894,  405,  426. 


ick,  114, 121, 122, 124, 126-129, 185, 186, 
,160. 

lok  connttes  t 
28.129,151. 
186,168. 
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New  Bnmtwlok  oonnttea— eonttniied. 

Xlng8,128;i29. 
Qneena,  1^  129. 
St  John,  128, 129. 

y  iotorla,  186. 

Weatffloreland,  151. 

Tork.186. 
New  Bngbuid,  193-282,  878. 
Newfrandland,  97-107, 108, 121. 
New  Hampahire,  207, 208, 222, 228, 228, 288;  88L 
New  Jersey,  286, 24^-248, 250-254, 256, 250. 268, 907. 
New  Jersey  connties : 

Sussex,  249. 
New  Hexioo,  761, 763, 788, 795, 801, 875. 
New  RiYor,  Virginia,  896, 899. 
Newton  Connty,  liisaonri,  726. 
Newton,  Henry,  687. 
New  Tork.  162, 226,  280,  284,  285,289,240,246,269. 

262,264,267,207. 
New  York  oountaes : 

Cattarangna,  830. 

Clinton,  238. 

Dntchees,  260. 

Jeflbrson,  237. 

Orange,  285. 

Pntnam.  260 

Siohmond,  262. 

Westchester,  258, 260, 264. 
New  York  Island,  241. 
Niagara,  289, 242-244. 
Nicholson.  H.  A.,  667. 
Nick's  Creek,  Yirginia,  588. 
Nicol,  C.  8.,  644. 
North  America,  24-82,  871-876. 
Northunpton  Connty,  PennsylTsnia,  884. 
North  Bnrgees,  Canada,  188. 
North  CaroUna,  540,  541,  544,  553,  508, 805. 
North  Carolina  connties : 

Alleghany,  572. 

Ashe,  572. 
Northern  Maine,  218,  219. 
Northernmost  parts  of  America,  84,  86. 
Northwest  coast  of  America,  660. 
Norwood,  C.  J.,  726,  780-732. 
Norwood,  J.  O.,  87,  38,  452,  456. 
NoTA  Scotia,  111,  113-121,  124,  125,  131,  135, 188, 

189,  148. 149,  153-155,  157, 158, 160. 
Nora  Scotia  connties :  ^ 

Antigonish,  182. 

Cape  Breton,  150. 

Pioton,  156. 
Nngent,  Nicholas,  815. 
Nntria,  Arizona,  791. 
Oconto  Connty,  Wisconsin,  486,  527. 
Ooonto  Biver,  Wisconsin,  457. 
Ogishke  Mnnoie  Lake,  Minnesota,  588. 
Ohio,  297.  861.  374-377,  380,  388.  884,  8S8,  891,  896. 

400,  432,  483,  435,  440,  608. 
Ohio  cosl  basin,  608. 
Ohio  connties ; 

Adams,  854. 

Ashland,  482. 

AshUbnla,  398. 

Bntler.  427. 

Champaign,  426. 

Clark,  898. 
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Ohio  countlM— oonthraed. 

Coflhooton,  482. 

Crawford,  410. 

Cnyahoga,  892. 

DeilAnoe,  408. 

DeUware,  412. 

Erie,  405. 

Franklin,  429. 

G^OMiga^88e. 

Greene^  407. 

Hanoock,  417. 

Harding,  41& 

Henry,  42a 

Highland,  40& 

HolmM,  482. 

HnTon,481. 

Knox,  482. 

Lako,898. 

Lioking,482L 

Logan,  425. 

Lnoaa,88Sb 

Marion,  408. 

Medina,  484. 

Morrow,  411. 

Ottawa,  409. 

Paalding,416. 

Pike,  400. 

Portage,  428. 

Preble,  428. 

Putnam,  410. 

Biohliuid,432. 

Boss,  400. 

Sandnsky,  404. 

Seneca,  403. 

Snnunitk894. 

Tmmbnll,  888. 

Union,  414. 

Tan  Tf  ert,  418. 

Warren,  480. 

Wayne,  482. 
•  Wood,  418. 

Wyandot,  401. 
Ohio  RiTer,  517. 
Ohio  Yalley,  80, 863. 
Olmsted  County,  Minnesota,  480. 
Omaba  City,  Nebraska,  824. 
Ontario,  ]f7, 189. 
Ontonagon  River,  859, 878. 
Orange  County,  New  York,  285. 
Orbigny,  Aloide  d',  885, 851, 852, 8fL 
OrbLsonia,  Pennsylvania,  818. 
Oriskany,  New  York,  289. 
Orton,  Edward,  895, 406, 407, 427-480, 485, 440. 
Ottawa,  Canada,  175. 
OtUwa  County,  Canada,  172, 179, 190. 
Ottawa  County,  Ohio,  409. 
Ottawa  River,  167, 168. 
Ottonabie  River,  Canada,  166. 
Outagamie  County,  Wisconsin,  486,488. 
Owen,  D.  D.,  80, 87, 88, 448-461. 
Owen,  Richard.  458. 
Oxford,  New  Jersey,  248. 
Oxford  Lake,  Canada,  065. 
Osark  County,  Missouri,  718. 
Osaukee  County,  'Vf^^sconsin,  487, 488. 
Paohuca,  Mexico,  814 


Paoiflo,  80,606,781. 

Padilo  Bailxoad  (a  W.  Braneh),  Missouri,  708.^ 

Paint  Biver,  Wisconsin,  BS&. 

Palisade  Trap  Range,  New  Jen^,  260. 

Pamplona,  Colombia,  889. 

Panama,  841, 842. 

Parker,  Pennsylvania,  888. 

Pasco,  Peru,  860. 

Patagonia,  852. 

Paulding  County,  Ohio,  415. 

Pavie,  P.,  807. 

Peace  Biver,  British  Cdombia,  061. 

Peale,  A.  C,  029, 636-740, 744. 745, 763, 754. 921»  ^ 

Peck,  J.,  541. 

Peekskill,  New  York,  268. 

Peninsula  of  Avakm,  Newfoundland.  100. 

Pennsylvania,  268-282, 284-862, 87»-881, 883-^881 

Pennsylvania  countlee: 

Adams,  296, 288, 888. 

Allegheny,  304, 812. 

Armstrong,  839, 344. 

Beaver,  305. 

Bedford,  349-851. 
'   Blair,  293, 849-85L 

Bradford,  810. 

Butler,  303,337-339. 

Centre,  296. 

Chester,  279, 685. 

Clarion,  834. 

Clinton,  333. 

Crawford,  846. 

Cumberland,  886: 

Brie,  346. 

Fayette,  314-328. 

Franklin,  888. 

Fulton,  320. 

Greene,  329. 

Huntingdon,  296,  816-820,848-851. 

Indiana,  324. 

JeifOTSon,  846. 

Lackawanna,  862. 

Lancaster,  821-328. 

Lawrence,  822. 

Lebanon,  280. 

Lehigh,  294,808,826. 

Luseme,  284. 

Lycoming,  881,  842. 

MoKean,  830, 336. 

Mercer,  340. 

Mii&in,272. 

Montgomwy,  279. 

Northampton,  884. 

Potter,  306. 

Schuylkill,  278. 

Somerset,  280-288,818. 

Sunivan,  848. 

Susquehanna,  352.  ^ 

Tioga,  290, 311. 

Venango,  332. 

Washington,  327. 

Wayne,  852. 

Westmoreland,  809, 81&-826L 

Wyoming,  307. 

York,  295, 298, 835, 841. 
Penobscot  Bay,  Maine,  220 
Penokee  Gtep,  Wisconsin,  493 
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Queen  Charlotte  lalanda,  668, 664, 667. 

Qneena  County,  New  Brunswick,  128;  139l 

Qneretaro,  Mexico,  8U. 

Qoaenel  Month,  British  Colnmbia,  881. 

Quinlaoooha  Lake,  Peru,  850l 

Qninneeec  (Big  Falls),  Wisoonain,  619. 

Quinneaeo  (LitUe  Falls),  Wiaoonain,  620. 

Bacine  County,  Wisconsin,  487. 

Bainy  Lake,  Manitoba,  680. 

Bamsey  County,  Minnesota^  612. 

Bance^  C.  E.,  de,  94. 

Batsel,Friedr.,78. 

BaTard  (Bravard),  858. 

Bawdon,  Canada,  164. 

Bead,  M.  C.  888, 481. 488, 486. 

Bed  Dog,  Califbrnia,  686. 

Bed  Biver,  Texas,  762. 

B4mond  (A.  A.  B^mond  de  Corbinean),  680i 

Benfrew  County,  Ontario,  Canada,  180L 

Bepnblio  Moantain,  Michigan,  881. 

Bhode,J.G.,90,91,93. 

Bhode  Island,  203, 209, 218. 

Bib  Biver,  Wisconsin,  807. 

Bice  County,  Minnesota,  500. 

Biohazdaon,  James,  169-171,  174,  186,660,  811, 

664. 
Bichardson,  Sir  John,  83. 
Bichland  County,  Ohio,  432. 
Biohland  County,  Wiaoonain,  408, 498. 
Bichfflond  coal-field,  Virginia,  805.     . 
Bichmcnd  County,  New  York,  262. 
Bio  Coloiado,  Aiisona,  784. 
Bio  del  Bey,  Panama,  842. 
Bio  Esoribanos,  Panama,  842. 
Bio  Grande,  Texas,  780. 782. 
Bio  Polenque,  Panama,  842. 
Bio  Valencia,  Panama,  842. 
Bivero,  M.  de,  850. 
Biver  Tunnel,  California,  684, 686. 
Biyot,L.B.,372,878. 
Bobb,  C,  186. 148, 149, 164. 
Bobb,J.,122. 

Bock  County,  Minnesota,  518. 
Bock  County,  Wisconsin,  487,490. 
BockhiU  Gap,  Pennsylvania,  318. 
Bockport,  Maine,  221. 
Bock  Biver,  Wisconsin,  449.  0 

Bocky  Mountains,  686. 784. 
Bocky  Mountain  House,  Assinibonia,  668. 
Boemer,  F.,  770. 
Boessler,  A.  B.,  789. 700, 792. 
Bogers,  H.  D.,  51, 236, 278-282. 
Bogers,  W.  B.,  592, 611, 612. 
Bhode,  J.  G.,  90. 91, 93. 
Bominger,  C,  399, 428, 446. 
Boss  County,  Ohio,  406b 
Bound  Bock,  West  Indies,  828. 
Boutledge,  W.,  150. 
Baby  Hni,  Nevada.  777. 
Bupert's  Land,  642,  643. 
Bussell  County,  Virginia,  586-590.  90L 
Busseirs  Creek,  Virginia,  5M. 
Butherford,  John,  130. 140. 
Butland  County,  Vermont,  215. 
Saba  Island,  West  Indies,  825. 
Saguenay  Biver,  Canada,  161. 
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Saint  Anne  Harbor,  Cape  Breton  lalMid,  168. 

Saint  Antony,  Fall  of,  Minnesota,  608. 

Saint  Bartholomew,  Weet  Indiee,  830. 

Sidnt  Croix,  West  Indiee,  829. 

Saint  Croix  County,  Wiaoonein,  600,  682. 

8idn€  OeneTieve  County,  Miaaonri,  722. 

Saint  George,  Maine,  220. 

Saint  George's  Bay,  Newfoundland,  104, 106, 

Saint  John  County,  New  Branswick,  128, 129^ 

Saint  John,  New  Bninswiok.  120, 120. 150. 

Saint  John,  Orestes,  921,  923. 

Saint  Joseph  Island,  Canada,  184. 

Saint  Lawrenoe  River,  137, 186. 

Saint  Louis  County,  Minnesota,  468. 

Saint  Louis  Coun^,  Missouri,  097. 

Saint  Martin,  West  Indies,  826. 

Saint  Maiy  River,  Canada,  173. 

Saint  Mary*B  Bay,  Newfoundland,  109. 

Safibrd,  J.  M.,  649.  668,  680,  684. 

Salisbury,  Pennsylvania^  818. 

Salterain  y  Legarra,  P.,  888. 

Salt  Island,  West  Indies,  828. 

Salvador,  834. 

Sanders,  B.  H.,  888. 

San  Diego,  California,  674,  870. 

Sand  Portage  Rapids,  Wisoonsin,  63a 

Sandusky  County,  Ohio,  404. 

San  Franoisoo,  07L 

San  Fxanoiio  Bay,  07%  677. 

San  Franci^iuito  Pasa,  California^  070. 

Sim  Miguel  River,  Colorado,  764. 

Santo  F6,  New  Mexico,  86, 783. 801. 

Santo  F6  (Argentine),  862. 

Sianto  Domingo,  West  Indies,  88L 

Saakatchewan  River,  Assinibonia»  652. 

Sauk  County,  Wisconsin,  400, 491, 498. 

Savage,  M.E.,42L 

Savanna  region,  Cuba,  818. 

Sawkins,  J.  G.,  819, 821. 

Sayler,  N.,  877, 378, 581, 682. 

Scales's  diggins,  California^  602. 

Sohellenberg,  F.  Z.,  809. 

Schickendantz,  F.,  857. 

Schmidt,  A.,  726, 726. 

Schoharie,  New  York,  239. 

Schuylkill  County.  Pennsylvania,  273. 

Scotch  Y^ey,  Pennsylvania,  350, 861. 

Scott  County,  Virginia,  609-010. 

Scott's  mine,  Virginia,  90L 

Soudder,  S.  H.,  778, 924. 

Selwyn,  A.  R.  C,  052, 061. 

Seneca  County,  Ohio,  403. 

Shaler,  N.  S.,  504, 505, 599, 000, 618. 

Shawano  County,  Wisconain,  486. 

ShawashkoDg  River,  Canada^  166. 

Sheafisr,  A.  W.,  830, 348. 

Sheboygan  County,  Wisconsin,  488. 

Shelby  County,  Indiana,  442. 

Shenandoah  Basin,  Pennsylvania,  847, 848. 

Shenango  River,  Pennsylvania,  838. 

Sherwood,  A.,  806, 807. 810, 811, 342, 843. 

Shumard,  B.  F.,  600, 697, 718-724. 

Sierra  de  San  Laii  (Argentine),  858. 

Sideling  Hill,  Pennaylvania,  817. 

Sideling  Hill  Creek,  Pennsylvania,  820. 

Siena  Counly,  Califonaia,  091. 


Sinumin,  Louis.  9, 61, 62, 868. 
Sinking  Valley,  Pennsylvania^  860, 85L 
Sionx  City.  Iowa,  624. 
Sipsey  River,  Alabama,  607.  • 

Skidegate  Inlets  Britlah  Columbia,  661. 
State  Creek,  California,  691. 
Slippery  Rock  Creek,  Penn8ylvaoia,.>88. 
107.      Smarteville,  California,  687. 
159.      Smith,  S.  A.,  607, 602-607, 615. 
Smith,  S.,  290. 

Smith's  Valley,  Pennsylvsnia,  817. 
Smock,  J.  C,  247-351, 258, 256^  268. 
Smoky  River,  British  Columbia,  661. 
Smyth  County,  Virginia,  683. 
Snake  River,  Idaho,  630. 
Somdtset  County,  Ponnsylvania,  286^88;  tit 
Sooke  Inlet,  British  Columbia,  660. 
South  America,  83&-837, 845. 847, 860. 
South  Carolina.  646. 666. 677. 
South  Carolina  counties : 

Abbeville,  576, 679. 

Anderson,  578. 

Chester,  655b  669. 

Chesterfield,  557, 57L 

Gvoenville,  574. 

Lsnoaster,  556. 670. 

Pickens,  674. 

Spartanburg,  666, 567. 

Union,  665, 666. 

York,  654, 566,568. 
South  Hudson's  Bay,  628. 
Southwestern  Ohio,  386. 
Spanish  Peak,  Cslifomia,  689. 
Spanish  Peaks,  Colorado,  742. 
Spartanburg,  South  Carolina,  568,667. 
Spear.  J.  C,  810. 
Spencer,  J.  W.,  424. 
Spencer  County,  Kentucky,  Oil 
Speny,L.B..509. 
Staley's  Creek,  Virginia,  583. 
Staten  Island,  240. 
Steel  County,  Minnesota,  482. 
Steenstrup,  K.  J.  V.,  90-63. 
Sheep  Hollow  Creek,  Califomiak  681 
Stelnaner,  Alft«d,  856. 
Stevenson,  J.  J.,  312.314.815,826-829.888,48^  ' 

616,797,709-801. 
Stevens  Point.  Wisoonsin,  893. 
Stewart  Lake,  British  Columbia.  661. 
Stony  Point,  New  York.  266L 
Straight  of  G^rgia,  British  Columbia.  66L 
Stranoh,  291. 

Strong,  M.  490. 40S-500, 529-582. 
Sturgeon  River,  Michigan,  518. 527. 
Sullivan  County,  Pennsylvania,  348. 
Summit  County,  Ohio.  304. 
Susquehanna  County,  Pennsylvania^  862. 
Sussex  County,  New  Jersey,  249. 
Swallow,  G.  C,  698, 689, 703, 708. 
Sweet,  B.  T.,  510,  511,  530,  531. 
Sydney,  Cape  Breton  Island.  142, 147, 149, 150, 
Sydney,  North,  Cape  Breton  Island,  168. 
Sydney  River.  Cape  Breton  Island,  158. 
Tabatinga,  Brasil,  850. 
Table  Mountains,  California,  688. 
Tamaqua,  Pennsylvania,  273. 
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Venaauela,  840. 

Yennor,  H.  O.,  187-190. 

Yeraguaa,  Costa  BIca,  842. 

Yennont,  186. 212, 214, 216, 217, 296, 228^  281, 878. 

Yermont  oountlea : 

lale  La  Motte,  215. 

Sntland,  215. 
Yemen  County,  Miasonri,  729. 
Yemen  County,  Wiaeonain,  406. 
Yerplank,  New  York,  268. 
Yictorla  County,  Kew  Brunswick,  188. 
Yirginia,  672,  585.  586,  692,  801,  808-618,  814,  •!•, 

002-005,007. 
Yirginia  countiea: 

Carroll,  672. 

Floyd,  572. 

Grayson,  672. 

Lee,  600, 818. 

BnaseU,  586-500, 007. 

Scott,  600,  616. 

Smyth,  583. 

Taaewen,  58ft-600. 

Wiae,  585-590,  600, 616. 

Washington,  600, 616. 
Yirginia,  Nevada.  774. 
Ylrgin  Islanda,  West  Indies,  828. 
Yivian,  A.  P.,  80. 
Walker  County,  Alabama,  604. 
Wall,  O.  P.,  818. 820, 846. 
Walworth  County,  Wisconsin,  487. 
Warren  County,  Ohio,  480. 
Warren,  6.  K.,  517. 
Washington  County,  Kent-uoky,  018. 
Washington  County,  Pennsylvania,  887. 
Waahington  County,  Yirginia,  600,  616. 
Washington  County,  Wisconsin,  487, 488. 
Washoe,  Nevada,  706. 
Waukesha  County.  Wisconsin,  487. 
Waupaca  County,  Wisconain,  488. 
Wausau,  Wisconsin,  896. 
Waushara  County,  Wiaeonain,  49L 
Wayne  County,  Ohio,  432. 
Wayne  County,  Pennaylvania,  862. 
Weatcheater  County,  Kew  York,  268, 280;  284. 
Western  Canada,  191, 640. 
West  India  Islands,  Korth  Eastern,  827. 
Westmoreland  County,  Kew  Brunswick,  161. 
Westmoreland  County,  Pennaylvania,  809, 816^  826. 
Westem  Statea,  81, 32. 
West  Tennessee,  580. 
West  Yirginia,  297, 595, 608, 611, 612, 614. 
White,  C.  A..  467, 468. 470, 755. 
White,  O.,  548. 

White,  L  C,  803-305, 812, 822, 840, 846, 862. 
White  Mountains,  Kew  Hampahire,  226. 
White  Pine,  Kevada,  705. 
White  Biver,  Utah,  717. 
Whitney,  J.  B.,  864,  860,871,455,450,461,688-881, 

683,694. 
Whittlesey.  Charle<«.  87,  88,  861,  875,  876,  883,  400, 

422, 457, 458, 462-464. 476. 
Williamson  County,  Tennessee,  546. 
Williamson's  Pass.  California,  879. 
Winohell,  Alexander,  879. 

Winchell,  K.  H.,  401-404,  408-420,486^447,471.472^ 
•i7a  479. 483, 601-503, 512, 518, 688, 689,  «&. 
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Winston  Coonty,  AlftbaouK  00& 

Winnebftgo  County,  WlaoonaSn,  488. 

Wisconsin,  87,  441M5A,  468,  4fiO,  466.  478^77, 48fr- 

600, 604-506, 510^11, 514-686, 880-801. 
Wisoonsin  ooontieo: 
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Bftyfleld,580,681. 
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Chippewft,  600, 632. 

Douglas,  630. 

Sftu  Claire,  632. 

Iowa,  400, 498. 

Llnooln,606,68L 

Ooonto,486,527. 

Pepin,  688. 

Pierce.  688. 

Saint  Croix,  600, 638. 

Temprealean,  408, 682. 
WSaconain  Biver,  440. 
Wisconsin  Y  aUey,  808-001. 
Wise  County,  Virginia,  686-680, 600^  614 
WIsiisenus,  A.,  W. 
Wood  County,  Ohio,  418. 
Wood  County,  WisoonslB,  477. 


Woods  location  (Lake  Superior),  648. 

Woost«r,L.C.,600.682. 

Worthen,  A.  H..  456, 484. 

Wright.  C.  B.,  614, 527, 633, 536. 

Wright  County,  Miasouri,  718. 

Wright.  G.  P.,  887. 

Wrigley,H.B,71,2B7. 

Wyandot  County,  Ohio,  401. 

Wyoming.  629, 681, 635, 636, 784, 875. 91%  m-OB 

Wyoming  County,  Penn8ylTian%  307. 

Yellow  Biver,  Wisconsin,  804. 

Yellowstone  National  Park,  017, 010, 92a 

Yellowstone  BiTor,  627, 629, 630. 

Yellowstone  Valley.  Montana,  912. 

York  Conn^ ,  New  Brunswick,  136L 

York  County,  Pennsylyania,  296, 296;  886^141 

York.  South  Carolina,  654, 666L  66& 

You  Bet,  California,  6(A 

Young,  J. B.,  23& 

Yuba  BlTcr,  Calilinnia.  66L 

Zaoateoaa,  Mexico,  808,809. 

Zimapan,  Mexico,  804. 

Zomelahuaean,  Mexico,  807. 

Zuni  Baage,  New  Mexico^  70L 
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The  paUiofttioiia  of  the  United  States  (Geological  Snxvey  are  iaened  in  accordance  with  the  statute 
approTcd  ICatch  3, 1879,  which  declares  that— 

"The  pablications  of  the  Geological  Surrey  shall  consist  of  the  annual  report  of  operations,  geo- 
logical and  economic  maps  illastrating  the  reaoorces  and  classifications  of  the  lands,  and  reports  upon 
general  and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological 
Survey  shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and 
reports  of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director, 
but  otherwise  in  ordinary  ootavoa.  Throe  thousand  copies  of  each  shall  be  published  for  scientific 
exchanges  and  for  sale  at  the  price  of  publication ;  and  all  literary  and  cartographic  materials  received 
in  exchange  shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organisa- 
tion. And  the  money  resulting  ttom  the  sale  of  such  publications  shall  be  covered  into  the  Treasury 
of  the  United  States." 

On  July  7, 1882,  the  following  Joint  resolution,  referring  to  all  Government  publications,  was  passed 
by  Congress: 

"  That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be 
printed,  in  addition  to  the  number  in  each  case  stated,  the  *  nsusl  number '  (1,900)  of  copies  for  bind- 
ing and  distribution  among  those  entitled  to  receive  them." 

Under  these  general  laws  it  will  be  seen  that  none  of  the  Survey  publications  are  Aimished  to  it  for 
gratnltous  distribution.  The  3.000  copies  of  the  Annual  Keport  are  distributed  through  the  document 
rooms  of  Congress.  The  1,900  copies  of  each  of  the  publications  are  distributed  to  the  officers  of  the 
legislative  and  executive  Departments  and  to  stated  depositories  throughout  the  United  States. 

Except,  therefore,  in  those  cases  where  an  extra  number  of  any  publication  is  supplied  to  this  office 
by  special  resolution  of  Congress,  as  has  been  done  in  the  case  of  the  Second,  Third,  Fourth,  and  Fifth 
Annual  Reports,  or  where  a  number  has  been  ordered  for  its  use  by  the  Secretary  of  the  Interior,  as  in 
the  case  of  Williams's  Mineral  Besources,  the  Survey  has  no  copies  of  any  of  its  publications  for 
gmtnitons  distribution. 

ANNUAL  REPORTS. 

Of  the  Annual  Reports  there  harebeen  already  published: 

I.  First  Annual  Report  to  the  Hon.  Carl  Schurs,  by  Clarence  King.    1880.    9P.    79  pp.    1  map.    A 
preliminary  report  describing  plan  <][f  organisation  and  publications, 
n.  Report  of  the  Director  of  the  United  States  Geological  Survey  for  1880-'81,  by  J.  W.'PowelL 

1882.  9P.    Iv,  688  pp.    01  pi.,  1  map. 

m.  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881>'82,  by  J.  W.  PowelL 

1883.  9P.    xviii,  564  pp.    67  pi.  and  maps. 

IT.  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1882-*83,  by  J.  W.  PowelL 

1884.  9P.    zii,  473  pp.    85  pi.  and  maps. 
The  Fifth  Annual  Report  is  in  press^ 

MONOGRAPHS. 

So  fiff  as  already  determined  upon,  the  list  of  the  Monographs  is  as  follows : 

L  The  Precious  Metals,  bgr  Clarence  King.    In  prepu^tion. 

n.  Tertiary  History  of  the  Grand  Ca&on  DUtrict,  with  atlas,  by  Capt  C.  £.  Dutton.    Published. 

IIL  Geology  of  the  Comstock  Lode  and  Washoe  District,  with  atlas,  by  George  F.  Becker.  Pub- 
lished. 

IT.  Comstock  Mining  and  Miners,  by  Eliot  Lord.    Published. 

y.  Copper-bearing  Rocks  of  Lake  Superior,  by  Prof.  E.  D.  Irving.    Published. 

YL  Older  Mesozoic  Flora  of  Virginia,  by  Prof  William  M  Fontaine.    Published. 

TIL  Silver-lead  Deposits  of  Eureka,  Nevada,  by  Joseph  S.  Curtis.    Published. 

Tm.  Paleontology  of  the  Eureka  District,  Nevada,  by  Charles  D.  Walcott    In  press. 

IX.  Brachiopoda  and  Lamellibranchiata  of  the  Green  Marls  and  Clays  of  New  Jersey,  by  R.  P. 
Whitfield. 


ADVERTISEMENT. 

Geology  and  Mining  Industry  of  Leadville,  with  atlas,  by  S.  F.  Bmmons.    In  preparation. 

Geolofry  of  tbe  Eureka  Minin;;  District,  Nevada,  with  atlas,  by  Arnold  Hugae.    In  preparation. 

Lake  Bonneville,  by  6.  K.  Gilbert    In  preparation. 
•  Dinocerata.    A  Monograph  on  an  extinct  order  of  Ungulates,  by  Prof.  0.  C.  Marsh.    In  preparation. 

Sauropoda,  by  Prof  0.  C.  Marsh.    In  preparM^oo. 

Stegosaoria,  by  Prof.  O.  C.  Marsh.    In  preparation. 

Of  these  Monographs,  Xos.  II,  III,  lY,  Y,  YI,  and  YII  are  now  published,  viz: 

IL  Tertiary  History  of  the  Grand  Cafion  District  with  atlas,  by  C.  S.  Dutton,  Capt.  tJ.  S.  A.  1BS2. 
40.    264  pp.    42  pi  and  atlas  of  20  double  sheets  folio.    Price  $10.12. 

HX  Geology  of  the  Comstock  Lode  and  Wanhoe  District,  with  atlas,  by  G.  F.  Becker.  1882.  4^. 
XV,  422  pp.    7  pL  and  atlas  of  21  sheets  folio.    Price  $11. 

IV.  Comstock  Mining  and  Minora,  by  Eliot  Lord.    1883.  40.    xiv,  451  pp.    3  pL    Price  $1.50. 

Y.  Copper-bearing  Rocks  of  Lake  Superior,  by  Pro£  R.  D.  Irving.  1883.  4^.  xvi,  464  pp.  20  pL 
Price  $ . 

YL  Contributions  to  the  Knowledge  of  tbe  Older  Mesosoic  Flora  of  Yirginia,  by  Wm.  M.  Fontaine. 

1883.  40.    xl,144pp.    64  L    64  pi.    Price  $ . 

YIL  Silver-lead  Deposits  of  Eureka,  Nevada,  by  Joseph  &  Curtia.  1884.  40.  zlil,  200  pp.  16  pi. 
Price  $- 

Nos.  YniandlXare  in  press  and  will  soon  appear.  The  others,  to  which  numbers  are  not  as-' 
signed,  are  in  preparation. 

BULLETINS. 

The  Bulletins  of  the  Survey  will  contain  such  papern  relating  to  the  general  purpose  of  its  work  as 
do  not  pitiperly  come  under  the  heads  of  Aknual  Kbports  or  MoxoaaAPas. 

Each  of  these  Bulletins  will  contain  but  one  paper,  aud  be  complete  iu  itself.  They  will,  however, 
be  nuiubered  in  a  continuous  series,  and  will  in  time  be  united  into  volumes  of  convenient  sise.  To 
facilitate  this,  each  Bulletin  will  have  two  paginations,  one  proper  to  itself,  and  one  which  bel<mgs  to 
it  as  part  of  the  volume. 

Of  this  series  of  Bulletins  Nos.  1,  2.  3,  4,  !i,  6,  7.  S,  0  and  10  are  already  published : 

1.  On  Hypersthene-Andesite  and  on  Triclinic  Pyroxene  in  Aupitic  Rocks,  by  Whitman  Cross,  with  a 
Geological  Sketch  of  Buffalo  Peakn,  Colurailo,  by  S.  F.  Emmons.   1883.  8°.    42  pp.  2  pi.  Price  10  oenta. 

2.  Gold  and  Silver  Conversion  Tables,  giving  the  coining  value  of  Troy  ounces  of  fine  metal,  ice,  by 
Albert  Williams,  Jr.    1883.   8<3.    ii,  8  pp.    Price  5  cents. 

3.  On  the  Fossil  Faunas  of  the  Upper  Devonian  along  the  meridian  of  IHP  30',  from  Tompkins 
County,  N.  Y.,  to  Bradford  County,  Pa.,  by  Henry  S.  Williams.     1884.  8°.  36  pp.  Price  5  cento. 

4.  On  Mesozoic  Fossils,  by  Charles  A.White.   1884.   80.  36  pp.  0  pi.     Price  5  cents. 

5.  A  Dictionary  of  Altitudes  in  the  United  States,  compiled  by  Henry  Gannett  1884.  9P.  325  pp. 
Price  20  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.     1884.    8^.    43  pp.    Price  5  centa 

7.  Mapoteca  Geologica  Americana.  A  catalogue  of  geograpbicAl  maps  of  America  (North  and  South), 
1752-1831,  by  Jules  Marcou  and  John  BolknupMarcou.    1884.    S°.    184  pp.    Price— cents. 

8.  On  Secondary  Enlargements  of  Mineral  1^  agments  in  Ceriain  Rucks,  by  li.  D.  Irving  and  C.  R, 
Yanhise.    1881.    8°.    50  pp.    Price  10  cents. 

0.  A  Report  of  the  Work  done  in  the  Washiogtou  Laboiutorj*  during  the  fiscal  year  1883-'84.    F.  W. 
Clarke,  chief  chemist :  T.  M.  Chaturd,  assistant.    18S4.    S°.  40  pp.  Price  5  cents. 
10.  On  the  Cambrian  Faunas  of  North  America.    Pi^eliniinary  studies  by  Charles  DooUttle  Walcott. 

1884.  8°.    74  pp.    Price  5  cents. 

STATISTICAL  PAPERS. 

A  fourth  series  of  publications  having  special  reference  to  the  mint^ral  resources  of  the  United  States 
is  contemplated.  Of  that  seriei  the  first  has  been  published,  viz  :  Mineral  Resoui-ces  of  the  United 
States,  by  Albert  Williams,  jr.     1883.    8°.    xvii.  813  pp.    Price  50  cents. 

Correspondence  relating  to  the  publications  of  the  Survey,  and  all  remittances,  which  moat  be  by 
postal  note  or  money  order,  should  be  addressed  to  the 

DlBXCTOB  OF  THB  UMTSD  STATES  GEOLOGICAL  SUB\'7T, 

WathingUm,  D.  C 
Washington,  D.  C,  Augutt  31, 1884. 
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SECONDARY  ENLARGEMENTS 


OP 


MINERAL  FRAGMENTS 


IN 


CERTAIN  ROCKS 


BY 


R.  D.  IRVING  and  G.  R.  VAN  HISE 


LETTER  OF  TRANSMITTAL 


United  States  Geological  Survey, 

Madibon^  Wis.,  April  1,  1884. 

Sir:  I  bave  the  honor  to  tjausmit  herewith  a  paper  ou  Secondary 
Eulargemeuts  of  Mineral  Fragments  in  Certain  Rocks,  prei)ared  by  my- 
self and  Assistant  Geologist  C.  R.  Van  Hise. 

The  plates  were  all  drawn  from  nature  with  the  camera  lucida,  by 
Assistant  Geologist  W.  N.  MiTriam. 

I  am,  sir,  very  respectfully  yours, 

ROLAND  D.  IRVING, 
Geologist  in  CJuirpe  of  the  Survey  of 
Pre-Camhrian  Rock^  of  the  Northwt stern  States, 
Hon.  J.  W.  Powell, 

Director  United  States  Geological  Surrey^ 

Washington^  D.  G. 
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Tofiftoepace. 
Flatx  I. — Horonian  qaartzite  of  East  Neebisli  Rapids,  Saiut  Mary's  River..  1 

Platk  II.  Crystal-faced  enlargements  of  quartz  fragments 13 

Fio.  1.  Single  grain  of  the  sandstone  intercalated  in  Huron ian  quartzite 
Ox  East  Neebish  Island.  Enlarged  67  diameters.  No.  17  of 
the  list,  p.  26.  The  outlines  of  the  crystal  faces  were  drawn 
in  from  a  dry  mocnting,  after  which  the  grain  was  covered 
with  balsam  and  the  nncleal  fragment  drawn. 
FiQ.  2.  Another  grain  from  the  same  sandstone,  drawn  from  a  balsam 

mounting.    Enlarged  67  diameters. 
Fio.  3.  Single  grain  of  the  Huronian  sandstone  of  Spnrr  Mountain,  Mich. 
No.  30  of  the  list,  p.  30.    Drawn  from  a  balsam  mounting. 
Enlarged  100  diameters. 
Figs.  4,  5,  6.  Single  grains  from  the  Potsdam  sandstone  of  New  Lisbon, 
Wis.    No.  67  of  the  list,  p.  40.    Balsam  mounting.    Enlarged 
95  diameters. 
Fios.  7,  9.  Single  grains  of  the  Potsdam  sandstone  of  the  quarry  on  the 
Torch  Lake  Railroad,  Keweenaw  Point,  Michigan.  No.  90  of 
the  list,  p.  40.    Enlarged  67  diameters. 
Fio.  8.  Portion  of  a  thin  section  of  the  same  sandstone,  showing  how 
nncleal    fragments    and    enlargements   polarize   together. 
Enlarged  67  diameters.    The  black  spaces  are  holes  in  the 
section. 

Plate  III. — Thin  sections  of  qnartzites 15 

Fio.  1.  Qnartzit«  crust  of  Saint  Peter's  sandstone,  Arlington  Prairie, 
Columbia  County,  Wisconsin.  No.  95  of  the  list,  p.  42.  The 
enlargements  have  often  taken  crystal  faces.  Ordinary  light. 
Enlarged  35  diameters. 
Fio.  2.  Arenaceous  quartzite,  Animikie  series.  Portage  Bay  Island,  Min- 
nesota, coast  of  Lake  Superior.  No.  61  of  the  list,  p.  36. 
Polarized  light.  Enlarged  45  diameters. 
Plate  IV. — ^Fios.  1  and  2.  Thin  sections  of  red  quartzite,  Animikie  group, 

Prairie  River  Falls,  Minnesota.    No.  58  of  the  list,  p.  35.    The 
same  section  in  ordinary  and  polarized  light.    Enlarged  39 

diameters 23 

Plate  Y. — ^Thin  sections  of  sandstone  and  quartzite 25 

Fio.  1.  Indurated  Saint  Peter's  sandstone,  Gibraltar   Bluff,  Columbia 

County,  Wisconsin.   No.  96  of  the  list,  p.  42.   Polarized  light. 

Enlarged  35  diameters. 

Fio.  2.  Huronian  quartzite  of  Neebish  Island,  Saint  Mary's  River.    No. 

12  of  the  list,  p.  25.  Polarized  light.   Enlarged  35  diameters. 
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12     SECONt)ARY    ENLARGEMENTS   OF   MINERAL   FRAGMENTS.     [nvLuh. 

the  outline  of  tbe  original  grains  of  sand  is  perfectly  distinct,  and  the 
cavities  between  them  are  tilled  with  clear  quartz  in  crystalline  con- 
tinuity with  the  contiguous  grains ;  so  that  the  whole  is  a  mass  of  in- 
terfering crystals,  each  having  a  sand-grain  as  a  nucleus.  The  rock 
has  thus  been  converted  into  a  hard  quartzite,  almost  like  a  true  quartz 
rock,  but  differs  from  such  quartz  rocks  as  those  of  the  Scotch  High- 
lands in  containing  no  mica  crystallized  in  situ.  All  my  specimens  of 
these  quartz  rocks  are  really  highly  quartzose  mica-schists ;  and,  so  far, 
I  have  failed  in  my  endeavors  to  trace  the  connection  between  them 
and  true  sandstones,  though  possibly  this  could  be  easily  done  in  some 
districts  which  I  have  not  examined.''^ 

In  the  American  Journal  of  Science  for  July,  1881,  A.  A.  Young 
describes  a  sandstone  from  the  Potsdam  sandstone  of  New  Lisbon,  Wis., 
the  rolled  grains  of  which  are  enveloped  in  secondary  crystal-faceted 
quartz  coatings.  In  the  same  journal  for  June,  1883,  the  senior  author 
of  this  paper  showed  what  Sorby  regards  as  probable,  viz :  that  the  "co- 
hesion of  the  grains  in  hard  and  compact  qnartzites"  is  due  to  this  depo- 
sition of  interstitial  quartz,  to  be  certainly  true  in  the  cases  of  certain 
quartzites  and  mica-bearing  quartz-schists  of  Archsean  (Huronian)  age. 
He  also  showed  that  irregular  areas,  olten  of  very  small  size,  andeven  thin 
crusts,  due  to  a  mere  weathering,  occur  frequently  in  the  Saint  Peter's 
and  Potsdam  sandstones  of  Wisconsin,  in  which  these  sandstones  have 
been  changed  to  vitreous  quartzites  by  the  same  mode  of  induration,  i.  e., 
by  the  deposition  of  an  interstitial  quartz  which  has  divided  itself  off 
into  interlocking  areas  optically  continuous  with  the  original  grains  of 
quartz  sand. 

^So-called  *^ crystallized"  saudH  and  sandstones  have  been  described  by  many 
anthors,  beginning  with  Gerhard,  in  1816,  bat  none  of  them,  so  far  as  we  have  yet 
learned,  understood  that  the  crystal-faced  grains  were  roUed  fragments  enlarged  by 
secondary  deposition.  The  idea  with  regard  to  these  sandstones  appears  to  have  been 
that  their  crystal-faced  grains  were  wholly  separated  ont  from  solntion,  and  the  sand- 
stones  not  really  of  clastic  origin.  Zirkel  (Petrographie,  II,  p.  575)  says  of  these  crys- 
tallized sandstones  that  they  *S'ielleiclit  gar  nicht  zu  den  klastischen  Gesteinen 
gerechnet  werden  diirfen.''  See  also  Naumann's  Geognosie,  I,  p.  530,  and  Von  Cotta's 
Lithology,  Lawrence's  translation,  pp.  296, 301.  Zirkel  (Petrogi^phie,  II,  p.  590)  gives 
a  number  of  references  among  the  older  writers,  but  so  far  as  I  have  been  able  to  refer 
to  them  none  seem  to  have  had  any  idea  of  the  true  nature  of  the  crystals. 

Daubr^,  who  described  the  Yosges  crystal-bearing  sandstone  as  long  ago  as  1852, 
has  quite  recently  (fitudes  Synthdtiques  de  Geologic  Experimentale,  1879,  pp.  226-230), 
in  a  r^um^  of  earlier  observations  by  himself  and  others  (Elie  de  Beaumont,  Hoff- 
man, Gutberlet,  Croisnier)  on  crystallized  sandH,  stated  distinctly  his  beUef  in  their 
pnrely  chemical  origin.  The  Vosges  sandstone,  which  is  mentioned  by  Sorby  {Joe. 
cit.)  as  an  admirable  instance  of  the  formation  of  crystallized  sands  by  the  en- 
largement of  rolled  grains,  Daubr^e  cites  as  a  typical  instance  of  a  sandstone  of  chem- 
ical origin.  While  admitting  the  occurrence  of  instances  where  it  is  difficult  to  see 
any  such  connection,  he  advances  the  view  tbat,  in  the  cases  of  the  Vosges  sand  and 
many  others,  the  deposit  of  crystals  of  quartz  has  been  derived  from  a  solution  of  au 
alkaline  silicate  supplied  to  the  sea  by  the  decomposition,  before  complete  oooling,  of 
masses  of  eruptive  feldspathio  porphyry,  or  of  porphyry  tuffs — a  view  which  receives 
no  iBobstantiatJon  from  our  own  observations. 
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The  latter  observations  were  made  in  the  beginning  of  1883,  but  in 
ignorauceof  Sorby's  results,  announced  some  years  before.  Several  other 
lithologists  had  in  the  mean  time  made  similar  observations.  In  the 
summer  of  1881,  Arnold  Hague  and  Iddings  noted  this  form  of  indura- 
tion in  the  Silurian,  Devonian,  and  Carboniferous  quartzites  of  the 
Eureka  district  of  Nevada,  and  Mr.  Iddings  prepared  some  drawings 
at  the  time  which  will  appear  in  Hague's  monograph  of  that  district.' 
Bonney,  Phillips,  and  others  have  made  similar  observations  in  Eu- 
rope.* The  peculiar  induration  due  to  weathering  had  also  been  pre- 
viously observed  both  in  Europe  and  in  this  country,*  although  it 
does  not  appear  that  the  exact  nature  of  the  induration  was  in  any 
case  understood. 

Since  the  publication,  by  the  senior  author  of  this  bulletin,  in  the 
American  Journal  of  Science,  above  referred  to,  we  have  been  engaged 
in  studying  sandstones,  quartzites,  and  other  rocks  from  various  forma- 
tions, with  a  view  of  determining  how  widespread  this  piode  of  in- 
iluration  is.  Our  attention  has  been  mainly  turned  to  rocks  of  pre- 
Cambrian  age,  but,  whenever  we  have  been  able  to  procure  the  ma- 
terial, we  have  studied  also  rocks  of  more  recent  formations  down  to 
the' Cretaceous.  From  the  list  given  below  it  will  be  seen  that  we  have 
found  this  peculiar  form  of  induration  in  rocks  representing  nearly  all 
of  the  various  Huronian  areas  of  the  Northwest,  as  well  as  in  a  number 
of  quartzites  and  sandstones  of  various  degrees  of  induration  from  the 
later  formations.  We  have  also  noted  a  number  of  interesting  new 
l>oint8  in  this  connection. 

The  most  important  result  of  our  ^udy  is,  of  course,  the  proving 
that  most,  if  not  all,  of  the  ancient  quartzites,  as  well  as  many  of  the 
qaartziferous  schists,  are  composed  in  the  main  of  the  original  frag- 
mental  material,  unaltered  save  by  some  of  the  ordinary  metasomatic 
processes,  but  the  fragments  cemented  together  by  a  very  subordinate 
quantity  of  a  siliceous  cement  of  secondary  origin.  This  siliceous  cement 
forms  the  only  part  of  the  rock  that  has  crystallized  in  situ,  the  more  or 
less  intricate  interlocking  of  its  areas  and  its  common  optical  continuity 
with  the  original  quartz  fragments  giving  rise  to  a  deceptive  appear- 
ance of  complete  original  crystallization. 

The  least  advanced  condition  of  this  process  of  induration  is  to  be 
met  with  in  sandstones  that  are  quite  loose,  as  was  shown  by  Sorby. 
The  rolled  grains  of  quartz  are  each  furnished  with  a  border  of  newly 
deposited  quartz,  optically  continuous  with  the  nucleus,  and  furnished 
with  more  or  less  perfectly  developed  crystalline  faces.  At  times  the 
fragment  is  only  partially  buried  by  the  newly  deposited  border,  this 
being  especially  true  of  the  more  irregularly  outlined  grains,  but  more 

^  Monographs  of  the  Uuitecl  Stafes  Geological  Survey,  not  yet  issued. 
*  Q.  J.  G.  8.,  Vol.  XXXIX,  p.  20. 

•A.  Gotkic,  Text  Book  of  Geolo«;y,  pp.  158, 3:J3.     M.  E.  Watlsworth,  Science,  Vol.  I, 
p.  146. 
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usually  the  grain  is  completely,  though  very  thinly,  covered,  so  that 
we  have  thus  formed  a  quite  perfect  quartz  crystal,  whose  greater  part 
is,  lu  each  case,  mainly  composed  of  the  old  and  worn  grain.  These 
crystal-faced  borders  we  have  observed  running  iu  thickness  from  films 
so  thin  as  to  be  barely  perceptible  with  the  microscope  to  those  0.2 
or  0.3"™.  in  width.  The  presence  of  these  crystal  faces  makes  the  sur- 
face of  the  sandstone  affected  by  this  induration  sparkle  and  glisten 
like  a  frosted  surface.  Such  crystalline  sandstones  have  been  known 
for  a  long  time,  and  they  are  common  in  all  formations  from  the  Arch- 
8Ban  to  the  Tertiary.  Indeed,  since  our  attention  was  first  drawn  to  this 
matter,  it  has  seemed  to  us  as  if  the  presence  of  at  least  some  of  the  crys- 
talline faces  in  quartzose  sandstones  is  rather  the  rule  than  the  excep- 
tion. There  can  be  no  doubt,  we  think,  that  all  owe  their  sparkling  ap- 
pearance to  this  same  process  of  secondary  enlargement  of  the  original 
fragments.  The  crystalline  faces  are  best  developed,  as  already  said, 
in  loose  sandstones,  where  the  induration  has  not  gone  far  enough  to 
produce  much  interference,  but  they  may  coexist  with  a  considerable 
degree  of  induration.  The  crystal-faced  enlargements  of  the  fragments 
in  such  sandstones  may  generally  be  separated  from  the  nucleal  grains 
by  the  presence  of  films  of  iron  oxide  on  the  surfaces  of  the  nuclei,  by 
the  greater  freedom  from  inclusions  of  the  newly  deposited  as  compared 
with  the  nucleal  quartz,  by  the  existence  of  a  roughened  surface  on  the 
inner  grain,  and  by  rows  of  cavities  at  the  junction  of  the  new  quartz 
with  the  corroded  surface  upon  which  it  was  deposited. 

Cases  are  met  with  in  which  it  is  exceedingly  difficult  to  separate  the 
two  quartzes  from  each  other.  Sorby^  mentions  as  such  an  instance  the 
"Gannister'^  of  the  South  Yorkshire  coal  field,  and  in  our  own  ex- 
perience we  have  met  with  two  instances,  those  of  the  Huronian  sand- 
stones of  Spurr  Mountain,  Michigan,  and  Penokee  Gap,  Wisconsin, 
both  of  which  are  alluded  to  in  the  list  given  below.  The  difficulty  in 
all  these  cases  arises  from  the  great  relative  purity  of  the  original 
quartz  particles  and  the  entire  absence  of  an  iron  oxide  coating  to  the 
nuclei,  and,  in  the  last  two  cases  at  least,  from  the  smalluess  of  the 
grains;  but,  in  all,  careful  search  discovers  grains  in  which  the  sep- 
arating lines  may  be  perceived ;  and  no  doubt  remains  that  in  these 
cases  also  the  crystals  are  enlargements  of  rounded  fragments.  These 
observations  are  of  particular  interest,  since  they  render  it  evident  that 
a  completely  indurated  rock,  apparently  made  up  entirely  of  originally 
deposited  quartz,  may  yet  be  only  apparently  so,  the  lines  of  separation 
between  the  new  and  old  material  being  imperceptible. 

In  the  very  loose  sandst^ones  the  nuclei  and  de])osited  quartz  are  best 
distinguished  from  one  another  by  niounting  the  sand  crumbled  from 
the  rock  in  balsam,  while  the  crystalline  faces  are  best  seen  in  a  dry 
mounting  of  this  sand. 

The  whole  process  of  enlargement  in  these  crystal-bearing  sandstones 
is  of  course,  as  Sorby  shows,^  precisely  analogous  to  what  is  known  to 

^  £oc  eit.,  p.  63.  -*  Lwi  cxV,^.  €SL 
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occar  wben  a  crystal  of  a  solable  salt  is  placed  in  an  evaporating  sat- 
urated solution  of  the  same  substance.  We  have  tried  this  exx)eriment 
with  fragments,  from  one-eighth  inch  to  one-half  inch  in  diameter,  of 
alum  (K2AI2  (804)4),  nickel  ammoninm  sulphate  ( (NH4)aNi  (804)1,) 
and  sodium  and  potassium  tartrate  (Na  K  (O4  H4  Oe).)  The  fragments 
in  each  cjse  were  thoroughly  rounded  and  coated  with  iron  oxide.  Be- 
ing then  hung  each  in  its  appropriate  solution,  the  angles  and  faces 
were  soon  rapidly  developed,  after  which  the  crystal  continued  to  grow 
over  the  whole  surface.  8ections  made  from  these  crystals  showed  the 
nuclei  bounded  by  oxide  of  iron  films  and  built  out  by  newly  deposited 
material  with  precisely  the  relations  met  with  in  the  enlarged  grains  of 
crystal-bearing  sandstones. 

As  instances  of  localities  yielding  sandstones  with  crystal-faceted 
grains  may  be  mentioned  the  following :  For  Huronian  sandstones — 
East  Neebish  Island,  St.  Mary's  Eiver,  Canada;  Spurr  Mountain, 
Michip:au  ;  Penokee  Gap,  Ashland  County,  Wisconsin ;  DeviPs  Lake, 
Sauk  County,  Wisconsin ;  Eedstone,  Nicollet  County,  Minnesota.  For 
Potsdam  sandstone: — New  Lisbon,  Juneau  County,  Wisconsin;  the 
great  bluff  known  as  Roche  £crit,  Adams  Connty,  Wisconsin,  and  the 
railroad  cut  on  the  Chicago  and  Northwestern  road  just  south  of  Madi- 
son.® For  St.  Peter's  sandstones — ^Arlington  Prairie,  Columbia  County, 
Wisconsin ;  Lancaster,  Grant  County,  Wisconsin. 

Plate  II  shows  a  number  of  instances  of  crystal-faced  enlargements 
of  quartz  fragments.  Fig.  1  of  this  plate  shows  a  single  grain  of  the 
sandstone  intercalated  in  the  Huronian  quartzite  of  East  Neebish  Island, 
St.  Mary's  River,  enlarged  67  diameters.  The  outlines  of  the  crystal 
faces,  which  are  more  or  less  interrupted  from  lack  of  material,  were 
drawn  in  from  a  dry  mounting  of  the  grain,  after  which  it  was  covered 
with  balsam,  and  the  nucleal  fragment,  with  its  oxide  of  iron  coating, 
drawn.  Fig.  2  shbws  another  grain  from  the  same  sandstone,  enlarged 
G7  diameters,  as  seen  in  a  balsam  mounting.  Fig.  3  represents  a  single 
grain  from  the  Huronian  sandstone  of  Spurr  Mountain,  Michigan,  as 
seen  in  a  balsam  mounting.  The  enlargement  is  100  diameters.  Figs. 
4,  5,  ami  6  show  the  appearance,  in  the  balsam  mounting,  of  single 
grains  from  the  Potsdam  sandstone  of  New  Lisbon,  Wisconsin,  enlarged 
95  diameters.  Figs.  7  and  9  are  similarly  mounted  single  grains  from 
the  Potsdam  sandstone  of  the  quarry  on  the  Torch  Lake  Railroad,  Ke- 
weenaw Point,  Michigan,  enlarged  67  diameters.  Fig.  8  is  a  portion  of 
a  thin  section  of  the  same  sandstone,  also  enlarged  67  diameters,  and 
drawn  as  seen  between  the  crossed  nicols,  with  the  object  of  showing 
how  the  nucleal  fragments  and  enlargements  polarize  together.  The 
black  lines  on  two  of  the  grains  in  this  figure  indicate  the  positions  of 
the  ela.stieity  axes.    The  black  spaces  are  holes  in  the  section. 

"This  is  tlie  layer  lU'sciibed  in  the  Wisconsin  reports  under  the  nnmo  of  1  lie  Madison 
saudstuue.  The  occurrence  of  crystal-faceted  grains  in  tbe  more  siliceous  and  loosei: 
portions  of  this  layer  appears  io  be  an  all  bnt  nni  versal  phenomenon  in  Soathem  Cen- 
tral WiscoD9io» 

(190) 


16     SECONDARY   ENLARGEMENTS   OF   MINERAL   FRAGMENTS,     [bull.  8. 

A  more  advanced  condition  of  induration  is  met  with  in  certain  sand- 
stones, wbicb,  while  still  showing  to  some  extent  the  crystalline  facets, 
have  the  secondarily  deposited  quartz  areas  more  generally  interfering 
with  one  another.  This  may  be  seen  in  much  of  the  Huronian  quartz- 
ite  at  Neebish,  Saint  Mary's  Eiver ;  Bedstone^  Minn. ;  and  DeviPs  Lake, 
Wis. — at  all  of  which  localities  may  be  seen  rapid  transitions  from  the 
loosest  sandstoue  to  the  most  compact  and  vitreous  quartzite,  as  also 
in  much  of  the  Potsdam  sandstone  of  the  interior  of  Wisconsin,  for 
instance  the  rock  quarried  at  Grand .  Eapids,  Black  Eiver  Falls  and 
Packwaukee.  Pig.  1  of  Plate  III  is  drawn  from  a  section  of  the  vitri- 
fied crust  of  the  St.  Petei*'s  sandstone  of  Arlington,  Columbia  County, 
Wisconsin.  This  crust,  which  is  decribed  somewhat  fully  on  a  sub- 
sequent page,  is  immediately  below  the  surface  without  crystalline 
facets,  the  enlargements  having  interfered  too  thoroughly.  But  at  a 
depth  of  one-fourth  to  one-half  an  inch  the  crystal  facets  begin  to  grow 
plentiful,  until  the  loose  sandstone  is  reached  at  the  depth  of  about  an 
inch  or  two,  when  every  grain  is  furnished  with  the  facets.  The  figure 
referred  to  shows  one  of  the  intermediate  phases  where  there  has  been 
some  interference,  but  crystal  facets  have  been  enabled  to  form  in  a 
number  of  places.  The  outlines  of  the  nucleal  grains  are  distinctly  but 
not  strongly  marked.    The  brown  filling  material  is  oxide  of  iron. 

A  still  more  advanced  stage  of  induration,  but  ^'^et  one  which  is  still 
short  of  complete  vitrification,  is  met  with  in  those  quartzites,  which, 
while  retaining  something  of  a  granular  or  arenaceous  appearance,  are 
yet  without  any  of  the  crystalline  facets,  the  interference  of  the  second- 
ary quartz  areas  having  been  general.  An  excellent  instance  of  this  is 
the  sandstone  from  Gibraltar  Bluff,  Columbia  County,  Wisconsin.  Much 
of  a  similar  material  occurs  in  the  Huronian  quartzites  of  the  north 
shore  of  Lake  Huron,  of  Marquette,  Mich.,  and  of  Southwestern  Minne- 
sota. The  Gibraltar  Bluff  rock  is  shown  at  Fig.  1  of  Plate  V,  which 
represents  part  of  a  thin  section,  as  seen  in  the  polarized  light,  enlarged 
35  diameters.  A  more  arenaceous  quartzite,  but  still  one  without  crys- 
tal faces,  is  shown  at  Fig.  2,  Plate  III,  which  represents  a  thin  section  of 
the  sandy  Aifimikie  quartzite  of  Portage  Bay  Island,  Minnesota.  The 
enlargement  is  45  diameters,  and  the  section  is  represented  as  seen  in  the 
polarized  light.  It  will  be  noted  that  the  enlargements  of  the  grains 
are  at  times  unusually  broad. 

In  the  most  completely  vitreous  quartzites  the  arenaceous  or  granu- 
lar api)earance  is  entirely  lost,  the  particles  being  fused  into  an  appar- 
ently homogeneous  mass,  which  appears  both  to  the  naked  eye  and  under 
the  microscope  to  be  wholly  composed  of  originally  deposited,  intricately 
interlocking  areas  of  quartz.  But  closer  study  of  the  sections  of  sucb 
quartzites  shows  that,  like  those  previously  described,  they  are  made  up 
partly  of  fragmental  material  and  partly  of  a  secondarily  deposited 
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qnartz,  the  iDterlocklDg  areas  of  the  latter  being  in  large  measure 
optically  continuous  with  the  original  fragments,  but  also  at  times  in 
part  independent  of  them.  The  degree  of  intricacy  of  the  interlocking 
of  the  areas  of  the  secondary  quartz  will  be  found  to  vary  greatly  in 
different  quartzites.  At  times  these  areas  will  meet  eafeh  other  along 
quite  straight  or  only  slightly  cuived  lines,  and  again  they  will  dove- 
tail into  each  other  in  the  most  intricate  manner.  As  a  type  of  the 
most  comi)letely  vitrified  quartzites,  may  be  mentioned  the  ^'gannister" 
of  Marquette,  Mich.,  No.  22  of  the  list  below.  A  thin  section  of  this 
rock,  as  seen  in  the  polarized  light,  and  enlarged.  31  diameters,  is  repre- 
sented in  the  upper  half  of  Fig.  1,  Plate  VI.  It  will  be  seen  that  the  en- 
largements lire  often  unusually  broad  and  dovetail  with  each  other  some- 
what intricately.  Other  vitreous  quartzites  are  shown  at  Fig.  2,  Plate 
V ;  Figs.  1  and  2  of  Plate  IV,  and  the  ui»per  half  of  Fig.  2  of  Plate  VI. 
The  last  three  of  these  figures  represent  the  red  Animikie  quartzite 
of  Prarie  River  Falls,  Minnesota.  The  rock  of  this  place  is  described 
as  being  much  of  it  sandy,  but  the  specimen  furnished  us  by  the  kind- 
ness of  Prof.  N.  H.  Winchell  shows  a  quartzite  in  which  but  little  of  an 
arenaceous  texture  remains.  Two  of  the  figures  are  drawn  from  the  sec- 
tion as  seen  in  the  polarized  light,  in  order  that  the  extent  of  the  enlarge- 
ments may  be  seen.  It  will  be  observed  that  in  places  they  dove-tail 
quite  intricately  and  the  outlines  of  the  very  round  nucleal  fragments 
are  rendered  beautifully  distinct  by  the  fringes  of  oxide  of  iron. 

The  proportion  of  the  infiltrated  quartz  which  has  crystallized  inde- 
pendently of  the  original  fragments  varies  very  greatly  in  different 
cases.  At  times  most  of  it,  or  even  all,  seems  to  occur  in  this  form,  the 
interstices  between  the  much-rounded  fragments  being  entirely  filled 
with  a  secondary  qnartz  in  minute  intricately  interlocking  areas,  wholly 
independent  of  the  original  grains.  As  instances  of  rocks  in  which  the 
independent  deposition  of  quartz  is  the  chief  or  only  indurating  mate- 
rial, may  be  mentioned  the  foot- wall  rock  of  the  Champion  Mine,  Mich- 
igan, much  of  the  quartzite  of  the  great  range  immediately  east  of 
Marquette,  Mich.,  and  the  red  quartzite  of  McClennan's  Landing  on 
the  north  shore  of  Lake  Huron.  From  these  extreme  cases  there  are 
all  phases  down  to  the  cases  where  all  of  the  secondary  quartz  occurs 
as  enlargements  of  the  original  fragments. 

Thin  sections  of  quartzites  in  which  the  fine  interstitial  qnartz  is 
present  are  not  easily  represented  by  figures.  At  the  lower  half  of 
Fig.  1,  Plate  VI,  an  attempt  is  made  to  represent  the  Huronian  quartz- 
schist  from  near  Marquette.  The  section  is  drawn  as  seen  in  the  po- 
larized light  and  is  enlarged  36  diameters. 

In  some  cases  where  the  enlargements  of  the  original  grains  and  the 
independently'  oriented  quartz  occur  together,  the  enlargements  present 
the  appearance  of  failing  out  gradually  into  the  finely  interlocking  in- 
terstitial material.  This  npi)earan(!e  arises  from  the  fact  that  as  the 
original  fragment  is  receded  fioni,  less  and  less  of  the  interstitial  quartz 
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the  Penokee  HurouianJ*  This  member  of  tlie  Penokce  series  is  pLiinly 
the  equivalent  of  the  upper  mica-scliist  member  of  the  Marquette 
Huronian.^^  The  latter  mica-schist  is  tiuely  displayed  nmong  theislauds 
at  the  outlet  of  Michigamme  Lake,  where  it  is  ofteu  plainly  of  an  arena- 
ceous appearance,  but  so  far  our  sections  have  failed  to  prove  the 
existence  of  secondary  enlargements  of  quartz  fragments  in  them, 
although  what  appears  distinctly  to  be  fragmental  quartz  is  seen  in 
these  sections.  The  larger  part,  however,  of  the  quartz  present  is 
fine  and  clear,  so  that  it  is  diificult  to  determine  whether  it  is  wholly 
an  originally  deposited  quartz  or  is  a  finely  fragmental  material,  the 
particles  of  which  are  now  so  enlarged  as  to  interlock. 

A  general  fragmental  appearance  is  not  uncommon  in  the  mica-schist 
sections  that  we  have  examined,  while  the  presence,  in  some  kinds  at 
least,  of  very  strongly  marked  and  unmistakable  sedimentary  deposition 
bandings  traversing  the  schistose  or  slaty  cleavage  directions  is  sufficient 
proof  that  in  such  cases  the  material  is  mainly  of  fragmental  origin.  But 
so  far  as  our  investigations  have  progressed  we  have  only  in  a  few  cases 
been  able  to  prove  the  enlargement  of  quartz  fragments  by  secondary 
deposition.  It  seems  probable,  however,  that  in  many  cases  where 
their  existence  cannot  b^^  proved  the  enlargements  exist.  In  such 
cases  we  may  suppose  that  they  cannot  be  seen  simply  because  of  the 
absence  of  a  bordering  material  or  of  roughened  surfaces  to  the  original 
fragments.  None  of  the  mica- schists  above  referred  to  are  like  those 
which  approach  the  gneisses  in  character.  The  latter  have  often  as  a 
characteristic  feature  large  flattened  areas  of  quartz  lying  in  the  planes 
of  foliation.  We  have  not  as  yet  examined  any  such  rocks  in  this  con- 
nection. 

Below  we  give  a  list  of  the  various  localities  of  rocks  in  which  we 
have  discovered  the  secondary  enlargements  of  quartz  fragments.  The 
induration  of  the  rocks  of  these  places  is  in  most  cases  mainly  due  to 
the  presence  of  these  secondary  enlargements,  the  remainder  of  the 
material  being  fragmental,  but  cases  are  included  where,  as  explained 
above,  the  indurating  silica  has  been  separated  out  in  part  independ- 
ently. The  list  does  not  represent  nearly  all  of  the  sections  in  which 
this  indurating  quartz  has  been  found.  Often  a  number  of  sections  from 
the  rocks  from  one  general  neighborhood  have  been  examined,  but  the 
locality  is  only  referred  to  once.  We  have  classified  the  localities  (1) 
according  to  the  general  position  of  the  rocks  in  the  geological  series; 
(2)  according  to  geographical  distribution;  and  (3)  according  to  the 
lithological  characters.    Brief  descriptive  notes  are  added  in  each  case. 

"  Geology  of  Wisconsin,  pp.  145-149. 

"Geological  Survey  of  Michigan,  Vol.  I,  p.  113.   Geology  of  Wisconsin,  Vol.111,  p.  165. 
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List  op  Localities. 
huronian  bocks. 

IN  THE  TYPICAL  HVRONIAN  REeiOFT  OF  LAKE  HURON. 

A. —  Vitreous  Quartzites, 

1.  Island  two  miles  east  of  Tbessalon  Point,  north  shore  of  Lake  Huron. 

(Logan's  "3  a,"  "  Grey  Quartzite."") 

A  feldspatbic  quartzite,  hnldiug  many  granite  pebbles  aod  boulders.  Rounded  to 
angalar  fragments  of  qnartz,  ortboclase,  and  oligoclase,  with  a  fine  interstitial  ma- 
terial, partly  of  the  same  nature  and  partly  kaolinitic,  make  up  most  of  the  rock, 
bat  the  induration  is  plainly  duo  to  secoudary  eulargemcnts  of  the  quartz  fragments, 
tlie  enlargements  being  narrow,  and  not  interlocking  intricately.  In  places  the  an- 
galarity  and  abundance  of  the  feldspar  fragments,  the  occurrence  of  granite  frag- 
ments, including  both  feldspars  and  quartz,  and  the  presence  of  the  secondary  en- 
larging silica,  produce  a  rock  which  is  macroscopieally  and  microscopically  similar 
in  appearance  to  granite  or  gneiss.     (Slides  1071  to  1079  inclusive.) 

2.  Islands  3J  miles  northwest  of  Thessalon  Point,  north  shore  Lake 

Huron.     (Logan's  "  3  c,'' ''  White  Quartzite.") 

A  feldspatbic  qnartzite.  Quite  intricately  interlocking  quaitz  areas  make  up  the 
larger  part  of  the  rock,  but  the  iuterlocking  is  plainly  due  to  the  enlargement  of 
ronnded  fragments,  whose  outlines  are  hero  and  there  plainly  to  bo  seen.  There  is 
also  much  of  a  line  interstitial  iudepcudoutly  deposited  silica,  which  here  and  there 
approaohes  very  close  to,  if  it  does  not  reach,  the  amorphous  form.  (Slides  1183, 
1184.) 

3.  Mainland,  four  miles  northwest  of  Thessalon  Point,  north  shore  Lake 

Huron.     (Logan's  *'  3  c,''  "  White  Quartzite.") 

A  vitreous,  white  to  brown  quartzite  conglomerate,  in  which  the  pebbles,  1  to  2 
inches  in  diameter,  arc  of  white  quartz  and  black  cbort,  with  rarer  ones  of  red  jas- 
pi  r.  The  matrix  is  composwl  of  iho  sanjc  materials,  along  with  fragments  of  feld- 
8X>ars.  The  induration  has  been  chiefly  by  enlargement  of  the  quartz  fragments, 
among  which  are  some  originally  complex.  These  have  taken  complex  enlargements. 
The  bounding  lines  of  the  original  <iuartz  fragments  are  only  now  and  then  percepti- 
ble. The  larger  pebbles  of  quartz  do  "not  seem  to  have  taken  any  enlargements. 
There  is  also  some  fine  independently  deposited  interstitial  silica  and  a  good  deal  of 
interstitial  clayey  material  and  ilakes  of  chlorite,  Ihe  latter  probably  a  result  of  meta- 
soroatic  change  of  the  feldspai-s.     (Slides  1165  to  1188  inclusive.) 

4.  Islands  off  east  side  Bruce  Mine  Bay,  Lake  Huron.    (Logan's  "  3  c,'' 

"  Whit«  Quartzite.'') 

A  light-colored  feldspatbic  quartzite,  much  like  the  last  described,  but  with  these 
differences:  the  quartz  areas  interlock  much  more  intricately  ;  the  division  lines  be- 
tween the  original  grains  and  enlargements  are  still  more  rarely  vieible,  being  plain 
in  only  two  or  three  out  of  some  twenty  sections  ;  the  feldspars  are  much  more  abun- 
dant, and  include  microclinc  and  x^bigioclaso,  as  well  as  orthoclase.  This  rock  has 
plainly  received  a  larger  quantity  of  Hiliceous  cement  than  the  last  described.  The 
abundance  of  feldspars,  the  presence  of  plagioclases,  the  intricate  enlargements  pro- 
duced by  Fccoodary  quartz,  and  the  presence  of  much  chlorite  as  a  result  of  the  al- 
teration of  the  feldspars,  all  combine  to  ])roduce  a  strong  resemblance  to  some  gran- 

(i<>)  See  Atlas  to  G«ology  of  Canada,  1863,  Plate  III,  for  Logan's  subdiviaioDB  of 
tile  original  Hnronian. 
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itic  rocks.  Tlio  specimens  are  mostly  taken  from  tbc  neighborhood  of  some  of  tho 
numerous  dikes  with  which  tho  rock  is  riddled,  ivhich  may  possibl^^  have  something' 
to  do  with  the  large  amount  of  biliceous  cement  and  the  consequent  granitic  appear, 
ance  presented  by  this  rock.  (Slides  1191,  11^2,  1194,  1196,  1197,  1201  to  1205  incln- 
eive.) 

5.  North  side  of  Campement  d'Oiirs  Tsland,  Lake  Huron.    (Logan's 

"  3  f,"  "  Upper  Slate  Conglomerate.") 

A  red  fcldspathic  quartzite,  tho  feldspars  including  both  oithoclase  and  plagio- 
clase,  the  two  together  making  up  fully  one-half  of  the  rock.  The  quartz  fragments 
are  much  enlarged,  the  enlargements  interlocking  with  each  othorand  with  the  feld- 
spars somewhat  intricately.  There  are  present  interstit tally  kaolin,  chlorite,  and 
oxide  of  iron,  but  only  a  very  little  fine  secondary  quartz.     (Slide  1224.) 

6.  South  side  Campement  d'Ours  Island,  Lake  Huron.     (Logan's  "3f," 

"  Upper  Slate  Conglomerate.") 

A  feldspathic  quartzite,  the  feldspars  including  both  orthocla«e  and  oligoclase,  but 
not  nearly  so  plenty  as  in  the  rock  last  described.  The  quartz  fragments  are  very 
much  enlarged,  so  a«  to  interlock  intricately.  The  lines  of  division  between  the  en- 
largements and  the  original  fragments  are  only  rarely  satisfactorily  seen,  some  sec- 
tions being  quite  without  them.  That  the  interlocking  quartz  areas  of  thisro^k  are 
due  to  enlargement  of  quartz  fragments  would  never  be  suspected  but  for  their  pre- 
vious discovery  in  other  similar  rocks  and  in  other  parts  of  this  same  layer.  Only  a 
very  small  quantity  of  the  interstitial  quartz  in  this  rock  appears  to  have  crystal- 
lized independently  of  tho  original  fragments.     (Slide  1226.) 

A  number  of  rocks  on  the  west  and  south  sides  of  Campement  d'Ours,  belonging 
with  the  same  member  of  the  series  as  the  above,  were  examined,  and  all  showed  es- 
sentially the  features  above  noted. 

7.  Korth  shore  of  Lake  Huron,  two  miles  east  of  McClennan's  Landing. 

(Logan's  "  3  f,"  "  Upper  Slate  Conglomerate.") 

A  purple,  vitreous,  non-feldspathic  quartzite,  composed  chiefly  of  rounded  quartz 
grains,  which  have  rarely,  if  ever,  received  any  enlargement,  and  consequently  do 
not  interlock.  Interstitially  finely-divided  secondary  silica  has  been  deposited,  in 
part  in  an  amorphous  form.  There  is  also  a  good  dc.nl  of  kaolinic  material  in  the  in- 
terstices. The  presence  of  this  material  and  also  of  a  small  quantity  of  iron  oxide 
and  the  absence  of  enlargements  give  the  sections  of  this  rock  just  the  appearance 
of  those  of  an  ordinary  sandstone.  Nevertheless  it  is  much  indurated,  and  the  indu- 
ration is  plainly  due  to  the  independent  secondary  deposition  of  interstitial  silica. 
(Slide  1233.) 

8.  McClewnan's  Landing,  north  shore  of  Lake  Huron.    (Logan's  ^'S  g," 

"  Red  Quartzite.") 

A  light-red,  non-feldspathic  quartzite.  This  rock  is  a  good  deal  like  tho  last  de- 
scribed, the  induration  being  mainly  due  to  the  independently  oriented  interstitial 
silica,  but  the  quartz  fragments  are,  .for  tho  most  part,  somewhat  enlarged.  (Slide 
1238.) 

9.  Two  miles  west  of  McClennan's  Landing,  north  shore  of  Lake  Huron. 

(Logan's  '*3  k,"  "Red  Jasper  Conglomerate.") 

A  white  quartzite,  made  up  chiefly  of  quite  large  quartz  grains,  all  of  which  are 
more  or  less  enlarged,  though  the  bounding  lines  of  the  original  fragments  are  only 
here  and  there  x'erceptible.  There  is,  however,  not  much  interlocking  of  the  qaartz 
enlargements,  there  being  a  good  deal  of  interstitial  material  in  tho  shape  of  kaolini 
mntooYite  scaleSi  and  finely-divided  quartz.    (Slide  1239.) 
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10.  Kear  the  mouth  of  Echo  River,  Cimada  side  of  Lake  George,  Saint 

Mary's  River.     (Logan's  "3  h,"  "Red  Ja8i>er  Conglomerate") 

A  conglomeratic  quartzito  composed  cbiclly  of  clear  qnaitz  pebbles,  one-fourtb  to 
ooe-half  incb  io  IcDgtb,  witb  rarer  oues  ^f  red  jasper.  Tbese  are  imbedded  in  a  fine, 
mach-imlurated  matrix,  apparently  composed  of  the  same  materials.  Under  the 
microscope  the  matrix  is  seen  to  be  composed  of  finely-divided,  perhaps  sometimes 
amorphous  silica,  'vv'ith  kaolinic  material  and  oxide  of  iron.  The  qnartz  fragments 
are  enlarged,  bat  never  so  much  us  to  interlock  with  one  another,  and  the  oatlines 
of  the  original  grains  ave  often  imperceptible.  Some  of  the  large  quartz  areas  appear 
to  fade  away  into  the  fine  matrix  in  the  manner  described  on  a  previous  page.  This 
appearance  is  plainly  due  to  the  fact  that,  as  the  enlargement  of  the  grain  progressed, 
it  became  more  and  more  difficult  to  thrust  aside  the  clayey  matrix,  more  and  more 
of  which  was  consequently  included  within  the  enlargements,  moie  and  more  of  the 
secondary  silica  at  the  same  time  departing  from  its  allegiance  to  the  original  grain 
and  depositing  independently.     (Slide  1242.) 

11.  Korth  shore  of  St.  Joseph's  Island,  Lake  Huron.    (Logan's  "Si," 
"  White  Quartzite.") 

A  gray,  non-feldspathic  quartzite.  The  induration  is  principally  due  to  the  en- 
largements of  the  original  grains,  which  sometimes  interlock  closely,  but  in  places 
there  is  a  good  deal  of  a  fragmental  matiix  of  kaolinic  material,  including  mus- 
covite  scales,  in  which  cases  the  grains  sometimes  appear  to  fade  away  into  the  matrix, 
as  described  in  the  preceding.  The  outlines  of  the  original  grains  are  often  quite  dis- 
tinctly seen.     (Slide  1228.) 

12.  East  JS^eebish  Island,  St.  Mary's  River.     (Logan's  "  3  i,"  "  White 
Quartzite.") 

A  light  gray  to  white  quartzite.  At  times  completely  vitrified  and  without  any 
trace  of  a  fragmental  appearance,  but  in  other  places  a  loose  sandstone,  with  crystal 
faceted  grains,  there  being  every  possible  phase  between  those  two  extremes.  In 
the  thin  section,  the  most  cotupletely  vitreous  kinds  are  found  to  be  made  up  wholly 
of  enlarged  quartz  fragments,  there  being  none  of  the  independently  deposited  in- 
terstitial silica  or  of  any  other  interstitial  material.  The  quartz  areas  interlock  in- 
tricately, the  outlines  of  the  original  fragments  being  everywhere  strongly  marked. 
In  sections  of  the  less  completely  vitreous  kinds,  a  fine  interstitial  silica  is  to  be  seen 
in  greater  or  less  quant  ity.  Some  of  the  quartz  fragments  present  the  appearance 
of  graduation  into  the  matrix,  duo  to  the  gradual  change  in  the  depositin;;  silica  from 
dependence  upon  the  original  fragments  to  independence  of  them.  Fig.  2,  Plate  V, 
is  drawn  from  the  East  Neebish  quartzite.  The  arenaceous  varieties  of  the  East  Nee- 
bish  rock  are  noted  below  in  another  connection.     (Slides  lOlU  to  1024,  inclusive.) 

13.  Rocky  islets  in  Saint  Mary's  River,  northwest  of  Saint  Joseph's 

Island,  Lake  Huron.    (Logan's  **  3  i,"  "  White  Quartzite.") 

These  islands  show  a  gray  quartzite  similar  to  that  of  Neebish  Island.  (Slides  1025^ 
1026.) 

14.  McDonald  Township,  six  miles  east  of  Saint  Mary's  River,  Canada. 

(Logan's  "  3  i,"  "  White  Quartzite.") 

A  white,  completely  vitreous  quartzite,  entirely  similar  to  the  most  vitreous  phase 
of  the  Neebish  quartzite.  The  outlines  of  the  original  fragments  are  overywbere 
yery  plain  in  this  section.    (Slide  1240.) 
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15.  From  near  the  mouth  of  Ecbo  River,  Canada  side  of  Lake  George, 

Saint  Mary's  River.    (Logan's  "  3  i,"  "  White  Quartzite.") 

A  completely  vitreous  qunrtzite,  similar  to  that  of  Neebisli  Islaod,  except  in  having 
a  very  small  quantity  of  intrestitial  kaolinic  material.    (Slides  1245,  1246.) 

B. — Schistose  quartzites. 

16.  iRlands  two  miles  southeast  of  Keebish  Rapids,  Saint  Mary's  River. 

(Logan's  "  3  i,"  *'  White  Qnnrtzite.") 

Ligbt-gray,  argillaceous,  schistose  quartzites,  difieriug  from  the  non-schistose  quartz- 
ites above  described  in  containing  a  very  large  amount  of  a  clayey  mutriic,  and  in 
the  schistose  strnetnrc.  The  rather  unusually  large  quartz  fragments  are  wholly 
separated  from  one  another  by  the  matrix,  and,  as  is  generally  the  case  when  there 
is  much  of  a  claj'cy  matrix,  the  enlargements  are  but  slight.  Some  of  tho  quartz 
fragments  are  complex,  and  appear  to  have  received  complex  enlargements.  (Slide 
1031.) 

C. — Sandstones. 

17.  East  Neebish  Island,  Saint  Mary's  River.    (Logan's  "  3  i,"  "  White 

Quartzite.") 

Intercalated  in  and  grading  into  the  vitreous  quartzite  above  described  (No.  12)  is 
a  reddish,  very  coarse-grained,  feebly  indurated  sandstone,  each  one  of  the  grains 
being  furnished  with  crystal  faces  from  secondary  enlargement.  The  crystal  faces 
are  in  this  case  very  much  larger  than  in  any  other  case  that  we  have  yet  noted. 
Some  of  the  grains,  each  a  single  quartz  individual,  reach  as  much  as  one-fourth  inch 
in  diameter,  and  have  crystal  faces  of  correspondingly  large  size,  while  half  tho  mass 
of  the  rock  is  composed,  of  grains  which  exceed  one-sixteenth  inch  in  diameter.  Oc- 
casionally some  of  these  grains  are  complex,  but  most  of  them  are  single  individuals. 
The  oxide  of  iron  cement  is  very  abundant,  and  the  secondary  enlargements  of  tho 
grains  have  always  between  them  and  the  original  surfaces  a  heavy  border  of  tho 
iron  oxide.  Fig.  2,  Plate  II,  represents  one  of  these  grains  broken  by  hand  from  the 
rock,  as  seen  in  a  balsam  mounting  enlarged  67  diameters.  The  crystal  facet-s  bound- 
ing the  grain  are  not  seen  on  this  mounting,  but  only  thorough,  iron -stained  surface  of 
the  original  grain  and  the  out'lines  of  the  pellucid  enlargement.  Fig.  1  of  tbe  same 
plate  shows  tho  positions  of  the  crystal  faces  upon  another  grain,  the  positions  of  the 
faces  having  first  been  drawn  in  with  the  camera  from  a  dry  mounting,  after  which, 
without  altering  its  position,  the  fragment  was  covered  with  balsam,  and  tho  kernel 
drawn  in  its  position  within  the  crystal.  The  very  slight  coherence  of  this  rock  as 
compared  with  the  completely  vitreous  quartzite  into  which  it  grades  within  a  few 
inches,  is  plainly  to  be  attributed  to  the  relatively  coarse  character  of  this  rock,  and 
to  the  supply  of  indurating  quartz  not  having  here  been  sufficient  to  fill  out  the  large- 
sized  interstices,  and  its  having  consequently  developed  crystalline  faces.    (Slide  1391.) 

D. — Oraywackes. 

18.  Palladreau  Islands,  north  shore  Lake  Huron.    (Logan's  '*3  d," 

"Lower  Slate  Conglomerate.") 

A  very  dark  greenish-gray,  nearly  black,  fine-grained,  compact  rock,  having  an 
aphanitic  matrix,  in  which  are  scattered  minute  particles  of  quartz  and  feldspar. 
Except  for  very  sparsely  scattered  granite  and  porphyry  pebbles,  the  appearance  is 
more  that  of  a  very  fine-graiued  porphyritic  green-stone  than  that  of  a  elastic  rock. 
The  clastic  naturo  is,  however,  very  evident  in  the  thin  section,  which  shows  a 
ground-mass  composed  very  largely  of  kaolin  and  chlorite,  mingled  with  fine  parti- 
cles of  feldspar  and  quartz,  with  more  or  less  brown  oxide  of  iion  and  magnetite* 
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Tbe  kaolin  aiul  chlorite  are  evidently  the  results  of  the  alteration  of  the  fcldspathic 
]iortioD  of  the  matrix.  Thickly  scattered  through  this  matrix  are  larger  fragments 
of  quartz  and  feldspar,  between  which  and  the  particles  of  the  matrix  there  is  every 
gradation  in  «ize.  The  feldspars  includ.)  both  plagioclase  and  orthoclase.  The 
rounded  quartz  fragments  hero  and  there  show  narrow  enlargements,  and  also  the 
gradual  fading  away  into  the  matrix  which  is  characteristic  of  rocks  v.  here  there  is 
much  of  a  finely  fragmenfal  matrix.  It  is  possible  that  some  of  the  induration  has 
btren  produced  by  the  independent  secondary  deposition  of  fine  silica,  but  it  seems 
to  be  largely  due  in  this  case  to  the  chloritic  alteration  of  the  matrix.     (Slide  1032.) 

19.  From  the  raainlaDcl,  four  to  five  miles  cast  of  CampemeDt  d'Oars  Is- 

land Lake  Iluroii.    ( Logan's  "  3  f,'' "  Upper  Slate  Conglomerate.") 

The  specimens  collected  from  the  '*  Upper  Slate  Conglomerate,"  as  exposed  along  the 
north  shore  of  Lake  Huron,  between  tbe  French  Islands  and  Campement  d'Ours,  are 
chiefly  of  rocks  nearly  allied  to  the  last  described,  though  including  also  some  true 
vitreous  quartzites,  some  of  which  have  been  above  alluded  to,  and  between  which 
and  the  predominating  graywackes  there  is  a  complete  gradation.  A  part  of  the 
rock  is  very  highly  conglomeratic,  with  pebbles  of  granite,  felsitic  porphyry,  and 
jasper,  but  in  other  portions  the  pebbles  are  wanting,  or  are  very  sparse  and  small. 
These  present  a  great  variation  in  coarseness,  tbe  finest  kinds  being  contorted  clay- 
slates,  but  they  are  all  composed  of  essentially  the  same  materials  as  noted  in  the 
slate  conglomerate  from  the  Palladreau  Islands  above  described,  like  which  they  are 
all  dark  colored  from  the  presence  of  much  chlorite.  Enlargements  of  the  quartz 
fragments  are  generally  to  be  made  out,  and,  at  least  in  those  kinds  which  are  more 
distiLctly  quartzitic,  much  of  the  induration  is  due  to  the  e  enlargements.  Induration 
seems  also  to  have  been  produced  by  the  deposition  of  a  fine  interstitial  quartz,  and 
a  chalcedonic  or  amorphous  silica.  The  feldspar  grains,  including  both  orthoclase 
and  plagioclase,  also  often  present  an  appearance  which  suggests  that  they  too  have 
been  enlarged  by  second  growths.  Sharp  lines  of  division  between  the  supposed 
enlargements  and  the  original  nuclei,  as  seen  so  ol'ten  in  the  case  of  enlarged  quartz 
fragments,  we  did  not  satisfactorily  make  out ;  but  in  many  instances  the  outer  por- 
tion of  the  grain  is  relatively  undeconiposed  and  free  from  inclusions,  as  compared 
with  the  nuclei.  This  appearance,  taken  together  with  the  fact  that  secondary  en- 
largements of  feldspar  fragments  have  been  proved  to  occur  in  certain  Keweenawan 
Bandi>tones,  lead  us  to  believe  that  we  have  them  here  also.'^  All  of  these  rocks 
carry  a  very  large  amount  of  a  green  chloritic  mineral,  which  has  plainly  been  pro- 
duced from  the  feldspars  by  a  metasomatic  process. 

These  graywackes  are  all  typically  ** recom posed  "  rocks,  and  while  plainly  frag- 
mental,  are  no  more  so  than  many  kinds  that  are  classed  as  crystalline  schists.  The 
enlargement  of  the  quartz  and  feldspar  grains,  the  i>roductiou  of  abundant  chlorite, 
the  presence  of  much  feldspar,  and  the  seoouflary  deposition  of  an  interstitial  silica 
certainly  would  have  to  bo  carried  but  little  further  to  give  us  a  rock  in  which  it 
woald  be  exceedingly  difficult  to  detect  the  presence  of  the  detrital  material.  (Slides 
1215  to  1218.) 

IN  THE  IRON-BEARING  SERIES  OF  MARQUETTE,  MICH. 

A. —  Vitreous  quartzites, 

20.  Quartzite  range,  south  of  ^larqnette,  near  shore  of  Lake  Superior, 

(N.W.  J,  Sec.  G,  T.  47, 11. 24  W.,  Michigan).    (Brooks's  "Formation 
V,^  "Lower  Quartzite.'') 

A  bright-red  vitreous  (piartzitc,  coui]M)sed  almost  wholly  of  iuterlockiug  areas  of 
quartz,  which  are  all  takeu  to  have  been  produced  by  the  enlargement  of  fragmental 

>^  See  Port  II  of  this  bulletin ;  also  American  Journal  Science,  May,  1884,  p.  399. 
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naclei,  since  iu  a  numlxr  of  tlnjii  tbo  outlines  of  those  nnclei  arc  plainly  recogniz- 
able. The  red  color  of  the  rock  is  clue  to  the  presence  of  a  small  quantity  of  red  ox- 
ide of  iron. "  (Slide  1009.) 

21.  Shore  of  Lake  Superior,  two  and  a  half  miles  southeast  of  Marquette, 

(SE. i,Sec.  30,  T.  48,  K.  25  W.,  Michigan).    (Brooks's  "Formation 
V,"  "  Lower  Quartzite."  ^^) 

This  is  the  locality  of  the  uucouforuiable  contact  of  the  Lake  Snpeiior  sandstone 
and  Uuronian  quartzite,  made  classical  by  Foster  and  Whitney.  A  white,  strongly 
vitreous  quartzite.  The  induration  appears  to  bo  almost  wholly  dne  to  the  intersti- 
tial deposition  of  fine  quartz,  the  original  outlines  of  the  quartz  fragments  coinciding 
for  the  most  part  with  the  outlines  as  now  seen  of  the  individnal  areas.  There  is  a 
little  kaolinic  intervStitial  material.    (Slide  1013.) 

22.  Gannister  quarries,  north  and  south  sides  of  Carp  Eiver,  near  Mar- 

quette (Sees.  35  and  36,  T.  48,  E.  25  W.,  Michigan.)    (Brooks's 
"  Formation  V,"  '*  Lower  Quartzite.") 

Light-gray,  highly  translucent,  completely  vitrified  quartzites.  These  rocks  are 
composed  almost  wholly  of  quai  tz,  there  being  a  very  minute  quantify  in  some  of  the  in- 
terstices of  kaolinic  material.  Although  coming  from  the  same  vicinity  and  layer  as 
the  rock  last  described,  and  not  dittering  very  much  from  it  microscopically,  we  have 
in  these  rocks  a  case  where  the  induration  and  vitrification  are  wholly  due  to  second- 
ary enlargement  of  the  original  fragments.  The  outlines  of  the  nucleal  grains  are 
usually  very  distinct,  and  the  enlargements  interlock  quite  intricately,  so  that,  as  seen 
in  the  polarized  light,  this  rock  Fcenm  to  be  completely  made  up  of  originally  depos- 
ited areas  of  quartz.  In  some  portions  the  layers  of  the  gannister  quarries  are  quite 
thin-bedded.  In  sections  from  some  of  these  thin-bedded  iiortions  in  the  quarries  on 
the  north  side  of  Carp  River  the  quartz  areas  are  all  elongated  in  a  common  direction, 
the  lengths  of  the  areas  being  usually  great  in  proportion  to  their  widths.  These 
elongated  grnins  of  quartz  interlock  and  overlap  one  another  just  as  do  the  quartzes 
of  many  mica  schists  and  gneisses.  This  arrangement  in  the  present  case  is  perhaps 
partly  due  to  the  pressing  into  this  position  of  originally  oblong  areas,  but  it  seems 
also  to  be  duo  in  part  to  the  elongation  of  the  quartzes  by  secondary  enlargements. 
Fig.  1,  Plate  VI, represents  a  tbin  section  of  the  non-schistose  portion  of  this  rock. 
(Slides  1012,  1479.) 

23.  Northwest  corner  of  Teal  Lake,  Michigan.    (Brooks's  "Formation 

V,"  "Lower  Quartzite."  ) 

A  gray  rfud  brown  vitreous  quartzite.  The  same  ledge  shows  also  greenish,  cblo- 
ritic  quanz-schists.  Iu  the  sections  of  the  non-schistose  portions  the  induration  is 
seen  plainly  to  bo  the  result  of  the  interlocking  of  the  enlargements  of  the  original 
clastic  particles,  whose  smoothly-rounded  outlines  are  strongly  marked.  The  cement- 
ing silica  has,  however,  not  all  of  it  united  with  the  original  grains,  some  of  it  hav- 
ing separated  out  intorstitially  iu  minute  interlocking  areas.  The  peculiar  appear- 
ance of  gradation  of  a  quartz  area  into  tine  interstitial  quartz,  due  to  the  diminution 
outwards  in  power  of  the  crystalline  inlluence  of  the  nucleal  grain,  is  here  noticed 
also.  The  more  schistose  portions  of  the  rock  of  this  ledge  are  seen  in  the  thin  section 
to  carry  a  larger* proportion  of  kaolin,  and  to  have  but  little  of  the  indurating  silica 
co-ordinated  with  the  original  fragments,  most  of  it  having  been  deposited  independ- 
ently of  them.     (Slide  9=^8.) 


i«  Gcol.  Sur.  of  Mich.,  VoL  I,  p.  83. 
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24.  HaDging  wall  of  Palmer  Mine,  Michigan.    (Brooks's  "  Formation  V,'' 

"Lower  Qnartzite.") 

A  dark -gray,  conglomeratic  qaartzitu.  The  numerous,  large-sized  quartz  fragments 
of  this  rock,  some  of  them  simple,  some  of  them  complex,  are  buried  in  an  abundant 
matrix,  which  is  composed  of  finely-divided  quartz  mingled  with  amorphous  or  chal- 
cedonic  silica,  the  latter  at  times  predominating,  along  with  kaolinic  material,  flakes 
of  muscovite  and  chlorite,  and  of  oxide  of  iron.  The  quartz  fragments  are  often 
angular,  but  there  is  no  evidence  that  the  augularity  is  due  to  secondary  enlarge- 
ments of  rounded  grainsr  The  induration  seems  to  be  wholly  due  to  the  independ- 
ently deposited  interstitial  silica.     (Slide  973.) 

25.  Hanging^   wall,   Saginaw    Mine,    Negaunee    District,    Michigan. 

(Brooks's  "  Formation  XIV,"  "  Upper  Quartzite.") 

A  very  dark-colored,  conglomeratic  quartzite,  the  pebbles  partly  of  clear  quartz  and 
partly  of  red  and  black  jaspery  or  cherty  material.  The  rock  is  very  much  indurated, 
the  induration  being  chiefly  due  to  the  iudependent  depo^itiou  of  ii)tor8:«tial  quartz 
and  of  some  amorphous  silica,  there  being  but  few  and  small  enlargements  of  the 
quartz  fragmeuts.  Oxide  of  iron  in  very  abundant  iu  the  matrix,  which  includes  also 
somn  kaoliuic  material  and  muscovite  scales.    (Slide  14rj7.) 

26.  Hanging   wall,    Spurr    Mine,    ]\Iichigamme    District,    Michigan. 

(Brooks's  "Formation  XIV,"  "Upper  Quartzite.") 

A  highly  vitreous,  dark-gray,  conglomeratic  quartzite,  mostly  made  up  of  large, 
clear,  often  interlocking  quartz  are<i8,  which  are  in  many  cases  plainly,  and  inferen- 
tially  always,  due  to  the  enlargement  of  fragments.  A  few  biotite  flakes,  often  altered 
into  chlorite,  as  also  particles  of  muscovite,  microcline,  and  orthoclase,  are  contained. 
Within  six  feet  across  the  strike  this  clear,  vitreous  quartzite  passes  iuto  thfi  chlor- 
ite schist,  which  carries  the  well-known  chlorite  psendomorphs  after  garnet.  There 
is  a  complete  variation  from  one  rock  to  the  other  within  this  distance.    (Slide  1279.) 

« 

B. — Quartz-schists. 

27.  Quartzite  range,  south  of  Marquette,  near  shore  of  Lake  Superior 

(N.  W.  J,  Sec.  1,  T.  47,  E.  24  W.,  Michigan).    (Brooks's  "Forma- 
tion V,"  "  Lower  Quartzite.") 

A  red,  dolomitic  quartz -schist.  This  rock  grades  within  a  few  feet  into  the  red, 
Don-schistose  quartzite  described  above  as  No.  20,  and  in  another  direction,  within 
an  equally  short  distance,  into  a  clay  slate,  with  strong  transverse  cleavage.  The 
thin  section  shows  quartz  grains  imbedded  in  a  fine  matrix.  The  quartz  grains  often 
show  strongly  marked  secondary  enlargements.  The  matrix  contains  some  little  kao- 
linic matter  and  some  fine  quartz,  but  appears  to  be  chiefly  made  up  of  a  finely  crys- 
talline dolomite,  which  is  to  be  regarded  as  of  a  secondary  nature.  The  red  color  is 
due  to  a  minute  quantity  of  iron  oxide.     (Slide  1007.) 

28.  North  of  Michigamme  Mine  (N.W.  J,  N.  W.  J,  Sec.  20,  T.  48;R.  30 

W.,  Michigan).     (Brooks's  "Formation  V,"  "Lower  Quartzite.") 

A  dark-  and  light-banded  quartz-schist,  the  light-colored  bands  bciug  vitreous  and 
quartzitic,  the  dark -colored  ones  being  much  finer  and  more  clay-slate-like.  There 
is  a  tendency  to  transverse  cleavage,  e8p(»cinlly  in  the  dark-colored  bands.  In  the  thin 
section  the  light-colored  bands  are  seen  to  bo  composed  mainly  of  worn  grains  of 
quartz,  which  have  often  been  enlarged,  and  sometimes  so  much  so  as  to  interlock 
guite  deeply.     Au  interstitial  material  is  present,  composed  of  very  fine  quartz,  with 
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biotite  and  kaolin  scales,  with  a  little  clilorite  and  iron  oxide.  In  sections  of  the 
dark-colored  bands  this  matrix  material  becomes  predomicaut.  (Slides  1284,1285, 
1286.) 

C. — Mica-schists. 

29.  North  of  Michigainrae  Miue  (X.  W.  J,  N.  W.  J,  Sec.  20,  T.  48,  R.  30  W. 

Micbigau).     (Brooks's  "Formation  V,''  "Lower  Qaartzite.") 

A  very  fine-grained  schist,  strongly  marked  with  very  thin  bands  of  sedimentary 
deposition,  and  exhibiting  an  imperfect  slaty  cleavage.  Closely  resembles  mach  of 
the  slate  exposed  along  the  Suint  Louis  and  Minsissippi  Rivers,  Minnesota,  and  grades 
into  the  rock  last  described,  the  only  diiference  being  that  here  the  liner  material 
predominates.  In  the  thin  section  this  resemblance  is  borne  out,  andr the  rock  is  seen 
to  be  composed  as  the  matrix  of  No.  28.  Borne  of  the  minute  quartzes  have  distinctly 
been  enlarged  from  fragmeutal  particles.  Crystals  of  garnet  occnr  very  sparsely 
scattered  through  the  section.  It  is  diHicult  to  say  how  much  of  the  fine  quartz  of 
this  rock  is  the  result  of  crystallization  in  sitUy  and  how  far  the  result  of  the  enlarge- 
ment of  fragments.    (Slide  1*289.) 

D. — Sandstone. 

30.  Short  distance  north  of  the  foot- wall  of  Spurr  Mine,  Michigamme, 

District,  Michigan.     (Brooks's  "Formation  XII.") 

A  fine-grained,  saccharoidal,  very  friable,  white  sandstone,  the  grains  being  pro- 
vided with  crystal  faces.  Certain  bands,  one-eighth  to  one-fourth  of  an  inch  wide, 
carry  much  magnetite.  The  sand  crumbled  from  the  rock  by  hand  shows,  in  a  bal- 
sam mounting,  that  each  one  of  the  faceted  grains  has  a  rounded  fragment  as  a 
nnclens.  It  is  only  with  a  particular  disposition  of  the  light  that  the  outlines  of  the 
original  grains  can  be  detected,  so  clear  are  both  the  nuclei  and  the  enlargements. 
The  crystal  terminations  are  generally  both  present .  See  Fig.  3,  Plate  II.  (Slides 
1274, 1433,  1434.) 

FROM  THE  IRON-BEARING  SERIES  OF  THE  PENOEEE  REGION,  WISCONSIN. 

A. —  Vitreous  quartzites, 

31.  Near  Penokee  Gap,  Ashland  County,  (N.  W.  J,  Sec.  14,  T.  44,  R.  3 

W.,  Wisconsin.)    ("  Formation  III''  of  the  Penokee  series,  "Silice 
0U8  Schist.")  ^9 

A  greenish,  vitreous  quartzite,  composed  almost  wholly  of  intricately  interlocking 
quartz  areas  of  some  size,  each  one  of  which  has,  however,  plainly  been  enlarge<1 
from  a  fragmental  nucleus.    Chlorite  in  small  particles  forms  the  only  other  ingre 
dieot.     (Slide  1402.) 

32.  Gorge  of  Tyler's  Fork,  Ashland  County  (S.E.  J,  N.E.  J,  Sec.  33,  T.  45, 

E.  1  W.,  Wisconsin).    ("Formation  III.") 

A  greenish,  vitreous  qnartzite,  closely  like  the  rock  last  described,  except  that  the 
induration,  though  chiefly,  is  not  wholly  due  to  the  enlargement  of  the  original  frag- 
ments, there  being  present  quite  a  quantity  of  a  finely  divided  interstitial  quartz. 
The  chlorite,  besides  occurring  in  bunches,  is  noticed  also  to  occnr  in  films  aronnd 
the  outlines  of  the  nucleal  grains  of  the  quartz  areas.  (Slide  2094,  Wisconsin  survey 
series. ) 

^^For  the  stratigraphy  of  the  Pmokee  series,  and  the  numbers  given  to  its  sub- 
ordinate luembers  by  li  D.Irving,  see  Geol.  of  Wis.,  Vol.  Ill,  p.  104.  For  a  descrip- 
Mon  of  Formation  III  throughout  its  extent,  see  the  same,  pp.  111-118* 
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33.  Bad  River,  Ashland  County  (8.W.  J,  KW.  J,  Sec  11,  T.  44,  E.  3  W., 

Wisconsin).    ("  Formation  XV."  ") 

A  very  dark-gray  feldspathic  qnartzite,  composed  of  angular  quartz  and  partly 
kaolinized  ft  Idnpar  fragments  (tlie  former  often  slightly  enlarged)  imbedded  in  on 
abundant  matrix  composed  largely  of  the  same  materials,  with  a  good  deal  of  a  black- 
ish iron  oxide  in  fine  particles.  As  is  usual  where  there  is  much  of  a  fine  fragmental 
or  clayey  mntrix,  the  quartz  fragments  appear  to  merge  into  the  matrix.  (Slide  1496, 
Wis.  Hur.  ^eries.) 

34.  Near  Penokee  Gap  (west  line  N.W.  J,  Sec.  11,  T.  44,  E.  3  W.,  Wis- 

consin).   (*' Formation  XIX."^^) 

A  very  fiue-graiued,  dense,  black,  vitreous  qnartzite.  Quartz  in  minute  particles 
is  the  most  abundant  ingredient.  Much  of  it  appears  clearly  to  be  of  a  clastic  origin, 
and  the  grains  have  often  received  secondary  enlargements.  Biotite  in  abundant, 
minute,  brown  scales ;  fragments  of  feldspar,  pyrite,  and  brown  iron  oxide  are  the  re- 
maining ingredients.     (Slide  1113.) 

B. — Quartz-schists. 

35.  The  gorge  of  Tyler's  Fork,  Ashland  Countj^  (N.E.  i.  Sec.  33,  T.  45, 

E.  1  W.,  Wisconsin).    ("  Formation  IJL") 

A  greenish-gray,  vitreous  quartzite,  very  clearly  resembling  No.  28  of  this  list. 
Quartz,  in  relatively  large,  interlocking  areas,  composes  fully  three-fourths  of  the 
section,  each  area  having  a  distinctly  marked,  nucleal  fragment.  The  enlargements 
uf  these  fragments  are  often  unusually  wide,  and  the  interlocking  at  times  quite  in- 
tricate. A  little,  finely-divided  quartz  is  present  in  the  interstices.  Chlorite  occurs 
in  large  rounded  areas,  which  are  taken  to  have  resulted  from  the  decomposition  of 
feldspar  fragments  in  films  and  patches  between  the  quartz  areas,  and  in  films  follow- 
ing the  ontliucs  of  the  original  grains,  thus  taking  the  place  more  usually  occupied 
by  iron  oxide,  which  is,  however,  also  present  to  some  extent  here.    (Slide  1111.) 

36.  Sonth  line  Sec.  27,  T.  46,  E.  2  W.,  Ashland  Connty,  Wisconsin. 

C'  Formation  XXI."") 

A  light-gi-ay,  fine-grained  quartz-schist.  Rather  sparsely  scattered  fragments  of 
quartz  and  feldspar,  the  former  the  most  abundant,  are  scattered  through  a  matrix 
composed  of  the  same  materials,  with  more  or  less  kaolin,  mnscovite,  chlorite,  and 
iron  oxide,  in  fine  particles.  I'he  quartz  fragments  are  often  distinctly  enlarged. 
(Slide  1113.) 

C. — Mica-schist 

37.  West  line  S.W.  i,  Sec.  2,  T.  44,  E.  3  W.,  Ashland  Connty,  Wiscon- 

sin.   ("Formation  XXI,'^  the  great  mica-schist  at  the  top  of  the 
series.) 

A  light-gray,  very  fine-grained,  quartzose  mica-schist.  Quartz  in  closely  fitting 
areas,  in  many  of  which  a  nucleal  fragment  may  be  recognized,  is  the  chief  constitn- 
ent.  There  is  also  some  fragmental  orthoclase.  The  mica  (biotite)  lies  between  the 
quartz  areas,  and  along  with  it  there  is  often  some  brown  oxide  of  iron.  (Slide  2006, 
Wis.  sur.  series.) 


«>Gool.  Wis.,  Vol.  Ill,  p.  142. 
«>Geol.Wis.,Vol.III,p  144. 
«Geol.  Wis.,  Vol.  Ill,  pp.  145-149. 
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D. — Grayicaele  and  graywacke-slate. 

38.  Tyler's  Fork  (N.E4,  See.  28,  T.  45,  R.  I  W.,  Ashland  County,  Wis 

cousin).     ('Formation  XVIi;''^) 

A  very  <lark-frruy,  fiiie-j^raincd  rock,  similar  macroscopicaUy  and  microscopically 
to  No.  3^<  of  tliis  li>T,  clifR'iin^  only  in  tlio  lar^rer  proportion  of  tbe  feldspathic  and 
clayey  inaU'iial.  Many  of  tbe  (juartz  grains  are  di.stinctly  enlarged,  and  prest-nt  the 
common  a;ipearancc  of  merging  into  tbc  matrix.  The  decomposed  feldspar  fragments 
have  abdut  llicni  of<i-n  bonlern  of  a  fresh  feldspatiiic  material,  an  occurrence  snggest- 
ing  that  they  too  have  rcceiveil  Keconrlary  enlargements.     (Slide  til04,  Wis.  sur.  series.) 

E. — Arenaceons  qiiarizite  and  sandstone. 

39.  Penokee  Gap,  Ashland  Connty,  Wisconsin,  (N.E.  J,  N.W.  J,  Sec.  14, 

T.  44,  R.  3  W.,  Wisconsin)!     ("Formation  II."^^) 

A  milky-while,  arcuaceons  or  somi-vitrificd  qnartzite.  Except  some  few  roinnte 
particles  of  brown  oxide  of  iron,  the  filide  shows  nothing  bnt  qnartz  in  closely  fitting, 
sometimes  interlocking  areas,  within  many  of  which  may  be  seen  the  outlines  of  tbe 
nucleal  fragments.  The  slide  is  evidently  from  one  of  the  more  vitrified  portions,  the 
r<'ck  being  quite  irregnlar  in  the  degree  of  induration.     (Slide  1110.) 

40.  Monnt  Whittlesey,  Ashlaud  County  (N.W.  J,  N.W.  J,  Sec.  16,  T.  44, 

R.  2  W.,  Wisconsin).    ("  Formation  11.'^) 

Avery  fine-grained,  white,  indurated  sandstone,  closely  like  the  last  rock  described, 
except  that  the  enlargements  of  the  grains  arc  very  frequently  furnished  with  crystal 
faces,  as  may  be  seen  both  iu  the  thin  section  and  in  the  balsam  mounting  of  sand 
crumbled  from  tbe  rock.  This  is  (evidently  a  common  peculiarity  of  this  layer  in  the 
Penokee  scries,  siuoo  band  8i>eeimens  from  different  localites  are  made  up  of  spark- 
ling grains.  There  is  often  a  very  abrupt  transition  from  the  highly  arenaceous  to 
the  strongly  vitrified  phase.     (Slides  1400, 1465, 1482.) 

IN  THE  SLATER  OP  THE  SAIINT  lOHS  BITER,  MINNESOTA. 

41.  Knife  Falls,  Saint  Louis  River,  Minnesota. 

A  fine-grained,  light-gray,  highly  argillaceous  schist.  Minute  fragments  of  quartz, 
orthoclase,  uud  oligocl.ise,  tbc  first-named  often  with  small  enlargements,  are  buried 
in  a  fine  matrix,  composed  partly  of  tbe  same  materials  and  partly  of  kaolin,  with 
some  chlorite. 

42.  Near  Mahtowab,  Minnesota. 

An  arenaceous  schist,  closely  resembling  the  la«t  described,  both  macroscopicaUy 
and  microscopically,  except  that  it  is  somewhat  coarser  grained.  The  qnartz  fragmente 
are  often  enlarged.    (Sli<le  766.) 

43.  Saint  Louis  River,  near  Thompson,  Minnesota. 

A  very  dark-gray,  fine-grained  graywaeke.  The  thin  section  shows  the  rock  to  be 
composed  much  like  the  last  two  described,  except,  in  containing  a  larger  quantity  of 
feldspar  fragments,  and  iu  having  a  larger  proportion  of  chlorite  in  the  matrix.  The 
qnartz  fragments  are  often  distinctly  enlarged. 

These  rocks  are  all  somewhat  nearly  allied  to  the  graywacke-slates  of  Lake  Huron. 
They  are,  however,  wbilst  fine-zniined,  only  the  coarser  phases  of  the  great  slate  for- 
mation in  which  they  occur,  tbe  predominating  phases  of  which  are  true-clay  slates 


-'(^ol.  Wis.,  Vol.  Ill,  p.  142. 
'-'Geol.  Wis..  Vol.  Ill,  p.  108. 
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find  a  Tery  fine-grained,  shining  mica-slate,  in  which  the  proportion  of  decomposed 
feldspar  detritus  is  often  very  large,  and  the  qnartz  fragments  are  so  minute  that  if 
any  secondary  enlargements  occur  they  are  very  difficult  of  detection.  The  whole 
series  is  affected  by  a  very  strong  transverse  cleavage,  the  fine  bands  of  sedimentary 
lamination  being  at  the  same  time  often  most  beautifully  preserved.    (Slide  761.) 

IN  THE  qVABTERB  FORMinON  OF  THB  BABABOO  BEOION  OF  WISCONSIN. 

A. — Vitreous  quartzites. 

44.  Caledonia,  Columbia  County,  Wisconsin. 

A  grayish-white  quartzite  conglomerate,  the  pebbles  being  of  white  quartz  and  of 
smaU  size.  In  the  thin  section  quartz  fragments  of  some  size,  often  showing  distinctly 
secondary  enlargements,  are  buried  in  a  finer  matrix,  chiefly  of  the  same  material, 
some  of  which  may  be  frsgmental,  but  much  of  which  appears  to  be  originally  de- 
posited material.     (Slide  729.) 

45.  Upper  If  arrows  of  the  Baraboo  Biver,  Sank  County,  Wisconsin. 

Dark  purple,  vitreous,  dose-granular  quartzite,  made  up  almost  wholly  of  inter- 
locking areas  of  quartz,  each  one  of  which  has  been  produced  by  the  enlargement  of 
a  fragmental  nucleus  whose  outline  is  always  strongly  marked  by  oxide  of  iron. 
The  lines  along  which  the  interlocking  areas  of  qnartz  Join  are  peculiarly  Jagged. 
There  is  also  present  some  of  a  fine,  independently  deposited  interstitial  quartz.  (Slide 
745.) 

46.  Freedom,  Sauk  County,  Wisconsin. 

A  pinkish  white,  very  close-grained,  vitreous,  translucent  quartzite.  The  thin  sec- 
tion is  made  up  entirely  of  irregularly  outlined,  interlocking,  angular  areas  of  quartz, 
all  of  which  have  evidently  been  formed  by  the  enlargement  of  fragmental  nuclei,  the 
outlines  of  which,  however,  are  usually  very  faintly  marked.  While  plainly  com- 
posed in  the  main  of  detrital  material,  this  rock,  but  for  the  discovery  that  these  en- 
largements exist  in  other  quartzites,  would  undoubtedly  be  taken  as  made  up  entirely 
of  quartz  crystallized  ia  9it».    (Slide  744. ) 

47.  Westfield,  Sauk  County,  Wisconsin. 

A  pinkish,  vitreous,  translucent  quartzite,  composed  chiefly  of  interlocking  qnarta 
areas,  the  outlines  of  the  original  fragments  being  generally  very  distinctly  marked. 
The  enlargements  are  usually  not  broad.  There  is  a  smaU  quantity  of  fine  intersti- 
tial quartz  which  appears  to  have  been  deposited  in  situ, 

B. — Qtuirtz-^kists. 

48.  Lower  Narrows  of  the  Baraboo  Biver,  Sauk  County,  Wisconsin. 

A  yellowish-white,  granular,  argillaceous  quartz-schist,  composed  in  about  equal 
proportions  of  a  fine  clayey  matrix,  and  of  rounded  fragments  of  quartz  with  some  of 
feldspar.  The  matrix  inclades  also  some  fine  quartz.  The  quartz  fragments  show 
Ihe  usual  small  enlargements  and  appearance  of  fading  into  the  matrix,  so  often  noted 
above  as  characteristic  of  clayey  quartzites.    (Slide  735.) 

49.  Ableman's,  Sauk  County,  Wjsconsin. 

A  dark -grayish,  vitreous  quartz-schist,  made  up  chiefly  of  enlarged  quartz  grains, 
elongated  in  a  common  direction,  whence  the  schistose  structure.  There  is  a  minor 
quantity  of  fine  interstitial  quartz.    (Slide  748.) 

50.  Upper  Narrows  of  the  Baraboo  Eiver,  Sauk  County,  Wisconsin. 

Pink«  fine-grained,  qnartz-scliibt,  made  up  chiefly  of  grains  of  quartz,  with  their 
Uiiiger  axes  lying  in  .i  rt mmon  directiou,  each  enlarged  from  a  nucleal  fragment. 
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One-fbarth  of  the  rock  is  made  up  of  a  fine  filliDgmateiial>  which  is  about  equal  parts 
of  fine  quarts  and  kaolin.    (Slide  746.) 

51.  Devil'd  Lake,  Sauk  County,  Wisconsin. 

The  larger  portion  of  the  quartsite  in  the  Devil's  Lake  region  is  without  arenaceous 
appearance,  but  now  aud  then  a  tendency  to  an  arenaceous  appearance  is  notable, 
and  occasionally  smaU  areas  are  met  with  where  the  rock  is  only  a  slightly  indurated 
or  even  a  quite  loose  sandstone.  The  transition  from  friable  sandstone  to  the  most 
indurated  quartzite  is  quite  abrupt.  The  present  si  ides  consist  of  a  balsam  mounting 
pulverized  from  one  of  the  slightly  indurated  portions.  Each  rolled  grain  of  sand  is 
seen  to  be  surrounded  by  a  secondary  border  of  limpid  quartz,  on  which,  however, 
crystal  faces  are  not  to  be  observed,  the  interference  having  been  too  great.  (Slides 
Sd0.82L) 

IN  THK  QVABTZITE  FORMATION  OF  SOVTHEBN  MINNIBOTA. 

A. — Vitreous  quartzites, 
62.  Bedstone,  Nicollet  County,  Minnesota. 

In  southwestern  Minnesota,  and  westward  in  Squthenstem  Dakota,  as  far  as  the 
James  River  Valley,  are  areas  of  a  sandstone  and  quartzite  formation,  which  evident^ 
underlies  all  of  this  region,  the  exposures  being  detached  fit>m  one  another  by  the 
overlying  Cretaceous  and  Quaternary  formations.  Unfortunately,  the  next  newer 
formation  with  which  it  is  seen  in  contact  is  the  Cretaceous,  so  that  stratigraphical 
proofs  of  its  geological  position  are  wanting.  It  is  contrasted  so  completely  with  the 
Potsdam  formation  of  the  Mississippi  Valley  that  there  can  be.no  question  of  its  in. 
ferior  position.  8o  far  all  who  have  examined  it  of  late  years  are  agreed.  Professor 
WincheU,  if  he  is  rightly  understood  by  us,  is  disposed  to  regard  it  as  the  equivalent 
of  the  lower  portion  of  the  copper-bearing  series.  Certain  of  the  reddish,  more  ar- 
gillaceous, and  more  sandy  parts  of  the  fonnation  are  often  much  like  some  of  the 
red  sandstones  of  the  copper  series,  although  the  similarity  does  not  hold  on  closer 
inspection.  In  its  quartzitic  portions  the  formation  is  almost  identical  in  character 
with  the  Huronian  quartzitesof  tbe  Baraboo  region  of  Wisconsin.  In  its  more  argil- 
laceous portions,  also,  it  approaches  very  nearly  the  argillaceous  members  of  the  series 
of  the  Penokee  region,  and  the  pipestone-bearing  quartzites  of  Barron  County,  Wiscon- 
sin. These  resemblances,  the  evident  considerable  thickness  of  the  serits,  and  the 
differences  between  it  and  the  Eeweenawan  rooks  leave  little  doubt  in  our  minds  of 
the  correctness  of  the  position  taken  by  those  who  would  refer  it  to  the  Huronian. 
It  may  be  said  that  much  of  the  quartzite  of  this  region  is  near  to  much  of  the 
quartzite  of  the  Huronian  of  Lake  Huron. 

At  Redstone  the  transitions  from  argillaceous,  reddish  sandstone  to  completely 
vitrified,  brick-red  to  purple  quartzite,  and  from  these  again  to  completely  loose  sand- 
stones, are  frequent  and  abrupt.  In  places,  over  considerable  areas,  the  appearance 
is  as  if  the  rock  at  higher  levels  had  been  vitrified  by  exposure.  But  in  the  railway 
cutting  it  is  seen  that  the  vitreous  quartzites  are  not  restricted  to  the  exposed  por- 
tions, but  are  interstratified  with,  and  arranged  in  irregular  areas  in,  an  entirely  nn- 
indurated  crumbling  sandstone.  The  peculiarly  irregular  distribution  of  the  indura- 
tion, and  the  abrupt  transitions  from  indurated  to  non-indurated  material,  suggest 
the  possibility  of  its  production  by  the  descent  along  Joints  and  the  spreading  thence 
through  the  layers  of  a  silica-beaiing  solution.  The  thin  sections  of  the  completely 
vitrified  quartzites  of  this  place  show  the  outlines  of  the  original  fragmental  grains 
strongly  marked  by  borders  of  oxide  of  iron.  In  the  main  the  fragments  are  simple, 
but  at  times  they  are  composed  each  of  several  interlocking  quartz  areas.    AH  of 
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ilieae  fragments  hxve  been  enlarged,  the  simple  ones  in  the  asual  manner  and  the 
complex  ones  into  larger  complex  areas.  The  enlargements  at  times  interlock,  bnt  in 
other  portions  of  the  sections  interstices  are  left  between  them,  which  have  been  filled 
by  an  independently  deposited  silica,  a  portion  of  which  is  ehslcedonio  or  amorphous. 
(Slide  1376.) 

03.  Near  New  nimy  Nicollet  Goantyy  Minnesota. 

A  line  eonglomerate,  forming  the  matrix  of  a  boulder  eonglomerate  composed  of 
white  quartz  pebbles,  imbedded  in  a  still  finer  matrix  of  fine  quartz,  kaolin,  and  oxide 
of  iron.  The  quarts  fragments  were  in  the  main  originally  complex,  bnt  have  been 
■lightly  enlarge^.    (8Ude  1373.) 

M.  Delton,  Cottonwood  County,  Minnesota. 

A  pinkish,  glassy  quart zite.  The  thin  sections  show  essentially  the  same  characters 
aa  No.  82  of  this  list.  Some  of  the  interstitial  material  of  these  rocks  is  fibrous,  chal- 
cedonie  silica  arranged  radially  about  some  of  the  complex  grains  of  quartz.  (Slides 
1380,1381.1382.) 

65.  Moand  Creek,  G«rmantown,  Cottonwood  County,  Minnesota. 

An  aienaeeous,  gray  quartzite.  The  thin  sections  resemble  those  of  the  immediately 
preoeding  numbers,  except  that  the  induration  has  not  proceeded  so  far,  the  enlarge- 
ments of  the  grains  not  having  commonly  interlocked.  There  is  much  of  a  fine  qnartz- 
oae  matrix.    (Slide  1383.) 

B. — SandiUme. 

56.  Bedstone,  NiooUet  County,  Minnesota. 

A  fine-grained,  somewhat  indurated,  red,  argillaceous  sandstone.  Fragments  of 
qnartSy  partly  simple,  partly  finely  complex,  the  former  often  enlarged,  are  bnried  in 
a  matrix  of  red  iron  oxide,  clayey  material  and  fine  quartz.    (Slide  1375.) 

57.  Bedstone,  Nicollet  County,  Minnesota. 

One  end  of  the  specimen  is  a  purple  vitreous  quartzite,  like  No.  52 ;  the  other  a  loose 
sandstone,  with  the  grains  faceted  from  secondary  enlargement.  We  haye,  then,  in 
this  specimen  the  two  extremes  of  the  process  of  induration.    (Slides  1377, 1378.) 

n  TEM  AMuain  mm  of  nobthkui  Minnesota  anb  thk  thvndib  bat  bboion  of 

LAIB  BVPBBIOB. 

A. — Vitreous  quartziUs. 
OS.  Prairie  Biver  Falls,  (Sec.  34,  T.  56,  B.  25  W.,  Minnesota). 

A  red,  yitreons  qnartsite,  closely  resembling  much  of  the  rod  quartsite  of  Sontheru 
MiBBesota(«.  p.,  No.  54  of  thislist);  also  the  red  quartz! tcs  occurring  in  the  Mar- 
quette (ft  g,f  No.  20)  and  Baraboo  Huronian  regions  («.  g,,  No.  47).  The  iuduratinu  has 
been  entirely  produced  by  the  enlargement  of  very  much  rounded  fragments,  whose 
oatUnes  are  beautifolly  marked  in  the  thin  section  by  lines  of  red  and  brown  oxide 
of  iron.  The  enlargements  haTS  often  very  intricately  interlocked.  Rutile  needles 
plentifhl  in  the  original  fragments,  coming  np  often  quite  to  their  outlines,  but 
altogether  absent  from  the  enlargements.  There  is  no  other  mineral  of  i  mportanco 
prsaent.  The  quarts  fragments  are  usually  simple,  but  are  occasionally  ma4le  up  of 
two  or  more  interlocking  quartz  areas.  Figs.  1  and  2,  Piste  IV,  magnified  39  diame- 
ters, represent  portions  of  this  rock  in  the  ordinary  and  polarized  ligbts,  so  that  tho 
present  and  original  extents  of  the  quartz  areas  may  be  rendily  seen.  See  also  Fig.  'J, 
PUte  VI. ,  upper  half.    (Slides  1068,  1089. ) 
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69.  Wanswangoning  Bay,  Lake  Saperior,  MiDnesota. 

A  lightrgnj,  vitreous  qnartzite.     Angnlar  quartz  areas,  eacli  plainly  enlarged  from 
a  nadeal  grain,  and  often  interlucking,  make  up  most  of  the  rock.    There  are  also 
present  fragments  of  feldspar  and  firagments  made  np  of  very  minute  interlocking 
quartz  areas.    Chlorite  is  present  in  the  matrix,  which  appears  to  be  in  part  com 
posed  of  quartz  deposited  in  •itu,    (Slide  413.) 

60.  Pigeon  Point,  Lake  Saperior,  Minnesota. 

A  Tcry  darkrgray,  nearly  black,  compact,  very  fine-grained,  Titreons  qnartzite. 
Consists  of  angular  quartz  areas,  plainly  enlarged  frt>m  fragmental  nuclei,  whose  out- 
lines are  often  Tisible,  with  some  fragments  of  feldspar  (both  orthbclase  and  plagio- 
elase),  imbedded  in  a  matrix  made  up  of  minute  interlocking  quaris  areas,  chlorite 
and  biotite  flakes  and  abundant  small  round  grains  of  a  brightly  polarizinff*  colorless 
mineral,  which  is  nearer  in  appearaijce  to  the  sahlite  variety  of  augite  than  to  any- 
thing else  with  which  we  are  familiar.  This  rock  is  very  near  to  those  described  as 
Titreons  graywackes,  the  only  difference  being  in  its  greater  richness  in  quartz,  and 
highly  vitreous  character.  It  is  also  very  close^  indeed,  to  the  more  quartzitio  phases 
of  the  ^'slate-eonglomerates"  of  Lake  Huron,  and  is  quite  as  completely  a  ''crysta- 
lline" rock  as  anything  except  the  greenstones  to  be  found  in  the  type  Huronian  of 
Lake  Huron.  It  is  a  type  of  rock  whicH  is  largely  eoncerned  in  the  make-up  of  the 
Animikie  series.  It  is  directly  iuterstratified  with  arenaceous  quartzites  or  even 
sandstones.    (Slide  423.) 

B. — Arenaceous  quartzites. 

61.  Portage  Bay  Island,  Minnesota,  coast  of  Lake  Saperior. 

The  light-gray,  fine-grained  arenaceous  rock  of  Portage  Bay  Island  is  often  little 
more  than  a  slightly  indurated  sandstone,  but  in  places  it  becomes  a  decided  qnartzite, 
and  though  always  somewhat  more  arenaceous,  gives  sections  which  resemble  very 
closely  those  of  No.  59  of  this  list,  ihe  induration  being  merely  not  qaite  so  strong. 
The  outlines  of  the  original  fragments  are  beautifully  distinct,  and  the  enlargements 
are  very  broad.  There  is  some  caldte  present  in  the  matrix.  (See  Fig.  2,  Plate 
IlL)   (Slides  40S,  403.) 

0. — Vitreaua  gragwaekes. 

61.  South  side  of  Bove  Lake,  Minnesota  (N.E.  1,  Sec.  28,  T.  65,  E.  1  E. 
Minnesota). 

A  fine-grained,  dark-gray,  much  indurated  rock,  with  conchoidal  fracture.  This 
rock  difiers  firom  No.  60  in  its  larger  content  of  feldspathic  and  chloritic  material*  It 
may  be  taken  as  the  type  of  the  rock  which  forms  the  larger  part  of  the  Animikie 
series.  The  quartz  is  the  principal  mineral  and  occurs  in  three  phases:  (1)  in  simple 
fragmental  grains,  always  showing  soni^  secondary  enlargements ;  (2)  in  complex 
fragments,  which  are  also  occasionally  enlarged ;  (3)  as  an  interstitial  material  in 
minute  interlocking  areas.  The  feldspar  fragments  include  orthoclase  and  plagioclaae, 
and  are  very  plentiful,  often  closely  interlocking  with  the  enlarged  quartzes.  Some 
kaolinic  material  in  the  matrix  probably  represents  decomposed  feldspars.  Some 
chlorite  is  also  present  in  the  matrix.  The  rock  is  fully  as  ** crystalline"  as  anything 
in  the  original  Huronian,  to  the  graywacke-slates  of  which  it  is  closely  comparable, 
especially  to  the  more  quartz! tic  phases  of  those  rocks.  It  is  still  closer  to  some  of  the 
quartzitic  phases  of  the  s]at«  series  of  the  Saint  Louis  River  (e.y.,  No.  43)  and  of  the 
great  series  of  folded  schists  of  the  Knife  and  Kingfisher  Lake  region  on  the  national 
boundary.    (Slides  1346, 1347.) 
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G3.  East  end  of  Mountain  Lake  (S.W.  ^  S.W.  ij  Sec.  13,  T.  65,  B.  2  E., 
Minnesota.) 

A  lighter-colored  rock  than  No.  62,  bnt  otherwise  identical  with  it.    (Slide  1350.) 

G4.  Partridge  Falls,  Pigeon  Biver,  Minnesota. 

A  feldspathic  quartzite  or  vitreons  graywacke,  very  close  to  No.  62,  differing  only 
in  having  less  interstitial  material,  and,  cons^qnently,  more  thorough  interlocking  of 
the  enlargtMl  quartz  areas  with  each  other,  and  with  the  feldspar  particles.  (Slides 
1181,  1328.) 

65.  South  side  of  Clear  Water  Lake  (near  center  of  Sec.  27,  T.  66,  B.  1 

E.,  Minnesota.) 

Differs  from  No.  62  only  in  being  finer  grained,  being  otherwise  identical  with  it, 
luacroscopically  and  microscopically.    (Slide  1178.) 

66.  East  side  of  Thunder  Bay,  Canada. 

A  dark-gray  rock,  near  to  No.  62,  except  that  it  is  finer  grained  and  is  more  argilla- 
ccoas.  The  thin  section  shows  a  larger  quantity  of  kaolinic  interstitial  material  than 
r  o.  62,  and  a  larger  proportion  of  chlorite.  The  nsnal  enlargements  of  the  quarts 
fragments  are  found.    (Slide  432.) 

D. — Argillaceous  graywacke. 
G7.  Grand  Portage  Falls,  Pigeon  Biver,  Minnesota. 

A  fnie-grained,  light-green ish-gray,  argillaceous,  not  greatly  indurated  rock.  The 
thin  section  is  near  to  that  of  No.  62,  but  shows  a  very  much  larger  amount  of  a  clayey 
matrix,  and  less  of  a  siliceous  cement.  The  quartz  fragments  are  often  enlarged. 
(Slide  13^.) 

IN  THE  FOLDED  BCHtBT  OP  THE  XATIONAl  BOVHDABT  UKB,  NORTH  OP  LAKE  BVPEUOB. 

68.  Kingfisher  Lake  (S.W.  i,  S.E.  },  Sec.  23,  T.  65,  B.  6  W.,  Minnesota. 

A  dark-gray,  fine-grained,  vitreous  graywacke  or  quartzite,  somewhat  coarser 
grained  than  No.  62  of  this  series,  bnt  otherwise  closely  like  it.  This  resemblance 
holds  also  in  the  thin  section,  except  that  this  rock  is,  perhaps,  somewhat  more  fold- 
spathic.    The  quartz  fragments  are  often  enlarged.    (Slide  1147.) 

69.  Kingfisher  Lake  (N.W.  i,N.  E.  \,  Sec  26,  T.  65,  B.  6  W.,  Minnesota. 

A  dark-gray,  fine-grained  rock,  resembling  the  last  described,  but  somewhat 
coarser-grained.  Close  also  to  much  of  the  graywacke  of  the  slate-conglomerate  of 
Lake  Huron.  lu  the  thin  section,  quartz  and  feldspar  fragments,  the  former  often 
enlarged,  and  the  latter  including  both  ortboclase  and  plagioclase,  are  embedded  in 
fine  matrix  composed  partly  of  quartz,  but  also  in  part  of  amorphous  silica  and  kaolin, 
with  also  numerous  particles  of  oxide  of  iron.  Chlorite  is  abundant  as  an  alteration- 
product  of  the  feldspars.     (Slide  1144.) 

70.  Knife  Lake  (N.  W.  i,  S.  B.  i.  Sec.  17,  T.  65,  B.  6  W.,  Minnesota). 

A  fine-grained ,  d  ark  -gray  cberty  quartzite  or  quartz-schist.  The  fragments  of  qnarts 
are  oftened  enlarged.  Ortboclase  and  plagioclase  compose  about  one-half  of  the  rock, 
the  remainder  being  made  up  of  an  excessively  fine,  siliceous  matrix  material,  which, 
in  a  large  measure,  haH  no  eft'ect  on  the  polarized  light. 

It  is  of  considerable- interest  as  bearing  upon  the  question  of  thestrnotural  relation 
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of  the  rocks  of  the  great  slate  series,  from  which  those  specimens  come,  to  the  Animi- 
kie  series  south  of  them,  that  there  should  be  such  a  close  lithologioal  reeemblanoe 
between  the  rocks  of  the  two  series.*^    (Slide  1151  ) 

KEWEENAW  AN  SANDSTONES. 

71  Eagle  Harbor,  Keweenaw  Point,  Michigan. 

A  red  sandstone  from  the  uppermost  part  of  the  '*  great  conglomerate."  This  rook, 
which  is  made  up  of  the  detritus  of  dififereut  acid  porphyries,  is  described  in  detail  in  the 
second  part  of  thin  bulletin,  since  the  induration  has  been  mainly  due  to  the  secondary 
eulargemei  t  of  foldspar  fragments.  The  few  grains  of  qnartz  contained  are  observed 
at  times  to  have  received  secondary  enlargements.    (Slides  596, 1474.) 

72.  Near  Copper  Falls  Mine,  Keweenaw  Point,  Michigan. 

A  red  saudbtone  from  a  layer  interstratified  with  amygdaloids  and  traps,  mnoh  re- 
sembling No.  71,  except  that  the  principal  indnraiiDg  material  is  calcite.  The  oooa- 
sional  quartz  grains  show  very  distinct  enlargements."^    (Slide  526.) 

73.  North  side  Portage  Lake  (Nonesuch  Belt ''),  Keweenaw  Point,  Michi- 

gan. 

A  fine>grained,  durk-colored,  strongly-indurated  sandstone,  composed  in  large  part 
of  the  detritus  of  the  acid  porphyries  and  basic  rocks  of  the  Keweenaw  series,  bat 
containing  also  a  large  proportion  of  quartz  fragments,  most  of  which  show  distinot 
secondary  enlargements.**    (Slide  614.) 

74.  Foot- wall  of  the  Nonesuch  Mine,  Porcnpine  Mountains,  Michigan. 

A  light-reddish  brown,  streaked,  fine-grained  sandstone,  composed  about  two- thirds 
of  fragments  of  basic  and  acid  eruptives,  the  remainder  being  quartz  fragments, 
many  of  which  are  quite  angular,  and  seemed  to  have  broken  from  the  crystals  of 
a  quartz-porphyry.  In  many  cases  these  fragments  have  received  secondary  enlarge- 
ments.«    (Slide  617.) 

75.  Little  Iron  Eiver,  (N.  W.  J,  N.  W.  i.  Sec.  12,  T.  50,  E.  4S  W., 

Michigan). 

A  fine-grained,  dark-gray,  ninch  indurated  sandstone  or  graywaoke,  the  silver-bear- 
ing rock  of  Iron  River.  The  predominant  quartz  occurs  in  the  two  forms  of  inter- 
locking areas  of  some  size,  each  with  a  plainly  fragmental  nucleus,  and  of  an  inde- 
pendently deposited  interstitial  material.  The  quartz  fragments  are  at  times  finely 
complex.  The  remainder  of  the  rock  is  made  np  of  quartz-porphyry  detritus,  with 
some  infiltrated  calcite.    (Slide  620.) 

76.  Little  Iron  Eiver,  (8.  W.  i,  Sec.  13,  T.  51,  B.  42  W.,  Michigan). 

A  roc^  dose  to  the  last  described  and  coming  from  the  same  '*  silver  belt.,''  differing 
chiefly  in  having  more  infiltrated  calcite  in  the  matrix.  The  induration  is,  however, 
largely  due  to  infiltrated  quartz,  which  occurs  both  as  enlargements  to  the  quarts 
fragments  and  independently  oriented. 

The  rocks  from  the  same  belt  on  Big  Iron  River,  on  the  lake  shore  near  Lone  Bock, 

»  Monographs  of  the  U.  S.  Geological  Survey,  Vol.  V.  pp.  399, 417. 
"For  description  and  figure  of  this  rock,  see  monograph  on  Copper-Bearing  roeks 
of  Lake  Superior,  p.  129,  and  Plate  XVI,  Fig.  3. 
»  Op.  dt,  pp.  193,  220-224. 

"  For  further  description  of  this  rock,  see  Loe.  oit,  p.  131. 
»  Op.  cU.,  p.  131. 
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aod  in  the  vicinity  of  Presqu'  Isle  River,  except  that  the  basic  detritus  and  infiltrated 
calcite  become  more  abundant,  present  the  same  appearance.    (Slide  655.) 

77.  Presqu'  Isle  River,  (NB.  J,  sec.  5,  T.  49,  E.  46  W.,  Michigan). 

Upper  sandstODes  of  the  Keweenaw  series. 

A  dark-red,  fine-grained  sandstone,  closely  similar  to  the  last  two  described.  The 
qnartz  fragments  are  both  simple  and  complex,  the  first  often  widely  enlarged. 
(8]ide355.) 

78.  Silver  Islet  Landing^  north  shore  of  Lake  Superior,  Canada. 

A  fine-giained,  cream-colored,  indurated  sandstone.  Angular,  often  interlocldng 
quartz  areas,  each  with  a  fragmental  nucleus  plainly  outlined,  make  up  most  of  the 
rock.  Independently  deposited  quartz  and  some  dolomite  occur  intexstitiaUy.*' 
(Slides  471,  472.) 

79.  East  side  of  Black  Bay,  Lake  Superior,  Canada. 

A  fine-grained,  red-and-white-streaked,  quite  indurated  sandstone.  Subangular 
fragments  of  quartz,  often  showing  quite  wide  and  distinct  enlargements,  along  with 
Celdspar  fragments,  are  buried  in  a  matrix  of  finer  fragmental  quartz,  which,  in  the 
red  bands,  is  mingled  with  red  oxide  of  iron  and,  in  the  white  ones,  with  dolomite. 
(Slide  477.) 

80.  Burnt  Island,  Nipigon  Bay,  Lake  Superior.    ' 

A  fine-grained,  brick-red,  very  much  indurated  sandstone,  almost  a  quartaite.  The 
predominating  quartz  is  in  interlocking  areas  each  with  a  distinctly  outlined  firag- 
roental  nucleus —  he  enlargements  having  at  times  been  very  wide— and  also  in,  the 
shape  of  an  independently  deposited  finely  divided  material.  The  feldspar  frag- 
ments are  plenty,  and  the  rock  is  stained  with  oxide  of  iron.    (Slide  491.) 

CAMBRIAN  SOCKS, 
IH  THE  6BAHD  OAHON  fiBOVP  OP  THB  COLORAIH)  UYSB. 

81.  The  Grand  Caiion  of  the  Colorado,  near  the  mouth  of  the  Little 

Colorado  Eiver,  Arizona. 

The  specimens  from  this  locality,  kindly  famished  us  by  Mr.  Walcott,  of  the  U. 
8.  Geological  Survey,  range  from  a  moderately  indurated  ftandstone  to  nearly  wholly 
vitreous  quartzite.  They  are  nearly  white  in  color,  and  consist  almost  whoUy  of 
qnartz  with  a  minute  quantity  of  iron  oxide.  The  outlines  of  the  original  fragments 
are  everywhere  distinct,  but  always  lie  some  distance  within  the  individual  areas, 
which  interlock  more  or  less  thoroughly.    (Slides  1363-1366  inclusive.) 

IN  THB  P0T8DAM  SANBSTOlf E  OF  THB  MISSISSIPPI  YALUET. 

82.  Immediately  above  unconformable  contact  with  Huronian  iron  ores, 

Cyclops  and  Korway  mines^  Menominee  iron  region,  Michigan. 

A  very  much  indurated,  btiff  to  brown  sandstone— at  times  almost  a  vitreous 
quartzite.  The  thin  section  is  composed,  almost  entirely,  of  interlocking  grains  of 
quartz,  each  '^  ith  Its  distinctly  outlined  fragmental  core.  There  is  a  little  independ- 
ently deposited  interstitial  qnartz,  and  a  little  fragmental  feldspar.  The  rock  is  iu 
no  respect  different  from  much  that  is  to  be  seen  among  the  quartaites  of  the  Huron« 
^u.    (Slides  959^  960.) 

■*FQr  description  of  thia  lock  see  Op.  cU.,  p,  133. 
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83.  Lower  Narrows  of  Baraboo  River,  from  near  contact  with  Archaean 

qaartzite. 

A  mach  indurated,  fine-graiDed  sandstoDO  carrying  qaartzite  pebbles.  The  quartz 
fragments,  originally  but  little  rounded,  are  all  strongly  enlarged,  so  that  there  is  a 
considerable  degree  of  interlocking.  There  is  also  present  some  fine  independently 
deposited  interstitial  quartz.  The  section  does  not  differ  materially  from  those  of 
many  Archsean  quartzites.    (Slide  742.) 

84.  Boche  £crit,  Adams  County,  Wisconsin. 

A  dark-purplish,  in  places  very  much  indurated  sandstone.  The  grains  are  all  en- 
larged, and  occasionally  have  crystal  faces  developed.    (Slide  749.) 

85.  Packwankee,  Marquette  County,  Wisconsin. 

A  pale,  buff-colored,  much  indurated  sandstone,  showing  only  very  rare  crystalline 
facets.  In  the  thin  section  the  grains  are  seen  to  have  been  enlarged  slightly,  so  as 
to  fit  closely  without  any  dovetailing.  Occasionally  the  enlargements  have  had.  an 
opportunity  to  develop  crystal  faces.    (Slides  731, 732.) 

86.  Black  Biver  Falls,  Jackson  County,  Wisconsin. 

A  white,  rather  coarse-grained  rock,  not  so  much  indurated  as  the  last-described, 
and  showing  more  crystal  facets,  although  not  very  plentifully.  The  thin  section  is 
much  like  that  of  the  rock  last  described,  except  that  the  enlargements  are  propor- 
tionally broader  and  have  more  often  developed  crystal  faces.    (Slides  733,  734.) 

87;  New  Lisbon,  Wisconsin. 

A  fine-grained,  pink-and-white-mottled  sandstone,  from  which  the  light  is  reflected 
in  numerous  sparkling  points.  The  induration,  while  distinct,  is  only  slight,  small 
fragments  crumbling  readily  in  the  fingers.  The  crumbled  sand  mounted  in  balsam 
shows  every  grain  enlarged,  the  lines  of  Junction  between  the  old  and  new  quartz  be- 
ing always  strongly  marked.  The  enlargements  have  in  all  oases  developed  crystal- 
line faces,  which  are,  however,  only  perfect  and  uninterrupted  upon  the  smallest  of 
the  grains.  In  most  cases  they  are  more  or  less  indented  by  the  enlargements  of  con- 
tiguous grains.  This  rock  may  be  taken  as  '\  type  of  the  crystal-faceted  sandstones. 
(Slides  710  to  716  inclusive. )    (See  Figs.  4, 5, 6,  Plate  II. ) 

88.  Middleton,  Dane  County,  Wisconsin. 

A  fine-grained,  loose,  white  sandstone,  showing  the  grains  sparkling  from  crystal 
facets.  The  balsam  mounting  of  the  sand  crumbled  from  the  rock  shows  the  grains 
with  the  usual  cores  and  crystal  outlines.    (Slides  1469,  1470.) 

IH  THB  EASTERN  SANDSTONE  OP  LAKE  BVPEBIOB. 

89.  West  Branch  of  the  Ontonagon  Eiver  (Sec.  13,  T.  46,  R.  41  W., 

Michigan). 

A  reddish,  coarse-grained,  indurated  sandstone.  The  quartz  fragments  which  make 
up  the  rock  have  all  been  enlarged,  sometimes  very  much  so,  so  as  to  interlock. 
There  is  also  some  independently  oriented  fine  interstitial  quartz.  Some  much  red- 
dened, feldspathic  detritus  is  included.    (Slides  95,  96,  97.) 

90.  Quarry  on  Torch  Lake  Bailroad,  Keweenaw  Point,  Michigan. 

A  white  to  pinkish,  feebly  indurated  quart zose  sandstone.  Some  of  the  less  in- 
durated portions  show  numbers  of  faceted  grains.  The  slide  here  described  is  from 
one  of  these  less  indurated  portions.  It  is  seen  to  be  made  up  almost  entirely  of  much 
rolled  quartz  fragments,  which  have  in  nearly  every  instance  been  enlarged,  the  en- 
largements only  occasionally  showing  crystalline  outlines.    These  crystnl  outUneg 
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are,  however,  more  freqaently  to  be  seen  in  the  balsam  mounting  of  ommbled  sand. 
They  are  not  nearly  so  numerous,  however,  as  in  some  of  the  rooks  previously  de- 
i»crit>ed,  the  grains  having  interfered  too  much  to  form  crystal  outlines.  The  outlines 
of  the  original  grains  are  usually  very  strongly  marked  by  brownish  iron  oxide. 
There  are  occasional  rounded  fragments  of  feldspar  present,  and  in  each  thin  section 
may  be  seen  a  few  particles  worn  from  some  of  the  fine-grained  Keweenawau  erupt- 
ives.    (See  Figs.  7, 8, 9,  Plate  II.)    (SUdes  513, 514, 1471, 1472, 1473.) 

See  with  regard  to  this  rock  also  Copper-Bearing  rocks  of  Lake  Superior,  pp.  356- 
35b.  See  also  for  an  earlier  description  M.  E.  Wadsworth  in  Bull.  Mus.  Comp.  Zool., 
Vol.  VII,  No.  l,p.  117.  Wadsworth  found  the  crystal-outlined  grains  abundantly  in 
bis  sections,  although  we  failed  to  do  so  in  ours  until  recently.  He  regarded  these 
crystal  grains  as  being  the  usual  dihexahedral  crystals  of  quartz-porphyries,  on  which 
view  the  crystals  antedate  the  formation  of  the  sandstone  instead  of  being  subse- 
quent to  it.  More  recently  (Science,  Vol.  II,  No.  23,  p.  52,  July  13, 1883)  he  has  reas- 
serted this  view.  But  a  careful  re-examination  of  this  rock,  as  also  of  others  from 
other  places  within  the  area  of  the  Lake  Superior  sandstone,  has  served  to  convince 
US  that  in  all  of  these  cases,  as  in  all  sandstones  yet  examined  by  us,  provided  with 
such  faceted  grains,  they  owe  their  crystal  faces  to  secondary  enlargements  of  rolled 
fragments.  It  is  of  course  possible  and  even  probahle  that  these  quartz  fragments 
were  once,  some  of  them,  the  quartzes  of  quartz  porphyries,  but  if  so  they  have  rarely, 
if  ever,  retained  their  crystal  faces,  as  it  is,  indeed,  hardly  conceivable  that  they 
should  do. 

01.  Quarries  at  Marquette,  Mich. 

A  reddish,  fine-grained  sandstone,  showing  numerous  minute  glistening  flakes  of 
mica.  Quartz  fragments  make  up  rather  more  than  half  of  the  rook,  many  of  the 
grains  being  finely  complex.  The  simple  quartz  grains  are  mostly  very  anguliir; 
many  of  them  show  very  distinct  enlargements.  The  remainder  of  the  rock  is  com- 
posed chiefly  of  fragments  of  feldspar,  including  othoclase  and  plagiodase,  with 
chlorite,  brown  iron  oxide,  and  muscovite  flakes,  the  chlorite  having  resulted  from 
the  alteration  of  the  feldspars.  The  plagioclase  includes  quite  a  number  of  large-sized 
l>ieceti  of  iricrodine. 

92.  Near  Bocklaud.    South  of  the  Trap  Baoge  (S.  E.  ^,  Sec  7,  T.  50,  B. 

39  W.,  Michigan). 

A  fine-grained,  feebly  indurated,  pinkish,  quartsose  sandstone,  sparkling  fiY>m  pres- 
ence of  crystal  facets,  each  quartz  fragment  being  enlarged,  the  enlargements  being 
often  provided  with  erystalline  outlines.     (Slides  1475, 1476.) 

IK  THE  WB8TBBN  SANDSTONE  OP  LAKE  SVPEIUOB. 

93.  Basswood  Island,  Ashland  County,  Wisconsin. 

A  fine-grained,  feebly  indurated,  white  sandstone,  containing  besides  the  quartz 
many  feldspar  fragments.  The  quartzes  are  often  enlarged,  the  enlargements  being 
in  many  cases  supplied  with  crystal  facets.    (Slide  53,  Wis.  sur.  series.) 

SILURIAN  ROCKS. 
IN  THE  SAINT  PETER'S  SANDSTONE  OF  WISCONSIN. 

94.  Near  Lancaster,  Grant  County,  Wisconsin.  : 

This  rock  is  represented  in  our  list  only  by  slides  kindly  furnished  by  the  Bev.  A.  A. 
Young,  of  New  Lisbon,  Wis.  They  are  dry  mountings  of  the  sand  crumbled  by  hand 
from  the  rock.  The  grains  are  famished  with  crystal  facets  from  secondary  deposi- 
tion."   (Slides  707  to  711.) 

•  s^Amer.  Jour  Sci.,  July,  1883. 
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95.  Arlington  Prairie,  Oolambia  Ooanty,  Wisconsin. 

The  ArliDgton  Prairie  is  part  of  a  large  elevated  area  nnderlaiD  by  the  Lower 
Magnesian  LimeBtone,  bat  dotting  it  here  and  there  are  small  oatliers  of  the  Saint 
Peter's  sandstone.  A  group  of  these  ontliers  ocours  in  the  southwestern  part  of  the 
t«wn  of  Arlington."  Most  of  the  rock  of  these  outliers  is  quite  loose,  and  of  the  ordi- 
nary character  of  the  Saint  Peter's  sandstone.  Along  its  weathered  surfiMse,  however, 
and  along  the  sides  of  Joint  cracks,  it  is  very  much  indurated,  becoming  even  a  com- 
pletely Titreous  qnartzite  for  the  distance  of  one-fourth  or  one-half  an  inch  inwards 
fh>m  the  surface.  Sections  of  this  completely  vitrified  portion  show  the  quartz  frag- 
ments with  enlargements  that  everywhere  fit  closely  together  or  interlock,  but  sec- 
tions taken  from  an  inch  or  two  below  this  crust  show  the  enlargements  frequently 
Aunished  with  crystal  ilAcets,  the  enlargements  having  interfered  with  one  another 
solBoiently  to  give  a  slight  induration.  Fig.  1,  Plate  III,  shows  the  appearance  of  a 
thin  section  of  this  less  indurated  portion  as  seen  in  the  ordinary  light.**    (Slide  7t4). 

M.  Oibraltar  Blnff,  Colombia  Oonnty,  Wisconsin. 

A  very  much  indurated,  fine-grained  rock,  in  which  a  fine  arenaceous  texture  is 
visible  only  upon  the  closest  inspection.  The  rock  is  one  which,  if  found  among  the 
orystalliiie  schists,  would  undoubtedly  be  classed  as  a  true  qnartzite;  and  the  appear- 
ance of  the  thin  Motion  would  entirely  bear  out  this  classification.  It  is  made-  up 
only  of  i&terloeking  grains  of  quartz  of  two  very  di£ferent  sizes,  the  larger  ones  pre- 
dominating. The  large  ones  of  these  areas,  and  many  of  the  smaller  ones,  show  each 
a  more  or  less  plainly  outlined  fragmental  nucleus.  The  areas  interlock,  often  very 
intricately,  and  in  every  possible  sense  the  rock  is  Ailly  as  ''motamorphic''  as  any 
qnartzite  yet  studied  from  the  Arch»an  formations,  and  yet  it  is  a  mere  local  phase 
wholly  independent  of  any  igneous  or  other  apparent  metamorphosing  action,  in  a 
formation  whose  ordinary  character  is  that  of  an  incoherent  sandstone.  In  no  Ar- 
ohssan  qnartzite  that  we  have  examined  is  the  interlocking  of  the  quartz  areas,  and  the 
consequent  appearance  of  complete  original  crystallization,  more  marked  than  in  this 
Banditone.««    See  Fig.  1,  PI.  Y.    (SUde  727.) 

IN  THX  KVBBKA  QVABniTB  OF  HITADA. 

97.  Eoreka,  Kevada. 

This  rock  and  the  three  foUowing  are  the  ones  in  which  Hague  and  Iddings  noted 
enlargements  of  quartz  grains  as  long  ago  as  the  summer  of  1881.  They  will  be  found 
fully  described  in  Hague's  monograph  upon  the  Eureka  district.  Mr.  Hague  has  been 
kind  enough  to  furnish  us  specimens  and  slides  for  the  purpose  of  comparing  them 
with  quartzites  which  we  had  examined.  The  specimen  of  Eureka  qnartzite  furnished 
by  Mr.  Hague  woold  be  classed  by  us  as  a  semi-vitreous  qnartzite.  The  enlargements 
of  the  quartz  fhkgments  of  which  the  rock  is  composed  has  produced  close  fitting  but 
never  any  considerable  interlocking.  But  still  the  rock  is  fully  as  much  altered  as  any 
of  the  tme  Hnronian  quartzites. 

DEVONIAN. 

98.  Sandstone  firom  the  White  Pine  shale,  Eureka,  Nevada. 

A  flne-grained,  strongly  indurated  sandstone,  composed  of  fragments  of  quartz  and 
of  chaloedonio  or  amorphous  silica.  The  quartz  fragments  are  often  enlarged  and 
are  sometimes  furnished  with  crystal  faces.    (Slide  1436.) 

«  Geol.  of  Wis.,  vol.  H,  p.  583. 

"  For  figures  drawn  from  the  vitrified  crust  of  this  rock  see  J^er.  Jonr.  SoL«  Jnne^ 
1883,  p.  407. 
**Amer.  Jour«  Sci.,  June,  1883,  p.  408. 
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CAEBONIFERO  U8. 

99.  EQAka,  Nevada,  Diamond  Peak  qnartzite. 

A  fiD«-^imin6d,  greenish-drab,  feldtpathio  qaarteite.  In  the  fhin  aeotion  feldflpsr, 
often  mn^  altered,  is  seoo  to-  compose  a  large  proportion  of  the  rock.  The  minnte 
grains  of  quarts  show  relatiTcly  wide  enlargements.    (Slide  1368.) 

TBlASSia 

100.  Heniy  Mfmntains,  Utah. 

A  light-gray  to  pinkish,  fine-grained,  feebly  indurated  sandstone  from  near  contact 
with  one  of  tb»  laocoUtes.  Small  rounded  grains  of  quarts  compose  the  larger  part 
of  the  rock.  These  hare  often  been  enlarged,  and  the  enlargements  fit  Somewhat 
closely.  There  are  some  grains  of  feldspar  and,  interstitially,  calcite,  fine  quarts, 
clayey  material,  and  iron  oxide.    (Slide  1367.) 

CBBTACB0U8. 

m 

101.  Oonrtlandt^  Nicollet  Oonnty^  Minnesota. 

A  light-gray,  compact,  calcareous  sandstone,  consisting  of  quarts  fhigments  em- 
bedded in  a  matrix  of  crystalline  calcite.  The  quarts  fhigments,  only  raiely  in  eca- 
iaet  with  each  other,  haTO  quite  often  been  enlarged.    (Slide  1384.) 
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BNIiARGBMBNTS  OF  FEIiDSPAR  FRAGMENTS  IN  CERTAIN 

KEWEENAW  AN  SANDSTONES. 


By  0.  R.  Van  Hise. 


For  some  time  past  I  have  been  on  the  oatlook  for  evidence  of  the 
secondary  enlargement  of  feldspar  fragments.  In  the  slate  conglom- 
erates of  the  north  shore  of  Lake  Huron  (as  mentioned  in  Part  I  of 
this  bulletin)  I  have  found  what  may  be  enlarged  feldspar  grains,  bat 
the  evidence  is  not  sufficiently  satisfactory  that  any  of  the  material  is 
of  secondary  origin^  the  lines  of  separation  between  the  supposed  new 
material  and  the  nuclei  being  illy  marked.  However,  I  have  found  what 
seem  to  be  additions  to  grains  of  that  mineral  in  certain  of  the  Eewee- 
nawan  feldspathic  sandstones.  The  specimens  in  which  the  supposed 
enlargements  were  first  found  are  taken  from  those  portions  of  the  sand: 
stones  almost  in  contact  with  overlying  basic  eruptiveSi  This  position 
is  evidently  a  favorable  one  for  the  development  of  such  enlargements, 
the  heated  alkaline  waters  which  would  naturally  descend  t^upplying 
appropriate  conditions.  Then,  too,  quartz  enlargements,  when  most 
easily  found,  are  shown  by  lines  of  ferrite  about  the  nuclei,  and  are  or- 
dinarily best  seen  in  the  less  indurated  quartzites.  The  Keweenawan 
sandstones  are  highly  ferruginous,  and  are  of  an  open  texture ;  hence, 
if  in  them  the  feldspar  fragments  have  taken  new  growths,  the  condi- 
tions for  their  detection  are  favorable. 

The  feldspathic  sandstone  immediately  underlying  the  diabase  of 
Eagle  Harbor,  Michigan,  is  of  a  uniform  medium  grain,  a  magnifying 
glass  showing  but  little  quartz.  The  feldspar  grains  are  stained  red 
with  iron  oxide.  Hydrochloric  acid  gives  with  the  powder  a  slight  effer- 
vescence. In  the  thin  section  the  sandstone  is  seen  to  be  composed 
largely  of  grains  of  different  feldspars,  next  to  which  in  abundance  are 
rounded  complex  fragments  derived  from  a  grauitic  porphyry,^  con- 
sisting of  feldspars  penetrated  by  a  saturating  quartz.  Then  follow  in 
order  of  abundance  complex  fragments  of  some  altered  basic  rocks. 
Finally,  a  few  grains  of  quartz  and  a  little  secondary  calcite  are  noted. 

The  feldspars  are  frequently  somewhat  kaolinizt^d,  but  most  of  the 
grains  are  fresh  enough  to  give  quite  uniform  colors  in  polarized  light, 
and,  in  the  cases  of  the  plagiociases,  well  defined  twinning  bands.  The 
grains  are  all  rounded,  their  boundaries  being  broad  lines  of  ferrite. 
However,  some  subsequent  mineral  has  used  these  grains  as  nuclei 
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about  which  to  deposit,  and  now  each  iDdividnal  appears  iu  tbe  polar- 
izi'd  light  to  extend  Ixiyond  its  original  limits.  The  newly  formed  bor- 
ders as  compared  to  Ibo  interiors  are  different,  in  that  they  show  no 
decom position  and  are  freer  from  iron  stains.  When  the  borders  from 
differeot  feldspathic  grains  have  extended  so  far  as  to  come  in  contact, 
as  they  nsnally  have  done,  they  form  sharply  serrate,  nicely  fitting 
jnnotions,  ronghly  comparable  to  the  antare  of  a  skull  (Fig.  1). 


Fig.  1.— Poitlauof  McUonof  Ekgle  Harbor  Huidstooe  eoluged  SO  diuoetan.  AAA.  felilipar  ftig- 
bmdU,  bmuidad  bf  oijde  of  IrOD  burden,  aaa.  oataide  of  vblch  kre  eDUrgeDHmU.  BBB,  of  lb*  gnlnB 
polufiinglo  Msh  sue  with  (bt  odcIhiI  ft«j(iD«dt  «■  huUcnled  b;  tbo  abadlng.    C  l>  ■  qnirti  fntg- 

'   ~  ~  ipwwa,  knd  B  nippoMd  Kcondarr  fddqAn  polariilng  iDdapendBnU;  of  ths  origliud 


This  newly  added  material  appears  to  be  feldspar,  which  has  co-onli- 
nated  crystallographtcally  with  the  grains  about  which  it  has  dppo<iited. 
It  possesses  no  optical  properties  which  wonid  exclude  that  mineml, 
but  cleavage  and  decomposition  being  absent,  no  comparison  with  feld- 
spars can  be  made  as  to  those  characteristic  features.  The  belief  that 
the  new  material  is  feldspar  is,  however,  based  upon  the  following  facts : 

When  the  enlarged  feldspar  is  orthoclase,  tbe  deposited  snlistance 
polarizeB  uniformly  with  the  nncleas  about  which  it  is  seen  (Fig,  1 )  ex- 


ng.  t.—BnUrged  ftagmmit  of  IHcllnlc  feldatur  In  tbe  EiRle  HaiboT  snndntnue,  nhadei)  ai 
■hnrhowlbc  fngmmtiind  eatorgeiueDt  poUrUe  togvther.  Tho  bUck  liui.- iitbe  beaTjoilMci 
botd«r  of  tha  original  rntgmsiit. 
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aotly  u  quartz  culargemeDtB  polarise  with  the  grains  on  which  they 
hare  grown.  Further,  when  plaRioclaM  fragments prwent  theenlarge> 
ments,  as  they  ft'eqoently  do,  the  new  material  is  twinned  anifqrmly 
with  the  old,  the  twinning  bands  in  polarized  light  running  directly 
across  cores  and  borders  (Fig.  2).  This  phenomenon  was  observed  in 
many  different  grains  and  in  different  sections. 

Again,  the  complex  Ihtgmeuts  above  mentioned  as  derived  from  a 
granitic  porpl>yi7i  containing  qnajtz  and  feldspar,  often  have  enlarge- 
ments, aud  the  added  portions  resemble  and  nsnally  polarize  with  the 
feldspars  instead  of  with  the  quartz,  with  which  they  would  naturally 
co-ordinate,  if  with  either,  were  they  composed  of  silica.  Freqnottly 
the  eulai^cments  of  this  class  of  grains  are  apparently  all  of  feldfqiar, 
wen  when  a  half  or  more  of  the  edges  of  the  original  fragments  (and 
in  some  places  for  considerable  spaces  contiuaonsly)  are  qnattz  (Fig.3). 


nf .  I  InltrpiJ  bagBMUt  of  taldipar,  Isdndlni  ■ong  qaarta,  tnaa  tb*  b(U  Hubor  tinJrtm 
Th*  (htdlDg  ibowi  th*  Mdipar  ftvgnaDt  polnUlng  witb  tbe  nnoleu,  erai  «h««  not  la  B«at«Bt  with 
It.    Tb*  bUek  Un  li  tk*  oild*  ol  Imi  bPids  of  the  orlclul  fngmsat. 

Finally,  tbe  complex  basic  fragments  also  have  enlargementa.  These 
basic  grains  are  often  very  feldspatbic,  the  feldspar  individuals  being, 
however,  small.  Hete  aborder,  instead  of  being  a  unit,  as  itoommooly 
is  in  the  preceding  cases,  consists  of  several,  or  many  individnals.  Th« 
feldspars  at  the  edge  of  the  nucleus  appear  to  have  controlled  the  new 
growth,  so  that  tbe  new  material  polarizes  with  them  in  separate  parl«. 
These  parts  hare,  however,  often  extended  npon  each  side  beyond  the 
immediately  adjacent  feldspars  of  the  noclens,  and  thne  at  times  over- 
lapped other  feldspars  whose  conditions  were  less  favorable  for  renewed 
growth,  or  other  minerals,  if  such  chance  to  be  in  contact  with  tb« 
division  line  twtween  tbe  fragment  and  its  border. 

Tbe  change  which  has  t^en  place  in  one  grain  of  orthoclase  Is  of 
some  interest.  Tbe  grain  has  been  broken  into  two  parts,  which  have 
t'pread  somewhat,  and  is  now  cemented  with  a  new  material  which 
eztingnisbes  with  the  original  fivgments,  and  also  with  the  exterior 
second  growth  with  which  it  is  contiunons  in  one  place  (Fig.  4.) 

In  some  cases  the  new  material  deposited  on  a  grain,  instead  of  oon- 
tinoing  as  a  single  individoal  antil  it  meets  a  similar  growth  from  an- 
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other  gtiia,  bos  crystallized  lodepeDdeDtly  in  small  iaterlooking  graina 
(Fig.  I).    This  indepeodent  feldspar  (if  I  am  ooirect  in  so  eODBidering 


nX'  *.— Ad  snlBrged  Aiicinentof  orthoclue  fram  tfas  Eagla  BubOT  uuddOD*.  TU*  fngiiMBl  Kaa 
bern  bnken  leriMa  Hud  «meiit(d  b;  k  muteriiil  thit  potuliu  -with  the  eriglBal  frafmeat  and  tha 
fDlirgnnant.    Tbs  bluk  liBa  li  tba  oilde  of  Iron  bordar  of  tba  orlgSna)  tTafmeBt. 

ii)  is  more  plentifal  about  the  basic  fragments  than  about  the  feldspar 
craiiiH  or  those  of  the  granitic  porphyry. 

Uncovered  thin  sections  were  examined  with  acid,  and  the  supposed 
ffldnpar  enlargementa  found  not  to  be  affected.  An  attempt  to  test 
Tiir  liurduens  was  not  very  successful.  Micro-chemical  tests  from  the 
tiiiiiirc  of  the  ease  coald  hardly  be  applied. 

This  same  secondary  material  has  been  found  in  other  localities  in 
t  be  Keweenaw  series,  and  in  two  cases  the  sandstone  directly  underlies 
vraptive  greenstoDe. 
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Genesis  ofHuronian  quartzitee. — ^All  the  true  qnartzitee  of  the  Hnronian 
are  merely  sandstones  which  have  received  various  degrees  of  indnration 
by  the  interstitial  deposition  of  a  siliceous  cement,  which  has  generally 
taken  the  form  of  enlargements  of  the  original  quartz  particles,  less 
commonly  of  minute  independently  oriented  areas,  and  still  less  com- 
mdnly  of  chalcedonic  or  amorphous  silica;  two,  or  even  all,  of  the  three 
forms  occurring  at  times  in  the  same  rock.  There  may  have  been  in 
some  cases  some  solution  and  redeposition  of  the  original  quartz  mate- 
rial, but  in  the  main  these  rocks  are  still  made  up  of  the  fragmental  con- 
stituents that  composed  them  before  induration,  the  fragments  retaining 
for  the  moat  part  their  original  contours.  That  these  qnartzites  are  but 
altered  sandstones  is,  of  course,  a  truth  which  has  long  been  generally 
recognized;  it  is  the  nature  of  the  alteration  that  has  not  been  under- 
stood. 

It  should  be  said  that  the  term  ^'  Huronian  "  is  here  used,  provisionally 
at  least,  to  cover  (1)  the  original  Huronian  on  the  north  shore  of  Lake 
Huron,  east  of  Sault  Sainte  Marie ;  (2)  the  iron-bearing  formation  of  the 
Marquette  and  Menominee  regions  of  Michigan  and  Wisconsin;  (3)  the 
slaty  rocks  of  the  Wisconsin  Valley  in  the  vicinity  of  Wausau ;  (4)  the 
iron-bearing  rocks  of  the  Penokeo-Agogebic  range  of  Northern  Wiscon- 
sin and  Northwestern  Michigan ;  (5)  the  cleaved  slates  of  the  Saint 
Louis  and  Mississippi  Bivers  in  Minne^sota ;  (6)  the  qnartzites  of  the 
Chippewa  Eiver  region  of  Western  Wisconsin ;  (7)  the  iron-bearing 
schists  of  Black  Biver,  Wisconsin ;  (8)  the  qnartzites  of  the  Baraboo 
region.  Southern  Wisconsin ;  (9)  the  red  qnartzites  and  sandstones  of 
Southwestern  Minnesota  and  Southeastern  Dakota;  (10)  the  Animikie 
series  of  the  Thunder  Bay  region,  on  the  north  shore  of  Lake  Superior, 
and  thence  southwestward  to  Pokegama  Falls,  on  the  Mississippi  Elver; 
and  (11)  some,  at  least,  of  the  folded  schists  of  the  national  boundary 
line. 

Huronian  qnartzites  no  more  '<  metamorphic^  than  numerous  sandstones 
of  later  formation. — ^Without  perhaps  being  definitely  so  stated,  the  gen- 
erally accepted  view  with  regard  to  the  production  of  qnartzites  from 
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^ndstones  has  iududed  the  idea  of  a  more  or  less  thorough  moleculai* 
^arrangement  and  recrystallization  of  the  original  fragmental  material^ 
^loartzites  having  generally  been  classed  as  metamorphic  or  oft/en  even  as 
<a78talline  rocks.    Bnt,  so  far  as  the  Archsean  qnartzites  of  the  North- 
west are  concerned,  it  appears  that  they  have  undergone  no  other  alter- 
ation than  that  found  to  affect  sandstones  in  the  later  and  unaltered 
formations  in  all  i)eriods  down  to  the  Cretaceous.    Irregular  areas,  and 
dt  times  mere  surface  films  ^  in  the  otherwise  unaltered  horizontal 
Potsdam  and  Saint  Peter's  sandstone  in  the  Mississippi  Valley  have  been 
chauged  to  vitreous  qnartzites,  indistinguishable  microscopically  and 
^nacroscopically  from  the  qnartzites  of  the  Archaean,  while  great  beds 
^^  as  completely  indurated  quartzite  as  any  of  the  Huronian  are  met 
"^Hh  in  the  unaltered  Paleozoic  formations  of  the  West.    These  later 
^^artzites  are  plainly  due  to  the  interstitial  percolation  of  silica-bearing 
^^ters,  and  to  the  same  cause  must  be  attributed  the  induration  of  the 
^Uronian  qnartzites.    In  the  case  of  the  qnartzites  of  the  indurated  por- 
^cds  of  the  Potsdam  and  Saint  Peter's  sandstones,  no  possible  connection 
^th  any  igneous  action  can  be  conceived,  the  surface  crusts  being  due 
^  a  mere  weathering,  the  interstitial  silica-bearing  waters  having  been 
"^Irawn  to  the  surface  by  evaporation  and  capillary  action.    These  crusts 
'^.re  particularly  interesting,  because  they  are  evidently  in  process  of 
^rmation  at  the  present  time,  occurring  wherever  the  accidents  of  denu- 
^^Sation  have  produced  exposed  surfaces  of  the  rock,  and  one  cannot  con- 
^^ive  that  either  heat  or  pressure  is  concerned  in  their  production,  and 
^et  they  are  as  completely  vitreous  and  crystalline  as  any  of  the  true 
qnartzites  of  the  Huronian. 

In  the  case  of  the  qnartzites  of  the  Huronian  and  other  formations 
"Where  there  is  much  interstratified  eruptive  material,  the  latter  may 
^bave  been  the  source  of  heated  silica-bearing  solutions,  but  I  can  see 
^o  reason  to  believe  that  there  has  been  any  other  causal  relation  be- 
tween igneous  action  and  the  induration  of  the  sandstones  than  this. 

It  is  of  interest  to  note  in  this  connection  that  since  the  qnartzites  of 
i;he  various  Huronian  areas,  and  indeed  the  larger  part  of  the  other 
non-eruptive  Huronian  rocks,  are  in  no  sense  more  altered  than  any  fos- 
sil-bearing qnartzites,  etc.,  of  later  formations,  it  may  be  taken  as  quite 
<»rtain  that  the*failure  thus  far  to  find  fossils  in  the  Huronian  is  not  to 
he  attributed  to  their  destruction  by  metamorphic  action,  but  rather  to 
an  actual,  original  barrenness  of  the  series. 

Other  rocks  in  the  Huronian  tluin  true  quartzites  have  been  affected  by  a 
Miceous  induration, — It  also  appears  that,  besides  the  true  quartzites, 
other  rocks  of  the  Huronian — ^for  instance  the  graywackes — ^in  which 
quartz  is  merely  a  subordinate,  or  at  least  not  the  principal,  ingredient 

**  See  Hawes's  Lithology  of  New  Hampshire,  p.  239 ;  Dana's  Geology,  p.  70 ;  Gtoikie's 
Geology,  p.  117, 127 ;  Hawes  noticed  the  complex  character  of  some  of  the  quartz  frag- 
ments of  certain  New  Hampshire  qnartzites,  and  took  it  to  mean  that  these  grains  had 
heesa  recrystallized  rather  than  that  they  were  originally  complex. 
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have  been  affected  by  the  same  sort  of  siHceoas  ind oration,  the  indnrat- 
ing  Bilica  occnrring  both  as  enlargements  of  the  quartz  fragments  and 
independently  of  them.  Accompanying  this  induration  there  hasbeea 
at  times  a  replacement  of  feldspathic  material  by  quartz,  and  the  alter- 
ation of  feldspar  to  chlorite,  the  chlorite  occurring  both  as  a  pseudo- 
morphic  substitute  for  the  feldspars,  and  independently  crystallized  in 
the  interstices.  Probably,  also,  the  feldspar  fragments  have  received 
secondary  enlargements  analogous  to  those  described  by  Mr.  Van  Hise 
in  Part  II  of  this  paper.  By  one  or  more  of  these  processes  rocks  have 
been  changed  so  as  to  present  macroscopically  and  microscopically  the 
appearance  of  more  or  less  complete  original  crystallization,  and  yet 
they  are  made  up  almost  entirely  of  the  original  fragmental  material,  the 
alteration  which  they  have  undergone  having  been  merely  metasomatic^ 
and  not  '^  metamorphic  "  as  the  term  is  generally  understood. 

Besides  the  graywackes  some  at  least  of  the  mica-schists  of  the  Ha- 
ronian  are  mainly  made  up  of  the  original  fragmental  material,  unal- 
tered, in  some  ca^es  mingled  with  mica  that  appears  to  have  developed 
tV  sitUj  the  quartz  grains  often  showing  enlargements. 

^^  Metamorphism^  in  the  Huronian  generally. — In  the  various  Hnron- 
ian  areas  above  enumerated,  one  or  more  of  quartzites,  graywackes, 
and  clay  slates,  with  intermediate  phases,  make  up  most  of  the  series^ 
from  which  it  follows  that  the  bulk  of  the  Huronian  is  made  up  of  rocks 
not  properly  falling  under  the  term  metamorphic^    I  may  say,  indeed, 

3^  I  am  aware  that  the  Huronian  has  often  been  spoken  of  as  charaoterized  mainly  by 
other  rocks  than  quartzites.  In  ''Azoic  Rocks"  (Sec.  Geol.  Siir.  Penn.,  p.  70. )»  Hunt 
speaks  of  Murray's  first  exploration  of  the  north  shore  of  Lake  Huron  as  showing  the 
existence  there  of  *'  a  great  series  «f  ohloritio  slates  and  conglomerates  with  interstrati- 
fied  greenstones,  quartzit^  and  limestones.''  Murray's  own  words  (Report  (}eoL 
Snr.  Canada,  1847-1848,  p.  109)  are,  "A  set  of  regularly  stratified  masses,  consisting 
of  quartz  rocks,  or  altered  sandstones,  conglomerates,  slates,  and  limestones,  inter- 
stratified  with  beds  of  greenstone."  **  Under  the  denomination  of  slates  are  included 
yarious  thinly  laminated  dark  green,  blackish,  and  reddish  rocks,  some  of  which  are 
Tery  chloritic  and  some  contain  epidote."  In  Logan's  description  of  the  series  (CofeoL 
of  Canada  1863,  p.  55,  and  atlas  to  the  same,  Plate  III)  the  Huronian  section  betweeo 
the  Mississangi  and  Saint  Mary's  Rivers  is  made  to  include  10,820  feet  of  quartzites^ 
4,280  feet  of  slate  conglomerates,  2,000  feet  of  *'chloriUc  and  epidotic  slates  and  trap- 
like beds,"  and  900  feet  of  limestone  and  chert.  Of  the  *'  slate-conglomerates  "  a  large 
proportion  is  qnartzite,  the  balance  being  the  graywacke,  graywacke-slates,  and  gray-* 
wacke-conglomerates  of  the  first  part  of  this  paper.  It  should  be  said  that  the  vari- 
ous intercalated  greenstone  layers  of  the  series  are  included  by  Logan  in  these  meas- 
urements. Having  carefully  examined  the  ground  myself,  I  am  convinced  of  the 
general  correctness  of  Logan's  section.  At  least  two-thirds  of  the  series  is  made  up 
of  qnartzite.  Of  the  balance  the  graywackes  of  the  slate-conglomerate  make  up  at 
least  one-half.  Of  the  remaining  sixth,  one-third  is  limestone  and  chert  and  the  ^^^1- 
ance  *  *  chloritic  and  epidotic  slates,  and  trap."  But  these  chloritic  and  epidotic  slates, 
which,  although  so  insignificant  a  portion  of  the  series,  have  been  made  to  serve  as 
its  most  prominent  characteristic,  are,  as  I  have  convinced  myself  by  examining  them 
in  their  typical  development  east  of  Thessalon  Point  and  in  the  thin  sections,  merely 
eruptive,  diabasic  greenstones  in  various  degrees  of  alteration.  It  is  possible  that 
the  occurrence  of  the  greenish  chloritic  graywackes  in  the  slate-conglomerates  has 
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althoagh  the  matter  cannot  be  discnssed  in  this  place,  that  as  my 
fitndies  progress,  rocks  in  the  Hnronian,  to  which  the  term  <^  metamor- 
phic" — meaning  that  they  are  altered  from  fragmental  sediments,  bnt 
now  consist  chiefly  or  wholly  of  material  crystallized  in  sitn — would 
properly  apply,  grow  fewer  and  fewer,  those  that  remain  being  re- 
stricted almost  entirely  to  regions  where  the  series  is  highly  folded. 

Mineral  enlargements  in  rook  alteration  generally. — ^The  wide-spread 
importance  of  the  enlargement  of  quartz  fragments  in  the  production 
of  qnartzites  and  other  qaartz-bearing  indurated  rocks  being  proved, 
naturally  the  lithologist  is  led  to  query  as  to  whether  fragments  of 
other  minerals,  each  after  its  kind,  may  not  have  received  secondary 
enlargements,  and,  if  so,  how  far  such  enlargements  may  have  been  con- 
cerned in  the  production  of  ^'  metamorphic  rocks."  As  a  partial  answer 
to  this  query  we  can  offer  the  enlarged  feldspar  fragments  of  certain 
Keweenawan  sandstones,  described  in  Part  II  of  this  bulletin,  and  the 
apparent  enlargements  of  feldspar  fragments  in  certain  of  the  feld- 
spathic  gray wackes  of  Lake  Huron.  Further  than  this  we  have  as 
jet  nothing  to  offer.  Certainly  the  field  is  one  deserving  of  investiga- 
tion. We  have  not  studied  any  gneisses  or  similar  rocks  since  our 
attention  was  drawn  to  this  matter.  Theoretically,  one  can  easily  see 
how  such  enlargements  might  be  of  great  importance  in  the  production 
of  the  crystalline  schists,  the  enlargements  being  accompanied,  perhaps, 
hy  partial  solution  of  the  fragmental  material,  and  by  processes  of  re- 
placement and  pseudomorphism,  and  by  some  recrystallization,  press- 
ure coming  in  to  produce  the  foliation.  As  noted  before,  Bonney  has 
already  suggested  the  importance  of  this  matter  of  enlargement  of 
mineral  fragments.  His  words  are  worth  quoting  here  in  full.  Speak- 
ing of  certain  banded  crystalline  schists  of  the  Lizard  district,  Corn- 
wall, England,  he  says : 

'^It  seems,  then,  possible  to  me  that  in  these  and  in  some  of  the  cu- 
riously-banded rocks  in  the  upper  groups,  many  of  the  constituents 
may  be  in  part  original.  I  do  not  mean  that  any  one  grain,  as  it  now 
stands,  is  an  original  constituent;  crystallization  in  sitUy  especially  in 
the  case  of  hornblende  and  mica,  has  taken  place  to  a  large  extent.  In 
the  more  minutely  crystalline  schist,  the  original  structure  is  very  prob 
ably  wholly  obliterated.  Still,  these  large  feldspar  grains,  for  instance, 
may  have  as  their  nucleus  feldspar  grains  which  were  original  constit- 
uents, and  may  have  survived  the  dissolution  of  the  finer  sedimentary 
materials  in  which  they  were  imbedded.  Then,  in  the  process  of  recon- 
fititution,  feldspar  (not  {perhaps  always  of  the  same  species)  may  have 
been  added  to  feldspar,  quartz  to  quartz,  mica  to  mica,  and  hornblende 
to  hornblende  or  altered  augite.    This  traces  of  the  minuter  structure  of 

^Mmtiibated  to  the  idea  that  ohloritic  and  epidotio  cryBtalline  rooks  are  its  main  char- 
acteristics. The  type  Hnronian,  then,  i.  e.,  that  of  the  area  between  the  Mississangi 
and  Saint  Mary's  Riyers,  shonld  be  deeoribed  as  a  great  quartzite  series,  including  sab- 
«rdinate  qnantitiosof  graywacke,  limestone,  chert,  and  emptiye  greenstones. 
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the  original  rock,  even  in  a  highly  metamorphosed  series,  may  now  and 
then  remain.  In  those  beds  where  the  chemical  composition  of  the 
constituents  facilitated  change,  or  where  the  materials  were  finely  lev- 
igated, the  agents  of  metamorphism  reduced  the  whole  to  a  mere  pulp 
(if  the  expression  be  permissible)  from  which  the  present  mineral  con- 
stituents crystallized,  almost  as  they  would  do  from  the  magma  of  an 
igneous  rock;  but  in  other  cases,  only  a  portion  of  the  material  was. 
reduced  to  this  condition,  and  those  constituents  which  remained  undi- 
gested would  form  nuclei  around  which  the  other  minerals  would  crys- 
tallize, and  would  so  continue  to  boar  testimony  to  the  original  history 
of  the  rock  itself.  Thus  the  explanation  of  those  granitoid  bands,  iiL 
some  cases  so  curiously  like  granite  veins,  may  be  that  originally  they 
were  a  rather  coarse  quartz-feldspar  grit.  As  regards  some  of  the 
hornblende  schists,  one  would  suggest  the  possibility  (as  I  believe  has- 
been  elsewhere  done  by  the  late  Professor  Jukes)  of  their  having  been 
basaltic  tuffs,  with  which  in  chemical  composition  they  would  agree 
fairly  well. 

^^I  have  ventured  on  this  digression  because  these  Cornish  rocks  have 
presented  structures  which  seem  to  me  worthy  of  careful  consideratioa 
by  all  who  are  studying  the  phenomena  of  metamorphism — a  subject 
which  has  occupied  my  attention  for  some  years  past  The  observa- 
tions are  not  entirely  novel.  Dr.  Sorby  drew  attention  to  somewhat 
similar  structures  in  his  very  valuable  and  suggestive  paper  on  the 
original  constitution  and  subsequent  alteration  of  mica-schist.  The 
agglutination  of  identical  mineral  matter  has  been  noticed  in  the  case 
of  quartz  by  that  author,  by  Mr.  J.  A.  Phillips,  and  by  myself  inde- 
pendently, not  to  mention  others.  In  the  gneissic  series  traversed  by 
the  upper  part  of  the  St.  Gothard  Pass,  and  in  other  districts,  I  have 
repeatedly  noticed  similar  instances,  all  tending  to  show  that  the  minute 
structures,  and  in  some  cases  very  probably  the  original  constituents 
(at  any  rate  as  nuclei),  may  be  preserved  in  rocks  which  are  metamor- 
phic  in  the  fullest  sense  of  the  word. 

^'  I  trust  some  day  to  treat  the  subject  more  fully;  but  I  take  this  op- 
portunity of  calling  attention  to  it,  because  I  believe  that  in  it  we  find 
a  clue  which  may  ultimately  enable  us  to  solve  many  difficulties  in  that 
most  perplexing  inquiry — ^the  relation  of  the  metamphoric  and  of  the 
igneous  rocks.*' '^ 

s'  (Qaarterly  Jomnal  Geol.  Soo,  Lond.,  xzziz,  p.  19.) 

(236) 


INDBX. 


Page. 

▲blcman's,  Wis.,  QuArti-Mhtot  of 83 

Animilrin  QoArtsite  of  Pokegaom  Falk. . .  48 

ABimUde  Series,  Cheity  rocks  of 20 

y  GreywAckes of 19,86 

,  QnarUenlergeiDentsiiirocksof.  .20, 88, 86|  87 

.  QoArtsites of 10,85,48 

Arlington,  Wis.,  Sandstone  of 42 

Bad  BiTer,  Wis.,  Greywacke  of 20 

,  Qasrtsiteof 81 

Baraboo  Begion,  Wis.,  HoronlAn  of 48 

,  Qoartsiteof 88 

^,  Qnarts-sohist  of 88 

,  Ssndstoneof. 40 

Basswood  Island,  Lake  Superior,  Sand* 

stoneof 41 

Black  Bay,  Lake  Snperior,  Sandstone  of.  89 

Black  Birer  Falls,  Wis.,  Sandstone  of . . . .  10, 40 

,  Wis.,  Unnmianof 48 

Bonney  on  Enlargements  of  Mineral  Frag- 
ments  18,51-52 

Bmce  Hine  Bay,  Lake  Horon,  Qnartsite 

of 23 

Caledonia,  Wis.,  Qoartzite  of 88 

Cambrian  Bocks,  Xnlsrgements  of  quarts 

fragmentsof 89 

Campement  d'Oors  Island,  Oreyiracke  of 

vidnityof 27 

^,  Qnartsite  of  Ticinity  of 24 

Champion  Mine,  Mich.,  Qnartsite  of. 17 

Cherty  Books,  Bnlargements  of  qositc 

ih^pnentsin 20-21 

^  of  AnimiUe  Series 20 

^,Originof  21 

—  —  of  the  Hozonian 21 

Marquette  region 20 

—  Penokee  region 20 

Potsdam  Sandstone 21 

i  Belatlonof,  to  the  jaspery  iron  ores. .  21 

Chippewa  Yalley,  Wis.,  Hnronian  of. 48 

Clay  SQate,  Bnlargement  of  qnarts  frag* 

ments  in 20^82 

of  Knife  Falls,  Minn 82 

— Mahtomah,  Minn 82 

Saint  Loois  BiTer,  Minn 32 

Clearwater  Lake,  Minn.,  Orey  wacke  of  . . .  37 

Colorado  CaQon,  Sandstones  of 88 

Complex  qnarts  fragments,  Bnlargements 

of 18 

Condoslena,  General 48-82 

Copper  FftUs,  Mich.,  Sandstone  of 88 

Conrtlandt,  Minn ,  Sandstone  of 

CretaceoBS  rocks,  Bnlargements  of  qnarts 

fragments  in « 

Oroeta,  Qoartsitio,  A  Geikie  oo 

--—,  ef  Potsdam  Sandstone 

^  of  SaJat  Peter's  flandfltone 10,49 

(237) 


48 

48 
18 
49 


*  'CrystsUised  "  Sandstone,  Conmoaneisof         14 
^,  Danhr4eon 13 

—  «^,  Gerhard  on. .................. ......  12 

.  Hnronian 15»  80^  80, 82, 85 

^,  ninstrations  of,  PL  II 14 

,  Vanmannon 12 

of  Arlington,  Wis 48 

EastKeebish 15,25 

Lsncsster,  Wis 15,41 

Madison,  Wis 15 

Mount  Whittlesey,  Wis 82 

New  Lisbon,  Wis 15 

Oolite 11 

"OldBed" U 

Penokee  Gap,  Wis 15,82 

Potsdam  Sandstone 12,15^10,18,40 

Bedstone.  Minn 15^85 

Sonthem  Wis 15 

Spnrr,  Mount,  Mich 80 

Saint  Peter's  Sandstone 12,15^41,41 

—  —  — the  Yosges,  France 12 

Dakota,  southeastern,  Qnartsites  of 84 

I>aubr6e  on  "  ci^stallised  "  sandstones ....  12 

oftheVosges 12 

DeltOD,  Minn.,  Qoartzite  of 85 

Devil's  Lake,  Wis.,  Sandstone  of 15^  84 

quaitsiteof ^ 84 

DcTonian  Bocks,  Bnlargement  of  Quarts 

firagmentsin 

Dikes  in  qnartsite  of  Lake  Hnron 24 

Bagle  Harbor,  Mich.,  Sandstone  of 88, 44-47 

East  Keebish  Island,  Crystallised  sand- 
stone of 15,25 

,  Quartsiteof 25 

Echo  Biver,  Canada,  Qnartsites  of 25, 28 

Enlargementsofcomplez  quarts  fragments  18 

-<  — feldspar  firagments 44-47 

in  Keweenawan  Sandstones...      44-47 

—  •— in  Hnronian  Greywaokee 19,27 

mineral  friigments,  Bonney  on .18,51,62 

in  metamorphism 60 

orthodsse  fragments 45 

plagiodaoe  fragments 45 

quarts  fhigmeats.  Fading  oi;  into 

matrix 17,20 

--  —  —  —,  Hague  and  Iddings  on 18 

»—,  Historical  account  of 11-18 

in  Animikie  rooks 85-88 

—  — Cambrian  rooks 89 

Carboniferous  rooks 43 

Chertyvoeks 20,21 

CUyslates 20,82 

Cretaceous  rocks 43 

"Cry8tsUtsed"sandstones..l8,10,2e 

32,85^38,40,41 
— > Devonian  rocks 42 

53 


54 


INDEX. 


JBnlargement  of  qnartz  fragments  in  Di»* 
mond  Peak  qnartzite  of 

Nevada 43 

-.  —  -^BarekaqnartzitoofNeTada.  42 

feebly  indurated  sandBtones.  16^26,32, 

34,85,38,40,41,48 

"  Gannister  "  of  Yorkshire. .  11 

Greywackes  .18, 19, 20. 27, 32, 86, 87, 88 

Haronian  rocks 23 

•>  Keweenawan  sandstones ....  88 

loose  sandstones 11,13-16,28,35 

mica-schists 21, 80, 31 

Potsdam  sandstones 88,40 

• quartz-schists 25,28,29,81,83 

-~  sandstone  of  Henry  Mount- 
ains   43 

Silurian  rocks 41 

strongly     indurated     sand- 
stones   16.36,88^89,40,42 

Triassio  rocks 43 

Trinidad  sandetone 11 

Vltreoos  qnartsites lft-18,28-20,  ' 

27-29,80,81,83,34,85,36 

.White  Pine  shale 42 

— . List  of  rocks  showing 23-43 

Feldspar  fragments,  Snlargements  of  —      44-47 

Fossils.  Absence  of;  from  Hnronian 49 

Freedom,  Wis.,  Quartzite  of 88 

Gannister  of  Marquette,  Mich 17, 28 

Yorkshire,  Bug 11,14 

Geikie  on  greywackes 10,20 

induration  of  sandstone  by  weather- 
ing   18 

Gerhard  on  crystallized  sandstones 12 

Gibraltar  Bluff,  Wis. ,  Sandstone  of 16, 42 

Grand  Portage  Falls,  Minn. ,  Grey  wacke  of  87 

Grand  Bapids,  Wis. ,  Sandstone  of 16 

Grey  wacke  of  Bad  River,  Wis 20 

Campement  d*Ours,  Lake  Huron 27 

Clearwater  Lake,  Minn 87 

Grand  Portage  Falls,  Minn 82 

Keweenaw  Point,  Mieh 20 

Kingfisher  Lake,  Minn 87 

Knife  Lake,  Minn 20,37 

— «—  Mountain  Lake,  Minn 87 

KonesuchBelt 20 

Palladreau  Talauda,  Lake  Huron  ...  26 

Partridge  Falls,  Minn 87 

Bove  Lake,  Wis 86 

Saint  Louis  Biver,  Minn 82 

Greywackes,  Enlargements  of  quarts  frag- 
ments in 18,19,28,27,32,36,87,38 

— ,  Geikieon 19,20 

—,  Induration  of  Huronian 49-50 

—  of  Animikie  Series 19,82,86 

Keweenaw  Series 88 

Hague  and  Iddings  on  enlargement  of  feld- 
spar fragments 18 

Henry  Mountains,  Utah,  Sandstone  of . . .  48 

Historical    account  of   enlargement    of 

quartz  fragments 11 

Huron  Lake,  Bruce  Mine  Bay,  Qnartsites 

of 23 

—  —,  Dikes  in  qnartsites  of 24 


Page. 
Huron  Lake,  Quartsitee  at  MoLeonan's 

Landing 17,24 

—  --, —near  Thessalon  Point t 28 

^,  —  of  North  Shore 24 

, Saint  Joseph's  Island 26 

Huronian,  Absence  of  fossils  finom 49 

— ,  Chertz  rocks  of  the 21 

—,  Crystallized  sandstone 15,26,80,82,85 

— ,  Greywackes,  Enlargment  of  feldspar 

fragments  in 19,27 

— ,  Metamotphism  in  the 19.49,50 

—  of  Baraboo  region.  Wis 48 

Black  Biver,  Wis 48 

Chippewa  Valley,  Wis 48 

Marquette  region 48 

Menominee  region 48 

Penokee  region 48 

Southern  Minnesota —  48 

Saint  Louis  Biver,  Minn 48 

Wisconsin  valley 82 

—  on  Thunder  Bay,  Lake  Superior 48 

—  quartzites.  Genesis  of 48 

-x  rocks.  Enlargement  of   quarts    frag- 
ments in 88 

—  sandstone.  Mount  Whittlesey 82 

Iddings  on  enlargements  of  quarts  frag- 

mentsin 18 

Indurations  of  sandstones  by  ohalcedonlo 

siUca 18 

— by  enlargement  of  quarts  frag- 
ments   18-17 

by    Independently     crystallized 

quarts i 17 

by  weathering 12,13,16,42,49 

Keweenaw  Point,  Grey  wacke  of 20 

—  Series,  Greywaoke  of 38 

—  sandstones,  Quartz  enlargements  in  . . .  88 

,  Feldspar  enlargements  in 44-47 

Kingfisher  Lake,  Greywackes  of 37 

Knife  Falls,  Minn.,  Clay  slate  of 38 

.Lake,  Minn.,  Slates  of 20,37 

Lancaster,  Wis. ,  Crystallized  sandstone  of  15, 4 1 

Little  Iron  Biver,  Mich.,  Sandstone  of . . .  38 
Localities,  List  of,    for  rocks    showing 

quartz  enlargements 28-48 

Logan,  Sir  W.,  on  the  Huronian 19, 28-27, 50 

Madison,  Wis.,  CrystaUized  sandstone  of.  15 

Mahtomah,  Minn.,  Clay  slate  of 32 

Marquette,  Mich.,  Gannister  of 17, 28 

—,-,  Quartzite  of 16,17,27,28 

— ,  — .  Quartz-schist  of 17,28 

— ,  — ,  Sandstone  of 41 

—  region,  Cherty  rocks  of 20 

,  Huronian  of 48 

,  Mica-schist  of 21,22,80,31 

Marshall  HiU,  Wis.,  Slates  of 20 

McDonald  township,  Canada,  Quartzite 

of 25 

McLennan 's  Landing,  Lake  Huron,  Quartz- 
ite of 17,24 

Menominee  Begion ,  Huronian  of.* 48 

,Mica.schistof 20,21,22,80.81 

Metamorphism  in  Huronian 19,49,50 

—,  Mineral  enlargement  in 51 


(238) 


INDEX. 


65 


Page. 
Micft-aehiat,  Enlargement  of  qnarta  frag- 

mentain 21,80,81 

of  Marqnette  region 21,22,80,81 

Penokee  region 21,81 

liicbjgamme  Diatrict,  Mioh..  lfio»4chiat 

of 21,80.81 

Microaeopic  rook  deeeripUona 23-43 

Mlddleton,  Wia.,  Sandatone  of 40 

Mineral  Enlargementa,  Bonney  on 18, 61-52 

,  in  metamorphiam 61 

Hinneaotat  aonthem,  Hnronian  of 48 

— ,— ,  Qnaruiteaof 16,84 

Iffoond  Creek,  Minn.,  Qnartiite  of 86 

Mountain  Lake,  Minn. ,  Oreywaoke  of —  87 

Mnnay  on  the  original  Hnronian 50 

If  ataonal  Boondary,  Sohiato  of 87 

Kaomann  on  cryataUised  aandatonaa 12 

ISTeebiah  laland,  Qaartsite  of 16 

Ifew  IJabon,    Wia.,   Cryatallized  aand- 

atoneof 15 

ITew  XTbn,  Minn.,  Qonrtsite  of 85 

Nipigon  Bay,  Sandatone  of. 89 

l^oneaitch  Belt,  Oreyvracke  of 20 

—  mine,  Sandatone  of 88 

"  Old  Bed, "  Cryatolliaed  aandatone  of . . . .  11 

Ontonagon  Biver,  Mich. ,  Sandatone  of . . .  40 

OoUte,  Cryatalliaed  aandatone  of 11 

Orlboclaae  fragmenta,  Enlargementa  of . .  45 

PackwAokee,  Wia.,  Sandatone  of 16, 40 

X*a]ladrean  lalanda.  Lake  Hnron,  Grey- 

wncke  of 26 

Calmer  Mine,  Mich.,  Qnartsito  of 29 

Cartridge  Ealla,  Minn.,  Greywacke  of 87 

^enokee  region,  CryataUised   aandatone 

of 16^82 

,  Chertyrockaof 20 

—  — ,  Greywackea  of 20 

■ ,Hnronianof 48 

,  Mlca-echJat  of 21,81 

,  Qnartsiteaof 80,81 

,  Qnarts-achiata  of 31 

Pigeon  Point,  Lake  Snperior,  Qnartzito  of  86 

Plagioclaae  fi«gmenta,  Snlargemento  of  .  46 

Pokegama  Falla,  Minn.,  Qaartzlto  of 48 

Portage  Bay  laland,  Sandatone  of. 16, 86 

Portage  Lake,  Michigan,  Sandatone  of . . .  88 
Potadam  Sandatone,  Cryatallixed  aanda 

of 12,15^16,lti,40 

,  Cherty  aandatone  of 21 

—  — ,  Enlargemento  of  qnarts  firagmento 

in 89,40 

,  Induration  In,  by  weathering 12 

Praixie  Biver  Falla,  Minn.,  Qnartsito  of..  17, 16, 85 

Praaqn'  lale  Biver,  Mich.,  Sandatone  of. .  89 

QnartaElto  of  Bad  River,  Wia 31 

Baraboo  region,  Wia 88 

Bruce  Mine  Bay,  Lake  Hnron 26 

Caledonia,  Wia 88 

Campement  d'Oora,  Lake  Huron  ...  24 

Champion  Mine,  Mich 17 

Dakota  (aontheaat) 84 

Delton,Minn 85 

—  — Diamond  Peak,  Nevada 48 

BastNeebiahlalaDd.  Canada 25 


Page. 

Qnartsito  of  Echo  River,  Canada '  26,26 

Eureka,  Nevada.. 42 

Freedom,  Wis 88 

Marquette,  Mich 16^17,27,28 

Minnesota  (aouthem) 16,84 

McDonald  township,  Canada 25 

McLennan's  Landing,  Canada 37, 24 

Mound  Creek,  Minn 86 

Neebiah  Island,  Canada 16 

NewUlm.Minn 85 

Palmer  Mine,  Mich 29 

Penokee  region,  Wia 80,81 

Pigeon  Point,  Minn 86 

Porti^e  Bay  laland,  Minn 16,86 

Prairie  River  Falls,  Minn 17,18,36 

Redstone,  Minn 16,84 

Qnartsites,  Enlargemento  of  quarts  fhtg- 

mento  in . .  lft-18, 25, 26, 27-29, 80^  81, 83, 34, 86, 86 

—  Hnronian,  Genesis  of 48 

—  near  Thessalon  Point,  L.  S 28 

—  of  Anlmikie  Series 16.86,48 

north  ahore  of  Lake  Huron 84 

Teal  Lake,  Mich 28 

Wanawaugoning  Bay,  Wia — ^ 86 

—.Origin  of 12 

-^  vitreoua.  Enlargement  of  quarto  frag- 

mento  in  .lft-16, 28-26, 27-29. 80, 81, 83, 84, 85, 86 
Quarto*8chiat,  Enlargement  of  quarto  tng-     • 

mento  in 25,26,29,81,88 

of  Ableman'a,  Wia 88 

-~  Buaboo  region 88 

Marquette,  Mioh 17,29 

Penokee  region,  Wia 81 

Redstone,  Minn.,  CrystalUsed  ssndstone 

of 16,86 

,Quartoitoof 16,84 

Roche  E'crit,  Wis.,  Crystallised  sandatone 

of 16,40 

Rockland,  Mich.,  Sandatone  of 41 

Rove  Lake,  Minn.,  Greywacke  of. 86 

Saginaw  Mine,  Mich.,  Quartoito  of. 29 

Saint  Joaeph  laland.  Lake  Huron,  Qnarts- 
ito of  26 

Saint  Lonia  River,  Minn.,  Greywacke  of .  82 

,Hnronianof 48 

,Slatoaof 20,82.48 

Saint  Petor'a  Sandatone,  CryataUised  ssnd 

of 12,15,48 

,  at  Arlington,  Wis 42 

^  Induration  of;  by  weathering ....  12, 15, 42 

Ssndatone,  "CrystaUised"..ll,12,13,14,16.26.82, 

86,88,40,41,42 

Daubrteon 12 

of  Arlington,  Wis 42 

of  East  Keebish  Island 16,26 

of  Southern  Wisconsin 16 

ofYosges 12 

— ,  loose,  Enlargemento  of  quarto  fhig> 

mento  in 11,13-16,28,36 

Sandstone  of  ArUngton,  Wis 42 

Baraboo,  Wis 40 

Baaawood  laland,  Wia 41 

Black  Bay,  Lake  Superior 88 

Black  River  FaUa,  Wia 16,40 


(239) 


56 


INDEX. 


Sandstone  of  Colorado  Calion 

^  _  Conrtlaiidt,  Minn 

Dakota  (aoatheast) 

Devil's  Lake,  Wis 

Delton,  Minn 

Eagle  Harbor,  Mich 

Freedom,  Wis 

Gibraltar  Blnf^  Wis 

Grand  Bapids»  Wis 

Henry  Mountains,  XTtaJi 

Lancaster,  Wis 

Little  Iron  Biver,  Mloh 

Madison,  Wis 

Middleton.Wis 

Marquette,  Mioh 

Kipigon Bay.Lake  Snperlor 

Konesnch  Mine,  Mioh 

Oolite  in  England 

"Old  Bod"  in  England 

Ontonagon  Birer 

Packwankee,  Wis 

Penokee  Gap,  Wis 

Portage  Bay  Island,  Minn 

Portage  Lake,  Miob 

Presqa'IsleBiTer,Mioh 

Silver  Islet  Landing,  Lake  Sapezior. 

Trinidad,  W.I 

Silioa,  Chaloedonio,  as  indurating  mate- 
rial  

Silver  Islet  Landing,  Sandstone  of 

Slate,  Greywaoke.    Bf  Greywaoke 

Slate  of  Knife  Falls,  Minn 

Lake,  Minn 

Marshall  Hill,  Wis 

Sorby  on  crystellized  aaodttones 

Enlargement  of  qoarte  flragmsnte  .. 

Gannister  of  Yorkshire 

G^eneaisof  qnartsites 


Page. 


48 
84 

10.34 
85 

44-47 
83 

ie.42 
16 
48 

16,41 
88 
15 
40 
41 
89 
88 
11 
11 
40 

16,40 

15,82 

16,86 
88 
89 
89 
12 

18 

89 

89 

82 

20,87 

20 

11 

11 

11,14 

11-22 


Page. 

Sorby  on  qnartdte  of  Trinidad 12 

Yosges  sandstone 12 

Spnrr  Mountain,  Mioh.,  Sandstone  of  — 14, 15, 80 

Teal  Lake,  Mich.,  Qnartzito  of 28 

Thessalon  Point,  Lake  Huron,  Quartaites 

near 28 

Thunder  Bay,  Lake  Superior,  AnJmfkle 

of 20,85,87 

,  Hnronian  on 48 

Trinidad,  W.I 12 

Tyler's  Fork,  Wis.,  Quarteite  of. 80 

,Greywaokeof ^  32 

Yon  Gotta  on  crystallized  sandstones 12 

Yosges,  Crystallized  sandstone  of 12 

Wadsworth,   M.   B.,   on  indnxation  by 

weathering 13 

i<m  the  Toroh  Lake  sandstone 41 

WauswangoningBay,  Minn.,  Quartrito  of.  86 
Weathering  of  sandstones,  induration  by  .12, 18, 16, 

42,40 

,  Gelkieon 18 

Western  sandstone  of  Lake  Superior,  En- 

largemento  of  quarto  firagmento  in 41 

Westfield,  Wis.,  Sandstone  of 18 

,  Quartoiteof 38 

White  Pine  Shale,  Enlargement  of  quarto 

ftagmentoin 42 

Whittleaey,  Mount,  Huronian  sandstone 

of 32 

Winchell,N.H 17 

Wisconsin  Yalley,  Upper,  Enlargemento 

in  slates  of 20 

— Cherty  rooks  of 20 

Hunmianof 48 

Young,  A.  A.,  on  orystalliied  sand  in  the 

Potsdam  sandstone 12 

Yorkshire,  Gannister  of 11,14 

Zirkel  on  oystalUaed  aandstonet 12 
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The  pabUcations  of  the  United  States  Oeologicel  Survey  are  issued  in  aooordanoe  with  the  statate, 
apjwoTed  March  3, 1879,  whiob  declares  that— 

"The  pablications  of  the  Oeologioal  Snrvey  shall  cooBist  of  the  annual  report  of  operations,  geo- 
logical and  economic  maps  iUustratlng  the  resources  and  classifications  of  the  lands,  and  reportB  open 
general  and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  G^eological 
Surrey  shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  speoial  memoirs  and 
reports  of  said  Snrvey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director, 
but  otherwise  in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  scientifio 
exchanges  and  for  sale  at  the  price  of  publioation ;  and  all  literary  and  cartographic  materials  received 
In  exchange  shall  be  the  property  of  the  United  States  and  form  a  part  of  tiie  library  of  the  organisa- 
tion. And  the  money  resulting  flrom  the  sale  of  such  publications  shall  be  oovjred  into  the  Treasury 
ot  the  United  States." 

On  July  7, 1882,  the  following  Joint  resolution,  referring  to  sll  Government  publications,  was  pasted 
by  Congress : 

'*  That,  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be 
printed,  in  addition  to  the  number  in  each  ease  stated,  the  '  usual  number '  11,900]  of  copies  for  bind- 
ing and  distribution  among  those  entitled  to  receive  them." 

Under  these  general  laws  it  win  be  seen  that  none  of  the  Survey  publications  are  fhmlshed  to  it  for 
gratuitous  distribution.  The  3.000  copies  of  the  Annual  Eeport  are  distributed  through  the  document 
rooms  of  Congress.  The  1,900  copies  of  each  of  the  publications  are  distributed  to  the  officers  of  the 
legislative  and  executive  Departments  and  to  stated  depositories  throughout  the  United  States. 

Except,  therefore,  in  those  eases  where  an  extra  number  of  any  publication  is  supplied  to  this  office 
by  special  resolution  of  Congress,  as  has  been  done  in  the  case  of  the  Second,  Third,  Fourth,  and  Fifth 
Annual  Beports,  or  where  a  number  has  been  ordered  for  its  use  by  the  Secretary  of  the  Interior,  as  in 
the  case  of  Williams's  Mineral  Resources,  tbe  Survey  has  no  copies  of  any  of  its  publicstions  for 
giatoitous  dlstribntioiL 

ANNUAL  RBPORTB. 

Of  the  Annual  Reports  there  have  been  already  published: 

I.  First  Annual  Report  to  the  Hon.  Ciu-1  Schurz,  by  Clarence  King.  1880.  8^.  70  pp.  1  map.— A 
preliminary  report  describing  plan  of  organization  and  publications. 

II.  Report  of  the  Director  of  the  United  States  Ctoological  Survey  for  1880-'81,  by  J.  W.  Powell. 

1882.  9^.    lv,588pp.    61  pi.,  1  map. 

m.  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881-*82,  by  J.  W,  Powell. 

1883.  8^.    xviii,  564  pp..    67  pi.  and  maps. 

IV.  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1882-*8S,  by  J.  W.  PowelL 

1884.  8^.    xii,  473  pp.    85  pi.  and  maps. 
The  Fifth  Annual  Report  is  in  press. 

MONOGRAPHS. 

So  far  as  already  determined  upon,  the  list  of  the  Monographs  is  as  follows: 
L  The  Precious  Metals,  by  Cltffence  King.    In  preparation. 

n.  Tertiary  History  of  the  Grand  Canon  District,  with  atlas,  by  Capt  C.  S.  Dutton.    Published, 
m.  Geology  of  the  Comstock  Lode  and' Washoe  District,  with  atlas,  by  George  F. Booker.    Pub- 
lished. 
IT.  Comstock  Mining  and  Miners,  by  Eliot  Lord.    Published. 

V.  Copper-bearing  Rocks  of  Lake  Superior,  by  Prof  R.  D.  Irving.    Published. 

VI.  Older  Mesozoic  Flora  of  Virginia,  by  Prot  William  M  Fontaine.    Published. 
Vn.  Silver-lead  Deposits  of  Eureka,  Nevada,  by  Joseph  S.  Curtis.    Published. 

VIII.  Paleontology  of  the  Eureka  District,  Nevada,  by  Charles  D.  Walcott    In  preas. 

IX.  Brachiopoda  and  LameUibranchiata  of  the  Green  Marls  and  Clays  of  New  Jersey,  by  B.  P. 
WhitiuM. 


riiTiiij  II  nrr  jTiiiiiij  ifTirfiTi   ■ThuiM  hj  tth 

Gni";;  r/<  ife  Eonfcl  Saiac  DMDict.  Scis^.  sid  ■ 
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•3.    IMpo.     rill  !■!  i[lii  if-I  lnH      li  III  f    II      PnXliLIL 

STp    <&  ^.    T  pL  ^id  uQam  mi  Zl  ikectB  fiu4.    FniB  tll- 
IT.  CicjC«kHiKia2Bdlli^nbrEkML««.    1«L    #>.    xlr.fiip^    i|L    PiS«tt.». 
T.  C«tprt-toBUi>i  Kocki  W  Lake  Sapiur.  ky  PnC  E.  li.  InHc-    UO.    <=.    or.  IM  pp.    ; 


The  EoUrttiu  sf  Um  Soikt  win  caaUla  iiiefa  pipcn  ntetiBK  to  tbe  iRBcnl  parptxe  of  ita  snA  >■ 
ds  But  prnju^ri J  omH  nadir  Ibe  tr«*i  (f  Ancu.  BuvriB  or  Uoxockaths. 

EKlia(ibE«Bal1etiB»wll]aBlatB  bni  oh  i^prT. aad  be  nmpMe  ta  Keclt  TIipc  Kill,  bowerw, 
ke  BDicbentd  ia  acoDtlaiMaa  eiriee,  uidviUiB  tive  benaittil  tats  ToloBee  of  cnaTmiFni  site.  To 
*.>in.^-  tht.  .-.h  B„n.ji-  — oi  h...  .w«  p.fi-.H—  —  p(«|MrlDfMclf  •aduotknvbiekbelOBC* 
to  U  u  pirt  or  Uu  TblDBb 

or  1  li  i  •  •"Hd  or  IKiUetipa  Hw  1, 1. 1. 1.  S.  B.  1,  and  >  in  ilnadr  pobluhed.  Tis : 
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1  Gal<]  ud  StlTer  ConTcnion  Tablea.  KJTfac  the  CoiaiBg  Talna  of  Tn>;  Oaaefa  or  FiiiaUcUl,Ac. 
bf  AIUTlWil]iiuRa.Jr.    1883.    8°.    iL8pp.    PrioeSccaU. 

1.  On  Ibe  Foiiail  FaunMof  tbaCpperDeToDlinaloDEllielferidiaiiarTff'Sa',  bvoiTampkiiuCaiiB^. 
IfevTork.UillraarimlCaiuilj,  PenDulTHiB.b]-Beiii7S.  VilUm.  183i.  8°.  Mpp.   PriceSeeala. 

t.  On  U<«iMic  FouiU.  bj  Cbkrics  A.  WMte.    1881.     8°.    Mpp.    «pL    PiJceSecDIt. 

B.  ADiciiunarfof  AltitndcaiB  tli«UnltedStM<a.csDipUc<l  byEeBirGkBMtt.  ll«4.  S°.  JZBpp. 
Price  :a  ceals. 

d.  Elctatiam  Id  tUe  Dominion  of  Canada,  by  J.  W.  Spacer.    18M.    S°.    43  pp.    PriceSoenta. 

T,  UapulcFa  Gcoloipca  Ametteiaa.  A  CatalogDeorGeolo-lcalUapaof  America  iNoiib  and  South). 
lT»-IS81,bjJaIe4lfarcanandJohnBelknapUareon.    I8U.    ».    lS4pp.    PricelOccnti. 

8.  On  ScFondaiy  Enlargnnent  of  Uhitral  FnEmenU  In  Certain  Bocka.  bj  &.  D.  Irving  and  C.  S. 
yanUac.    1884.    8°.    Mpp.    Price  10 ttotk. 
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Coital  States,  by  Albert  Wmiama,  Jr.    1883.    tp.    irll,  813  pp.    Price  SO  oenta, 

CoTTeopondeEce  relating  to  the  pnhUoiitlonR  of  the  Son-ey,  * 
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INTBODUCTOBT. 


The  present  bulletin  contains  the  more  iini)ortant  results  obtained  in 
the  chemical  laboratory  of  the  United  States  Oeological  Survey  at 
Washington,  between  December  12, 1883,  and  June  30, 1884.  The  work 
here  reported  was  almost  wholly  done  by  Dr.  T.  M.  Ghatard  and  myself, 
and  represents  the  first  fiscal  year  of  our  laboratory  organization.  Other 
work,  carried  forward  in  this  laboratory  by  Dr.  F.  A.  Gooch,  and  re- 
lating mainly  to  the  rocks  and  waters  of  the  Yellowstone  National  Park, 
is  reserved  for  a  future  bulletin. 

In  addition  to  the  analyses  here  published,  a  considerable  number  of 
assays,  mineral  determinations,  and  qualitative  examinations  have  been 
made.  Several  researches  have  also  been  begun,  but  are  not  yet  ad- 
vanced enough  to  waifrant  any  announcement.  Other  bulletins  will  be 
from  time  to  time,  as  flost  as  material  accumulates. 

P.  W.  OLABEB. 
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WORK  DONE  IN  THE  WASHINGTON  LABORATORY 
DURING  THE  FISCAL  YEAR  1883"'84. 


MENTEBAXi,  BOOK,  AKD  OBE  AlNAXiTSES. 

The  mineralogical  work  of  the  division  of  chemistry  has  been  done  in 
close  co-operation  with  the  mineral  department  of  the  National  Museam. 
Qqpie  of  the  material  studied'  has  been  received  through  the  latter  in- 
stitntion ;  some  has  been  brought  in  by  fljeld  parties  of  the  Survey ; 
some  represents  our  own  summer  collecting.  The  rocks,  clays,  etc.,  an- 
alyzed, have  been  submitted  by  other  divisions  of  the  survey,  and  will 
not  be  specially  discussed  in  this  bulletin.  The  only  novelty  in  the 
methods  of  analysis  has  been  in  the  use  of  the  bismuth  oxide  process 
for  the  estipation  of  the  alkalies  in  silicates.  This  -process,  as  modified 
by  Dr.  Ghatard,  is  described  later. 

eAHNITE  FROM  eUMOBE'S  MIOA  MINE,  M0VNT60MEBT  OOVKTT,  MABTUHD. 

The  locality  at  which  this  mineral  was  found  is  12  miles  north  of 
Washington,  near  Colesville,  Maryland.  The  mine  has  yielded  a  consid- 
erable quantity  of  merchantable  mica,  which  occurs  in  the  usual  granite 
vein,  associated  with  quartz,  albite,  garnet,  black  tourmaline,  and  beryl. 
The  last-named  mineral  is  abundant  in  large  but  ill-formed  crystals. 
But  one  specimen  of  the  gahnite  was  obtained;  a  dark-green  massive 
specimen,  filling  a  cavity  in  altered  feldspar.  Specific  gravity  4.60. 
Analysis  by  T.  M.  Ghatard : 

Ignition 30 

8iO« 57 

AljOi 55.46 

PejOj 2.77 

ZnO 40.07 

MgO.,..- 59 

CuO nndet. 


99.76 
JADE  AHD  PBOTOUTE  FROM  ALASKA. 

Among  the  Eskimo  implements  collected  by  the  IT.  S.  Signal  Service 
at  Point  Barrow,  Alaska,  were  a  considerable  number  of  a  materji^l 
which  appeared  to  be  jade.  Of  these  there  were  two  varieties ;  one 
pale  apple-green,  the  other  dark-green ;  both  were  highly  polished,  and 
exceedingl.^  compact  and  tough.    The  specific  gravity  of  the  pale-green 
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variety  was  2.873|  tbat  of  the  dark  material 
(Olarke)  gave  reeulta  aa  follows : 


8.01S. 


»-•,««. 

•'^^^^Tp^^^^^* 

H/) ...... 

4.00 

Oi.M 

Inea. 

till 

La 

0.81 

187 

L41 

■r.81 

188 

11T8 

IL8i 

Itt 

^i 

mor 

FeO 

GaO 

lf«0.....             .        t.T 

Ifi^ 

18181 

8188 

The  dark-green  material  is  plainly  jade,  oi:  nephritei  quite  analogous 
in  composition  to  that  from  the  Swiss  lake  dwellings.  The  light-green 
mineral,  on  the  other  hand,  agrees  in  composition  with  i)ectolite.  It  is 
easily  fasible,  and  has,  in  short,  all  the  essential  properties  of  pectolite. 
It  is,  therefore,  a  new  and  interesting  variety  of  that  well-known  species. 

The  Eskimo  of  Point  Barrow  say  that  the  jade  and  jade-like  minerals 
used  by  them  come  from  some  point  to  the  eastward.  The  locality 
itself,  we  believe,  has  not  yet  been  visited  by  civilised  men.  Whether 
both  minerals  a^  found  at  the  same  place  or  not  cannot  be  stated ;  bat 
we  hope  that  before  long  more  definite  information  may  be  secared. 

SAVflSUBIR  PBOM  OAUVORNIA. 

Found  in  a  gabbro  collected  by  Mr.  J.  S.  Diller,  thirty-seven  miles 
north  of  Pit  Biver  Ferry,  Shasta  County.  The  mineral  is  nearly  white, 
with  a  greenish-gray  cast,  and  has  a  specific  gravity  of  3.148.  Asso- 
ciated with  green  diallage.    Analysis  by  F.  W.  Clarke: 

Ignition 8.42 

8iO« 42.79 

A],Qi 2(».43 

CiO iai3 

FeO 3.66 

MgO 1.40 

NiiO -\ 2.61 


100.33 
AUIHRI  FBOM  TOPSHAM,  Mim. 

Abundant  in  slender  black  prisms  at  Sprague^s  granite  quarry.    The 

crystals  are  usually  much  rusted  upon  the  surface,  and  are  known  to 

the  local  quarrymen  as  ^^  nails."    Analysis  by  F.  W.  Clarke  :^ 

HfO 4.13 

8iO« 34.97 

A],Qi 12.S3 

FeO 18.11 

MnO 2.82 

Ce.Os,  Li«0^  DiiOi 17.96 

CaO 7.21 

MgO L40 


96.73 


>Comp«ie  amdyiiB  by  F.  C.  Robinaon,  Amer.  Jonr.  Soi.,  Hay,  1884. 
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The  ferrous  oxide  carries  with  it  some  ferric  oxide.  As  the  analysis 
was  made  merely  for  the  complete  identification  of  the  species,  the 
troublesome  separation  of  the  cerium  group  oxides  was  not  considered 
necessary.  The  mineral  appears  to  vary  considerably  in  different  parts 
of  the  quarry. 

BIBTi  FIOM  SRBSNB  0OVNTT»  TINHUBIB. 

A  topical,  bluish-green  translucent  beryl.  Analysis  by  F.  W. 
Olarke: 

8iOi 65.90 

010 13w36 

AlfOft  (tr.FeO) 19.10 

Ignition 1.76 

99.60 
DiMOVRm  FBOM  roihsam,  m. 

Two  specimens  of  a  micaceous  mineral  from  the  topaz  locality  at 
Stoneham,  collected  by  Mr.  If.  H.  Perry,  of  South  Paris,  and  sent  by 
him  to  the  National  Museum,  have  been  examined  and  prove  to  be  dif- 
ferent forms  of  damourite. 

A.  Snbfibrous  compact,  light  grayish  green  in  color,  greasy  luster, 
associated  with  albite  and  topaz. 

B.  Broadly  foliated  micaceous,  light  grayish  green,  strong  mother-of- 
pearl  luster,  also  associated  with  topaz.    Analyses  (Ohatard)  as  follows : 


IgnStkm 
SiOi.... 
AbO,... 
VM>.... 
XbO.... 
CiiO.... 
MgO.... 
VaiO... 


A. 

B. 

4.48 

4.78 

46.19 

48i84 

83L82 

88L80 

4.36 

8.98 

0.68 

Ol61 

tittoe. 

0.88 

0.86 

8.10 

Lff7 

1.48 

ILOO 

10.78 

loasi 

10L08 

MABftARin. 

A.  From  Soapstone  Hill,  near  Chunesville^Gleorgia.  Bright  pistachio 
green,  snbfibrous  aggregate  of  extremely  minute  scales  surrounding  and 
radiating  from  a  core  of  bright  rose-pink  corundum  which  is  in  places 
interlaminated  by  the  margarite.  A  very  handsome  specimen  on  account 
of  the  contrast  of  color.  From  Mr.  Theodore  Moreno,  of  Gainesville, 
Georgia.    G.  =  3.00 ;  H.  s=  3.5.    Analysis  (T.  M.  Ohatard) : 

HtO 4.88 

SiOi 31.79 

A],Oi 60,03 

PW trace. 

CsO 11.67 

HgO 0.18 

N8,0 «.96 

100.1 
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B.  An  altered  crystal  of  corundum  from  Iredell  County ^  North  Caro- 
lina, sbowing  a  core  of  corundum  surrounded  by  a  yellowish- whit^,  semi- 
micaceous,  compact  mineral  more  or  less  intermixed  with  small  needles 
of  black  tourmaline.  Analysis  (Chatard)  shows  the  micaceous  mineral 
to  be  a  margarite  similar  to  that  described  by  Dr.  F.  A.  Ctonth  as  oc- 
curring at  Hendrick's  farm  in  the  same  county. 

H9O 5.e8 

8iO» i.  31.15 

AltO, 49.61 

CaO 11.13 

MgO 0.45 

N«iO 2.74 


OIMOUne  FBOM  IWBWAT.  MAINl. 


100.06 


Among  a  collection  of  Maine  minerals  received  Arom  K.-  H.  Perry,  of 
South  Paris,  were  several  specimens  of  tourmaline  and  albite  encrusted 
with  a  pink  to  rose-purple,  earthy,  alteration  product.  The  color  was 
found  to  be  due  to  a  little  manganese,  which  was  not,  however,  sepa- 
rately estimated.  The  analysis  (Clarke)  gave  results  approaching  to 
those  required  by  the  rational  formula  AlH3(Si03)3,  as  the  subjoined 
figures  show : 


HiO 

SiOs 

AlsO,  (with  MnO) 

N««0 

MgO 


Found. 

Theory. 

0.68 

70.06 

17.19 

2.28 

a80 

10.4 
08.8 
19.8 

9n.80 

100.0 

It  will  be  observed  at  once  that  these  results  do  not  agree  exactly 
with  those  commonly  obtained  for  cimolite.  They  are  too  high  in  silica, 
and  too  low  in  water,  and  the  formula  deduced  from  them  is  somewhat 
novel.  We  are  inclined  to  place  the  miueral,  however,  under  cimolite^ 
as  being  nearer  to  that  species  than  to  any  other.  Possibly  the  new 
formula  represents  the  final  outcome  of  an  alteration  process  ^which 
ordinary  cimolite  has  only  partially  undergone.  Somewhat  similar  pink 
alteration  products  are  not  uncommon  in  the  albitic  granite  veins  of 
Maine  and  Kew  Hampshire,  and  some,  without  analysis,  have  been  sup- 
posed to  be  montmorillonite,  like  that  of  Branchville,  Connecticut.  A 
more  thorough  examination  of  such  products  is  much  to  be  desired. 

HALLOTSITE  FROM  CALIFORNIA. 

Collected  by  Ensign  J.  B.  Bernadou,  at  the  Detroit  Copper  Mine,  near 
Mono  Lake.  The  specimens  consisted  of  irregular  lumps,  covered  and 
seamed  with  a  black  coating  of  the  oxides  of  copper  and  manganese. 
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The  oolot  of  the  pnte  mineral  was  white,  with  a  very  faint  tinge  of  blae. 
Analysis  by  F.  W.  Clarke. 

HtO 18.95    ^ 

SiOb 42.91 

AltOft.... 3a  13 


\j9»  99 


PBOOHlOlUn. 

A  datk-green  chlorite,  collected  by  Mr.  O.  P.  Merrill  on  Foundry 
tttin,  Gkorgetown,  D.  C,  may  be  assigned  to  the  above-named  species. 
'The  mineral  is  very  dark  in  color,  scaly-crystalline,  and  occnrs  in  quite 
fine  specimens.    Analysis  by  F.  W.  Clarke. 

H,0 14.43 

8iO» 85.45 

MgO 16.04 

A1.0» 17.88 

FoO 84.98 

NagO 0.87 


98.45 


The  iron  is  all  reckoned  as  ferrous  iron,  although  part  of  it  is  undoubt- 
edly ferric 

«M)AUBD  ^'ALVII  BOCK"  FROM  GBIHT  OOVNTT.  NBW  MUIOO. 

Six  samples  were  received  from  Hon.  Yf.  S.  Bosecrans.  The  material 
is  found  at  the  headwaters  of  the  Oila  Biver,  about  40  miles,  north  of 
Silver  City,  and  is  said  to  cover  about  2,000  acres.  The  specimens  may 
be  described  as  follows : 

A.  Pinkish  crusts. 

B.  Yellowish  crusts. 
G.  Drab  crusts. 

D.  White  crusts. 

£.  Fibrous  mineral  of  silky  luster. 

F.  "  Gray  alum  rock." 

Analyses  by  F.  W.  Clarke. 

A. 

A1«Q». 16.62 

SOk 34.43 

HfO  42.66 

Insoluble  reridne. 7.62 


100.13 


This  substance  is  alunogen.    So,  also,  but  impure,  containing  iron, 
are  B,  C,  and  D.    Of  these  only  rough  analyses  were  made. 


B. 

c. 

D. 

I^ntxlnn ....... 

1&20 

4.M 

7&M 

TLas 

lft.81 

iaL27 

6&41 

&19 

88.19 

■■•■""■*'■■  ■■ * 

AIiOh-FmOi 

niMihilile  iMidne 

loaio 

M.86 

* 

97.79 

(263) 
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The  analysis  of  E  shows  it  to  be  halotrichite.  Only  A  trane  of  ferrio 
iron  is  present    Color  nearly  white,  slightly  grayish*    Asbestifonn* 

AW)b 7.9f 

PW 13.rt 

80k 37.l» 

H«0 40.9St 

Inaolnble e.60 

90.17 

F|  which  was  not  analyzed,  is  merely  an  impore  mixture  of  alnnogen 
and  halotrichite. 

tOOBUOHMIB  OBSDIAir,  SOimiASI  OBI  SV  MOHO  TAiUET,  OAUVOBHU. 

A  grayish- white  rock  which  forms  a  large  portion  of  the  Mono  eraters. 
Collected  by  I.  0.  BosselL    Analysis  by  T.  M.  Ohatard. 

Ignition ^ 8.90 

SiOi 1 74.06 

AltOk  (trace  FeaOfe) 13.86 

CaO 0.90 

HgO a07 

KaO 4.31 

N«,0 4.00 

wnn  rowDiB  fbom  uhohtan  lau-iiiw,  nvcin  bitib. 

A  volcanic  dust  which  fell  in  the  qoatemary  Lake  Lahontan.  Sup- 
posed to  have  been  erupted  from  the  Mono  craters.  Collected  by  L  O. 
BusselL    Analysis  by  T.  M.  Chatard. 

H,0 3.91 

8iO> 71.16 

Al«0»(+Fe,0») -.16.96 

C»0 0.86 

HgO 0.41 

IfnO tnoe. 

K«0 3.30 

NaiO 4.94 

100.67 

HAB&  FBOM  '•WnTB  TBBBAOB,**  I  MOB  WBR  Of  mnUHm  SPBOTOS*  WBR  SBOBB  OP  mi* 

MIB  iAlB,  BBTABA. 

Mostly  deposited  from  the  waters  of  the  prehistoric  Lake  Lahontan. 
Collected  by  L  C.  Bussell.    Analysis  by  T.  M.  Chatard. 

CaCO, 04.88 

SIO, 98.00 

AW)b 6.14 

FteiOi 8.04 

CaO 0.93 

MgO 1.89 

H«0 3.88 

100.U 
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A.  From  IJppor  Lahontan  Lake-beds.  B.  From  Lower  Lahontad 
Lttke-beda.  O^lleoted  by  I.  G.  Bussell.  Analyzed  by  T.  H.  Chataid« 
Color  in  both  oases  grayish. 


▲. 

8. 

Ig^mtn 

SKIk 

a78 

06LM 

ICtt 

&« 

&45 

SL17 
1.80 

It.  00 

06L7f 

*iatt 

AkOi ...    

W^dk 

CM> 

10.lt 
Hit 

iLii 

Lfl 

IffO 

^■•*'* •■•••••••• 

KiO.... 

VaiO 

100.M 

100.lt 

•irithaltttlaVMk. 


BABAIT  FBOM  MOVXT  TIIBLBON.  OBBSOI, 

Ifaterial  oollected  by  J.  8.  Diller ;  by  whom  also  the  liihological  sep- 
arations were  made.    Analyses  of  rock  and  component  parts  as  follows : 

A.  Basalt.    F.  W.  Olarke. 

B.  Oronndmass.    T.  M.  Ohatard. 
G.  £typersthene.    T.  M.  Ohatard. 

v.  Feldspar,  specific  gravity,  2.eS7-2.7U.    T.  M.  Ghatard. 
B.  Feldspar,  specific  gravity,  2.714-2.877.    T.  M.  Ghatard. 


- 

▲. 

B. 

C. 

D. 

B. 

TcB^tfm .r..  . 

.00 

at.  00 

l&Ot 
\      0L7t 

T.tO 

4.80 

1.11 

.40 

.01 
88.85 

.40 

OLOO 

tnoe. 

08.04 

1.24 

.00 

■•■■■^''■"  •••■•"■••--••••••■•■  ••••••••••••••••••■••• 

MOk 

88.81 

56l40 

TI0» 

.80 

▲bC^ ...„. ,,. 

12.00 
4.00 

&41 
t.00 
1.18 
1.87 

&80 

I 

f     10.40 

OLOO 

ILOO 

28L01 

W^dh. • 

1.88 

7*0 

CttO ^ 

MfO ..„  .. 

1L41 
1.04 
0.11 

.50 

&11 
127 

KmO 

0.14 

IIiO 

.72 

OOLtO 

100.20 

06.11 

IOOlOO 

100.00 

In  B  a  trace  of  PtO|  was  found,  and  in  G  a  trace  of  manganese.  D 
and  E  are  near  labradorite,  and  are  evidently  mixtures.  G,  D,  and  B 
were  received  in  very  small  quantities ;  not  sufficient  for  ftall  analysis. 
D  and  B  therefore  were  treated  with  hydrofluoric  acid,  in  order  to 
render  possible  the  estimation  of  the  alkalies,  and  silica  was  taken  by 
difference. 

(265) 
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Less  than  half  a  gramme  of  a  fttlgnrite^  formed  by  the  fusion  of  this 
basalt  by  lightning,  was  also  partially  analyzed.  The  resalts  (Clarke) 
are  as  follows : 

Ignition 1.11 

SiOa 55.04 

^^ \   28.99 

FeaO, ) 

CaO 7.86 

MgO 5.86 

Alkalies ondet. 

96.85 
BASAiT  PBOM  PIT  UTRB,  NOBTH  OF  BVBNBT  fAUET,  0AUI<OKinA. 

Collected  by  J.  S.  Dillef.    Analysis  by  F.  W.  Clarke. 

Ignition 1.54 

SiOa 51.92 

AlaOj 19.76 

FeO  (includes  a  little  FejOi) 11.21 

CaO 9.30 

MgO 3.38 

Na.0 2.16 

K9O 0.60 

99.87 

« 

DA0ITI8  FBOM  I.A88E]f*8  PBAE,  GAUFOBNIA. 

Collected  by  J.  S.  Diller.    Analyses  by  T.  M.  Chatard. 

A.  Graydacite. 

B.  Beddish  dacite. 

C.  Inclasion  in  dacite. 


Ignitton 
SiOfl.... 
AhOi... 
FofOa... 

CaO 

MgO.... 
KaiO... 
KflO.... 


A. 


0.56 

69.51 

15.76 

8.84 

1.71 

2.09 

3.89 

8.84 

PaOf..... I    trace 


100.19 


B. 

c. 

0.44 

1.85 

6&20 

58.97 

16L08 

1&60 

8.75 

5.94 

4.88 

2.84 

2.07 

6.89 

2.96 

8.06 

1.62 

2.24 

nndet. 

100.27 

99.88 

(256) 
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TWO  SAMPLES  OF  UMESTONB  FBOM  MOPHMtlLLB  NABBOWS,  TWBlfB  MILES  BELOW  WHEEL- 
ING, W.  ?A. 

A.-  Upper  ledge.    B.  Lower  ledge.    Analyses  by  T.  M.  Chataid. 


MoiBtnre 

Insoluble 

COs 

CaO 

MgO 

FejOi 

KnO  and  PsO« 


BQUrVALBNT  TO- 


HoiBtore 

CaCOi V 

HgCOfl 

FeCOi 

Sand,  clay,  andFeiOi. 


A. 

B. 

0.06 

0.10 

10.88 

1.68 

89.18 

48.16 

48.02 

63.26 

1.08 

0.03 

0.00 

0.06 

traces 

traces 

00.66 

09.04 

0.06 

0.10 

86.76 

96.10 

2.26 

1.06 

0.78 

0.79 

10.77 

2.00 

00.66 

00.04 

MAONETIO  IBON  OBB  FBOM  If  BAB  BOZEMAN,  MONTANA. 

Found  in  the  Oallatin  Bange,  between  Middle  and  Bozeman  Oreeks, 
southwest  of  Bozeman. 
Beceived  from  A.  O.  Peate.    Analysis  by  T.  M.  Chatard. 

Inaoluble  (SiOa) 0.165 

Fe,04 96.49 

FeSi  (8=0.171) 0.321 

A1.0, 0.04 

MnO 0.93 

CaO traoe. 

MgO 0.072 

TiOa 2.71 

P,Ob 0.012 

100. 740 

The  titaninm  was  determined  in  a  separate  portion,  and  is  probably 
high  from  presence  of  iron. 

(267) 
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UMONITB  FBON  CANAAN  MT.,  TUCKER  COVNTT,  W.  TA. 

Analysis  by  T.  M.  Chatard. 

FejOj 80,53 

Moisture 13*20 

SiOa 1.95 

PaOj 1.98 

8 trace. 

CaO 2.34 

MnO — .  none. 

100  00 
COAL  FROM  CRAKSTON,  R.  L 

Analysis  by  F.  A.  Oooch.    Specific  gravity,  2.209  at  150. 

Water 0.24 

Volatile  matter 4.49 

Fixed  carbon 82.20 

Aah 13.07 

100.00 
Bolphnr , 0.34 

(268) 


WATER  ANALYSES. 

With  the  exceptions  of  the  waters  from  Moutaua,  the  Utah  Hot 
Springs,  and  the  Virginia  Hot  Springs,  the  following  water»  were  col- 
lected by  the  Division  of  the  Great  Basin,  under  the  direction  of  Messrs. 
G.  K.  Gilbert  and  I.  O.  Russell.  For  sufficient  reasons,  it  was  neces- 
sary to  abbreviate  the  analyses  as  much  as  possible,  and  this  was  done 
by  avoiding  the  direct  estimation  of  carbonic  acid.  Whenever  carbon- 
ates were  proved  to  be  present  all  the  other  ingredients  of  a  water  were 
determined  and  the  carbonic  acid,  reckoned  as  CO3,  was  taken  as  the 
difference  between  the  sum  of  their  weights  and  the  weight  of  the  total 
solid  residue.  In  computing  the  probable  compounds  formed  by  the 
union  of  acids  and  bases,  the  chlorides  and  sulphates  were  first  disposed 
of,  and  the  bases  in  excess  were  then  calculated  as  carbonates.  This 
procedure  gave  usually  a  summation  a  little  greater  or  lets  than  the 
total  solids  directly  found  upon  evaporatipg  the  water  to  dryness;  and 
the  variation  of  the  result  from  100  per  cent,  afforded  a  means  of  esti- 
mating the  probable  accuracy  of  the  analysis.  In  most  cases  the  sam- 
ples of  water  received  were  insufficient  for  a  search  after  the  less  com- 
mon elements.  These,  therefore,  were  necessarily  ignored,  except  in  so 
far  as  the  spectroscope  or  qualitative  tests  could  reveal  their  presence. 
The  gaseous  contents  of  the  waters  received  no  consideration.  In  cer- 
tain respects,  therefore,  all  the  analyses  are  to  be  regarded  as  imper- 
fect ;  although  they  are  fully  adequate  for  the  geological  purposes  which 
led  to  their  being  made. 

Each  analysis  is  stated  in  three  columns.  First,  the  aetual  weight  in 
grammes  to  the  liter  of  each  constituent.  Second,  the  percentage  of 
each  relatively  to  the  total  solid  residue.  Third,  the  probable  combi- 
nation, also  in  grammes  to  the  liter.  The  second  column  gives  a  means 
of  comparing  different  waters  as  to  their  composition,  irrespective  of 
their  greater  or  less  salinity.  The  third  column  was  computed  in  the 
simplest  terms,  and  not  with  reference  to  complex  and  doubtful  hypoth- 
eses. 

PTBAMID  LAKE,  IfETADA. 

Four  samples  of  water  were  analyzed  (Clarke),  as  follows : 

A.  -Water  of  north  end  of  the  lake,  near  the  surface. 

B.  Water  of  north  end  of  the  lake,  depth  of  108  meters. 

C.  Water  of  south  end  of  tlie  lake,  near  the  surface. 

D.  Water  of  south  end  of  the  lake,  depth  of  61  meters. 

All  four  samples  contained  suspended  flakes  of  silicious  and  calca- 
reous matter. 

19 
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A. 


[Total  solids,  3.4987  grammes  to  liter.] 


Found. 

Percent 

of  total 

solids. 

ProlMkble  oombinaliion. 

BiOt 0.0412 

S0« 0.1803 

CI 1.4298 

Ca 0.0179 

Mg 0.0800 

Na 1.1731 

K 0.0766 

L17 
5.15 

40.87 
0.51 
2.20 

33.53 
2.19 

14.29 

SiOs 0.0412 

KCl 0.1474 

NaCl 2.2411 

Na«S04 0.2867 

Na«COs  0.4788 

CaCOi 0.0447 

MgCOi 0.2800 

2.9989 
COt 0.4998 

3.4949 

99.94  percent  accounted  for. 

8.4987 

100.00 

B. 


[Total  solids :  3.4837  grammes  to  liter.] 


Found. 

• 

Percent 

of  total 

solids. 

Probable  combination. 

810s 0.0200 

8O4 0.1850 

CI 1.4342 

Ca 0.0179 

Mg 0.0805 

Na 1.1817 

K 0.0723 

0.67 

5.81 
41.17 

0.51  ' 

2.31 
88.92 

2.07 

14.14 

8iOi... 0.0200 

KCl 0.1881 

NaCl 2.2550 

NatSOi 0.2787 

Na«COt 0.4766 

CaCOi 0.0447 

MgCC 0.2818 

2.9916 
COt 0.4921 

3.4889 

Total.  100.15  per  cent 

8.4837 

100.00 

.   c. 

[Total  solids:  8.4725  grammes  to  liter.] 


Foond. 

Percent 

of  total 

solids. 

Probable  combination. 

SiOfl 0.0425 

80« 0.1772 

CI 1.4288 

Ca 

1.22 

5.10 

41.15 

SiOt 0.0425 

KCl 0.1374 

NaCl 2.2466 

Nii«S04 0.2621 

NatCOt 0.4940 

CaCOi 

Mg 0.0752 

Na L1826 

K 0.0719 

2.17 

84.06 

2.07 

14.23 

MgCOt 0.2682 

2.9782 
COt 0.4943 

8.4458 

00.23  per  cent  accounted  for. 

3.4725 

100.00 

\^im) 


CLABKB  AKD  CHATASD.J 


WATER   ANALYSES. 


21 


D. 


[Total  solids :  3.4900  gmmines  to  liter.] 


Found. 

• 

Percent 

of  total 

iolids. 

Probable  oombination. 

SiOt 0.0800 

80« 0.1864 

CI L4271 

Ca 

0.86 

5.34 

40.99 

SiO» a0800 

KCl 0.1887 

NaCl 2.2428 

Na«S04 0.2767 

HaiCOs 0.4834 

CaCOs 

Mg 0.0832 

Ha 1.1809 

K 0.0726 

2.38 

33.84 

2.13 

14.46 

HgCOt a2912 

2.9802 
COt 0.5098 

3.4618 

09.19  per  cent  accounted  for. 

8.4900 

100.00 

The  slight  differences  between  these  analyses  may  be  attributed  in 
part  to  the  fact  that  the  lake  is  fed  at  its  soathern  end  by  a  large  stream 
of  fresh  water.  The  fonr  percentage  colnmns  may  be  conveniently  com- 
pared in  the  following  table : 


A. 

B.       • 

c. 

D. 

Total  soUds 

SiOi 

3.4987 

8.4837 

3.4725 

8.4800    J 

1.17 
5.15 

40.87 
a  51 
2.29 

83.53 
2.19 

14.29 

0.57 
6.31 

41.17 
0.51 
2.81 

83.92 
2.07 

14.14 

L22 

5.10 

4L15 

0.86 

6.34 

46.89 

8O4 

CI 

Ca 

Mg 

Ka 

2.17 
34.06 

2.07 
14.23 

188 
88.84 

2.18 
14.46 

K 

CO* 

100.00 

100.00 

100.00 

100.00 

WINlfEMIJCOA  LAEB.  NBfADA. 

Specific  gravity  of  water,  1.001,  at  17o.    Analysis  by  F.  W,  Clarke. 

[Total  solids:  3.6025  grammes  to  liter.] 


Found. 

Percent 

of  total 

solids. 

Probable  combination. 

SlOi 0.6276 

8O4 0.1333 

CI 1.6934 

Ca 0.0196 

Kg 0.0173 

Ka 1.2970 

K 0.0686 

0.76 
3.70 

47.01 
0.54 
0.48 

36.00 
1.90 

9.61 

SiO» ,..    0.0275 

KCl 0.1310 

KaCl 2.6877 

KacS04 0.1972 

NaaCOj 0.4065 

CaCOi 0.0254 

MgCOs 0.0494 

3.2667 
COs 0.3458 

8.6247 

98.44  per  cent  aeoonnted  for. 

• 

8.6085 

loaoo 

(361) 
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WALKKB  LAIU:.  NKVADA. 

Two  analyses  (Clarke)  were  made;  one  nf  a  sample  taken  just  below 
tlie  surface,  the  other  of  water  frour  a  depth  of  Co.5  meters.  Both  were 
collected  by  Mr.  I.  0.  Eussell. 

A. — Surface  sample. 
[Total  aolids :  2.5155  grammes  to  the  liter.] 


Fonnd. 

Per  cent. 

of  total 

solids. 

Probable  combination. 

SiOs. 
S0«.. 
CI... 
Ca... 
Mg.. 
Na... 

K.... 

COi.. 

0.0075 

0.5275 

0.6875 

0.0267 

0.0391 

0.8577 

trace. 

0.29 

20.96 

23.36 

1.06 

•     1.55 

34.11 

18.67 

SiOa 0.0075 

NaCl 0.9681 

NuaSOj 0.7803 

NaaCOj 0.5157 

CaCOs   0.0667 

MgCOs 0.1360 

2.4762 

2.0460 
0.4695 

98.39  x>er  cent  accounted  for. 

» 

2.5155 

100.00 

B. — Lower  sample, 
[Tidal  solids:  2.4875  grammes  to  the  liter. J 


Fonnd. 

Per  cent. 
oftot4»I 
solids. 

Probable  combination. 

Si0» 0.0075 

SO4 0.5125 

CI U.5800 

Ca  0.0176 

Mg 0.0375 

Na 0.8530 

K trace. 

..30 
20.60 
23.32 

.71 

1.51 

34.20 

19.27 

SiOa 0.0075 

NaCl 0.9558 

NaaS04 0.7580 

Na?COs 0.5339 

CaCOj    0.0440 

MgCOa 0.1313 

•    2.4305 

2.0081 
COi 0.4794 

97.66  per  cent  accounted  for. 

2.4875 

100.00 

Mud  taken  from  the  bottom  of  tlic  Lake,  at  a  depth  of  68  meters,  was 
also  examined  qualitatively  by  Dr.  Chatard.  The  portion  sohible  in 
water  contained  clilorides  of  sodium  and  potassium,  with  some  sul- 
phates and  traces  of  borates.  The  residue,  extracted  with  hydrochloric 
acid,  was  found  to  contain  carbonates  of  lime  and  magnesia,  with  some 
phosphates,  iron,  alumina,  and  alkalies.  The  insoluble  portion  was  im- 
pure silica. 
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WALKER  RIVER,  NEVADA. 


The  sample  of  water  was  collected  immediately  below  the  junction  oi 
the  east  and  west  branches.    Analysis  by  F.  W.  Clarke. 

[Total  solidB :  0.1800  gnunmes  to  the  liter.] 


'   Found. 

Percent 
of  total 
BoUdB. 

SiOs 0225 

SOi 0284 

CI 0181 

Ca...^. 0228 

Iffg./. 0088 

ir» 0818 

12.60 
16.77 

7.28 
12.66 

2.12 
17.67 

82.00 

SiOs a0226 

NaCl 0.0216 

KatSOt 0.0421 

Na«COi 0.0224 

CaCOt 0.06(70 

MisCOi 0.0183 

.1224 
COi 0576 

0.1789 

99.39  per  cent  accounted  for. 

.1800 

100.00 

HTMBOLDT  BIYBB,  NBTABA. 

Sample  collected  at  Stone  House.    Analysis  by  T.  M.  Ohatard. 

[Total  solids:  0.8615  gTammes  to  the  liter.] 


Found. 

Percent 

of  total 

soUds. 

Probable  combination. 

SiOs 0826 

AlaO, 0013 

8O4 0477 

CI 0075 

Ca 0489 

Mg 0124 

Na 0467 

K 0100 

9.03 

0.37 
13.12 

2.08 
13.53 

a46 
12.92 

2.77 

42.72 

SiOs 0826 

AliOs 0018 

KCl 0157 

KtCOt 0046 

NasCOi 0660 

NatS04 0706 

CaCOi 1222 

HgCOs 0434 

.2071 
CO* 1544 

.3453 

95. 52  per  cent,  acconnted  for. 

.8616 

100.00 

If  the  loss  in  the  last  column  is  due  to  the  presence  of  alkaline  bicar- 
bonates,  and  reckoned  in  the  latter  form  to  make  up  100  per  cent.,  we 
Lave— 

NaiCOa 0200 

NaHCO. 0512 
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HOT  SPRING,  WAR»*8  RANCH,  FOOT  OF  €CANlTi£  MOUNTAIN,  NEVADA. 

Analysis  by  T.  M.  Chatanl. 

[Total  aolids :  1.1902  grammee  to  the  liter.] 


Found. 

Per  cent. 

of  total 

aolida. 

Probable  oomblnatioiL 

SiOi 0.1136 

SOi 0.3901 

CI 0.2896 

COi tzace 

Ca 0.0367 

Mg 0.0084 

Wa... 0.3564 

K 0.0191 

Li..^ trace 

Ofor'siOi....    0.0256 

9.60 
82.97 
20.25 

SiOs,  free 0.0180 

NatSiOs 0.1942 

NaaSOi... 0.4207 

NaCl 0.8065 

KCl 0.0363 

CaS04 0.1247 

Mg804 0.0179 

3.10 

0.29 

30.03 

1.61 

2.15 

L1834 

99.43  per  cent,  aoooanted  for. 

■ 

L1834 

100.00 

HOT  BPRINO,  AT  HOT  SPRINO  STATION,  NBTAOA,  0.  P.  R.  R. 


AnalyslB  by  T.  M.  Ghatard. 


[Total  Mlida:  2.4924  grammea  to  the  liter.  J 


ITioimd. 

Percent 

of  total 

aolida. 

Probable  oombination. 

aOi a2788 

SOi 0.8665 

CI 0.9679 

Ca 0.0806 

Hg 0.0010 

Al 0.0010 

Ha 0.7748 

K 0.0669 

Li trace. 

OinSlOB 0.0194 

1L14 

14.25 

8&79 

1.23 

0.04 

0.04 

8L04. 

2.69 

.78 

SiOi.  ft«e 0.2000 

NaoSiOs... 0.1480 

NaCl 1.4946 

Na«S04 0.4039 

KCl ai278 

Ali(SOi). 0.0068 

HgSOi aooeo 

CaSOi ai087 

2.4958 

100.11  per  cent,  aooonntedior. 

2.4968 

100.00 
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L4IUJER  MODA  LAKE,  NEAB  KA(«TOWf<,  NKVAIM. 

Specific  gravity  of  water,  1.101.  Two  aualyses  (Ghatard)  were  made, 
one  of  a  sample  taken  jast  below  tbe  surface,  the  other  of  water  from  a 
depth  of  30.5  meters. 

A. — Surface  sample, 
[Total  solids :  125. 1300  grammes  to  the  liter.] 


Found. 

Percent, 
oftotel 
solids. 

Probable  oorobination. 

RIOt 0.304 

S0« 12.960 

01., 45.690 

0.24 

•10.36 

36.51 

0.25 

0.22 
36.63 

2.01 

13.78 

SiOt 0.804 

KCl 4.820 

NaCl 71.470 

Na«S04 19.170 

Na^Os 26.410 

NatB«0f 0.404 

MgCOs 0.940 

B4OT 0.314 

Mg 0.270 

N» 45.840 

K 2.620 

107.898 
C0» 17.232 

123.518 

98.71  per  cent  accounted  for. 

125. 130 

100.00 

If  the  loss  in  the  last  column  be  reckoned  as  due  to  the  presence  of 
bicarbonates,  it  gives,  to  make  up  100  per  cent. : 

NagCO, 23.640 

NaHCOs 4.382 


B. — Lower  sample, 
[Total  solids :  125.1500  grammes  to  the  liter.] 


Found. 

Per  cent, 
oftotel 
solids. 

Probable  combinatioii. 

SlOt 0.310 

80a 13.150 

CI 44.270 

B4OT 0.327 

Mg 0.270 

Ka 44.270 

K 2.670 

-4>.25 

10.50 

35.88 

0.26 

0.21 

35.38 

2.13 

15.89 

SiOa 0.810 

KCl 6.110 

NaCl 68.980 

NaaS04 19.450 

NsaCOs 24.840 

Na«B407 0.417 

MgCOi 0.940 

105.267 
COi 19.883 

119.997 

95.88  per  cent  accounted  for. 

126.150 

100.00 

Beckoning  the  loss  in  the  last  column  as  in  the  case  of  the  surface 
sample,  we  have — 

NaiCOs 16.040 

NaHGOi 13.953 
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From  the  waters  of  tliis  lake  sodium  carbonate  is  mauiifactured  ui>ou 
a  commercial  scale.  Several  brines  and  products  obtained  in  this 
manafactnre  were  qualitatively  examined  by  Dr.  Ohatard.  A  more 
complet'C  investigation  may  be  undertaken  at  some  future  time.  A  pale 
pink-colored  brine,  from  which  summer  soda  had  been  taken,  and  in 
which  salt  had  begun  to  crystallize,  was  found  to  contain  carbonates, 
chlorides,  and  sulphates  of  sodium  and  potassium,  with  some  alkaline 
phosphates  and  borates.  The  pink  color  was  probably  due  to  organic 
matter.  A  concentrated  biine  from  the  Little  Soda  Lake  contained 
similar  ingredients,  minus  the  phosphates.  In  a  crystalline  mass  from 
a  vat  at  the  same  locality  the  same  constituents  were  found,  with  phos- 
phates and  a  trace  of  lime.  From  this  vat  five  annual  crops  of  soda 
were  said  to  have  been  taken.  The  sodium  carbonate  as  it  goes  to 
market  from  the  smaller  Soda  Lake,  contains  as  impurities,  sand,  clay, 
considerable  chloride,  some  sulphate,  a  little  borate,  a  trace  of  phos- 
phate, and  some  potassium  salts. 

MONO  LAKE,  CALIFOBNIA,' 

A  sample  of  water  taken  near  the  surface.    Analysis  by  T.  M.  Cha- 
terd.    Specific  gravity,  1.045  at  15^.5. 

[Total  soUdB :  51.8500 grammeB  to  the  liter. J' 


Foand. 

Percent, 
of  total 
BOlids. 

Probable  combination. 

SiOt 0.2800 

SO4  6.8100 

CI    12.1300 

0.54 

13.11 

23.39 

0.34 

0.55 

9.28 

36.46 

2.23 

23.10 

SiO 0.2800 

KCl 2.2800 

NaCl 18.2200 

Na«S04 10.0700 

Na«B40r 0.2000 

NaiCOf 19.4900 

CavCOi 0.6800 

MgCOi 0.3600 

B4OT 0.1600 

Ca 0.2900 

Mg 0.1300 

Na ia9100 

K 1.1800 

89. 8700 
C0« 11.9800 

61.5300 

00.60  per  cent,  acconnted  for. 

51.8500 

100.00 

Mud  from  the  bottom  of  the  lake,  taken  at  a  depth  of  over  30  meters, 
was  also  examined  qualitatively.  The  portion  soluble  in  water  contained 
chlorides  of  potassium  and  sodium,  no  sulphates,  some  carbonates,  and 
traces  of  sulphides.  The  portion  soluble  in  hydrochloric  acid  contained 
iron,  alumina,  lime,  and  alkalies,  with  a  little  boric  acid.  The  insolu- 
ble residue  consisted  of  sand  and  silica. 


^  A  second  sample  of  Mono  Lake  water,  taken  from  a  depth  of  30  meters,  oontained 
69.8560  grammes  to  the  Uter. 
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8PB1NG  ON  TUFA  €RA(J,  IN  MONO  LAKK. 


Analysis  by  T.  M.  Chatard. 


[Total  solids :  0.2918  gramme  to  the  liter.] 


Found. 

Per  cent, 
of  total 
solids. 

Probable  combination. 

SiO« 0178 

SO4 0546 

CI 0144 

Ca 0414 

Mg 0044 

Na 0513 

K 0088 

6.10 
18.71 

4.03 
14.19 

1.51 
17.  58 

3.02 

33.96 

SiOa 0178 

KCl 0169 

NaCl 0104 

NaaS04 -0709 

NaaCOa 0606 

CaCOa 1036 

MgCOs 0154 

.  1927 
COt 0991 

.2945 

Total,  100.91  per  cent. 

.2918 

100.00 

The  water  of  the  "  Petroleum  Spring,''  on  an  island  in  Mono  Lake, 
yielded  a  solid  residue  of  0.8775  gminme  to  the  liter.  It  contains  car- 
bonates, chlorides,  and  silicates ;  the  bases  being  sodium,  potassium, 
calcium,  magnesium,  and  aluminum. 

WABM  SPRING,  AT  WARM  SPRING  STATION,  MONO  BASIN. 

« 

Analysis  by  T.  M.  Chatard. 

[Total  solids :  2.0850  grammes  to  the  liter.] 


Fonnd. 

Per  cent 
of  total 
solids. 

Probable  combination. 

Si0» 0.1545 

SO4 0.3131 

CI 0.2272 

Ca 0.0589 

Mg 0.0604 

Na 0.6116 

K 0.0630 

Li trace. 

AltOi 0.0018 

7.4C 
15. 13 
10.98 

2.84 

2.92 
29.  56 

3  05 

0.09 
27.97 

AI2OS 0.0018 

KCl 0.1203 

NaCl 0.2799 

NatS04 0.4631 

NasSiOs.. 0.2480 

Na«COs 0.6972 

CaCOs 0.1476 

MgCOs 0.2114 

2.0692 

1. 4905 
COt 0.5945 

99.24  per  cent,  accounted  for. 

2.0850 

100.00 
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BOILlNfl  8PB1NG,  FOUR  MILES  8.  E,  OP  SHAFFER'S  RANCH,  HONET  UKB  TALLEf ,  OALIFORNIA. 

Analysis  by  T.  M.  Chatard. 

(Total  aolida :  1,0218  gramme  to  the  liter.] 


Foand. 

Per  cent, 
of  total 
aoUda. 

Probable  combination. 

SiOt 

SO* 

CI 

Ca..'. 

Mg 

Na 

K 

OforSiOt.... 

0. 1310 
0.3492 
0.2070 
0.0121 
0.0004 
0.3040 
0.0094 

0.0080 

12.83 

34.19 

20.27 

L18 

0.04 

29.78 

0.92 

0.79 

SiOs.  fr<« 0.1008 

NasSiOs 0.0618 

NasSOA 0.4716 

NaCl 0.32M 

KCL- 0.0180 

CaSOi 0.0409 

MgSO« 0.0020 

L0211 

1.0211 

100.00 

99. 93  per  cent,  aoooantedfor. 

Two  other  springs  in  Honey  Lake  Valley  were  examined  qualitatively. 
In  the  water  of  the  High  Rock  Spring  were  found  carbonates,  chlorides, 
and  sulphates  of  calcium,  magnesium,  sodium  and  potassium,  with  a  lit- 
tle silica.  The  Lower  Hot  Spring  contained  chlorides  and  sulphates  of 
thn  same  bases. 

LAKE  TAHOB,  OAUFOBNIA. 

Analysis  by  P.  W.  Clarke. 

[Total  solids :  0.0730  gramme  to  the  liter.] 


Found. 

Per  cent, 
of  total 
solids. 

Probable  combination, 

SlOt 0137 

80« 0054 

CI 0023 

Ca 0093 

Mg 0030 

Na 0078 

K 0033 

1&77 
7.40 
3.14 

12.74 
4.11 

10.00 
4.52 

39.82 

SlOt 0137 

KCl 0034 

NaCl 0012 

KjS04 0084 

NaiSOt 0062 

NatCOt 0117 

CaCOg 0288 

MgCOt 0105 

.0443 
COt 0287 

.0728 

.0730 

100.00 

99  04  per  cent  aocomited  for. 

ABEBT  LAKE,  OBEOOPr. 


The  water  of  this  lake  was  collected  b^^  I.  0.  Bussell,  at  a  x>oint  about 
160  meters  off  from  the  west  shore.  It  was  analyzed  by  Mr.  F.  W. 
Taylor,  of  the  Smithsonian  Institution,  and  the  analysis  is  here  indaded 
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merely  for  the  purpose  of  completing  the  series  of  waters  specially  ex- 
amined for  the  division  of  the  Great  Basin.    Specific  gravity,  1.02317 

Contents  in  one  liter. 

SiOa 0.066 

NaCl 7.217 

KCl 8.455 

KjSO* , 0.921 

KsCOs 10.691 

MgCOs : 10.006 

27.355 

An  ef9orescence  from  the  north  shore  of  the  lake,  examined  qualita- 
tively by  T.  M.  Ghatard,  contained  carbonates  and  chlorides  of  sodium 
and  potassium,  with  traces  of  sulphates,  phosphates,  and  calcium. 

UTAH  UKE,  UTAH. 

Analysis  by  F.  W.  Glarke. 

[Total  solids :  0.8060  gramme  to  the  liter.] 


Foond. 

Per  cent. 

of  total 

solids. 

Probable  combination. 

SiOi 0100 

80c 1806 

Cl 0124 

Ca 0668 

Mg 0186 

Va 0178 

3.27 
42.68 

4.04 
ia24 

&08 

5.81 

19.88 

SiOi    0100 

NaCI 0204 

NafCO, 0204 

CaS04 1849 

CaCOs 0038 

MgCO, 0644 

.2452 
COb 0608 

.8039 

09. 31  per  cent  accoonted  for. 

.8060 

100.00 

A  little  potassium  is  present,  but  was  not  separately  estimated. 

OITT  CREEK,  UTAH. 

Water  coUected  above  the  reservoir  which  supplies  Salt  Lake  Gity. 
Analysis  by  T.  M.  Ghatard. 

[Total  solifls :  0. 2400  gramme  to  the  liter.] 


Found. 

Per  cent, 
of  total 
solids. 

Probable  combination. 

aOi...., 0090 

AUOi 0010 

8O4 0070 

Cl 0131 

Ca 0589 

Mg 0174 

Na 0091 

3.09 
0.41 
2.87 
5.38 
24.19 
7.15 
3.74 

52.57 

SiOt 0090 

AlsOi COlO 

NaCl 0216 

Na«COt 0014 

CaS04 0099 

CaCOs 1400 

MgCOt 0606 

.1155 
C0« 1245 

.2436 

Total,  lOL  45  per  cent 

.2400 

100.00 
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BEAB  RIYER,  UTAH. 


Analysis  by  F.  W.  Clarke. 


[Total  solids :  0. 1846  grammo  to  tho  liter.J 


Found. 

Per  cent. 

of  total 

solids. 

Probable  oomjiination. 

SiOi 0070 

SO4 0105 

Cl 0049 

Ca 0432 

Mg 0125 

Na 0082 

3.79 
5.69 
2.65 
23.41 
6.78 
4.44 

63.24 

SiO, ,      .0070 

NaCl 0081 

K'aaS04 0166 

CnCO, 1080 

MgCOa 0438 

.1824 

.0863 
CO, 0982 

98. 86  per  cent  acooanted  for. 

.1845 

100.00 

[BULL.  9. 


UTAH  HOT  SPRINGS,  EIGHT  MILES  If.  OF  06DEN,  UTAH. 

Water  received  through  the  Smithsonian  Institution.     Beported 
temperature  55^.    Analysis  by  F.  W.  Clarke. 

I  Total  solids :  23.1150  grammes  to  the  liter.l 


Fonnd. 

Per  cent 

of  total 

solids. 

Probable  combination. 

SiOs 0.0460 

AltOs 0.0040 

SOi 0.2184 

Cl 13.7030 

Br trace. 

COs nndet 

Ca 1.1428 

Mg 0.0929 

Na 7.0826 

K 0.8759 

li trace. 

0.20 

0.02 

0.94 

59.28 

SiO« 0.0460 

Ala03 0.0040 

KCl 1.6732 

NaCl 18.0168 

CaCla 2.9187 

MgCl« 0.1398 

CaS04 0.3094 

MgCOa 0.2016 

4.83 
0.40 

30.64 

3.79 

23.3096 

Total,  100.84  per  cent 

23. 1655 

100. 10 

The  CO3  iu  the  last  column,  having  been  proved  to  be  present,  was 
computed  to  satisfy  the  excess  of  magnesium  after  the  other  acids  had  all 
been  balanced.  The  water  as  received  contained  no  iron  in  solution, 
but  held  an  abundant  ferruginous  deposit. 
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UTINGSTON  WARM  SPRINGS,  MONTANA. 

Water  received  from  A.  C.  Pe»le.    Analysis  by  F.  W.  Clarke.    Free 
HaS  present. 

[Total  solids :  0.7575  gramme  to  the  liter.] 


Found. 

Per  cent. 

of  total 

solids. 

Probable  combination. 

SiOs 0290 

SO4 2224 

CI 0124 

Ca 1678 

Mg 0438 

Na t)266 

K 0041 

3.83 
29.37 
1.64 
22.11 
6.79 
3.38 
0.55 

88.83 

SiOt 0290 

KCI 0078 

NaCl 0148 

NaaCOs 0461 

CaCOt 1880 

CaS04 3150 

MgCOs 1533 

.5051 
CDs 2624 

.7535 

99.47  per  cent,  accoanted  for. 

.7575 

100.00 

WARM  SPRINGS  OF  EMIGRANT  GULCH,  YELLOWSTONE  YALLET,  MONTANA. 

Water  received  from  A.  C.  Peale.    Analysis  by  F.  W.  Glarke. 

[Total  solids :  0.2360  gramme  to  the  liter.] 


Found. 

Per  cent 

of  total 

solids. 

Probable  combination. 

SiOt 0317 

6O4 0329 

CI 0074 

Ca 0346 

Mg 0077 

Na 0299 

K 0043 

13.49 
14.00 

3.15 
14.72 

3.28 
12.72 

1.83 

36.81 

SiOj 0817 

KCI 0088 

NaCl 0068 

KasS04 0487 

NatCOt 0274 

CaCOs 0866 

MgCOs 0260 

.1485 
COb 0865 

.2868 

Total,  100.18  per  cent 

.2850 

100.00 
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Water  received  from  A.  C.  Peale.     Reported  temi>erature,  6O.60. 
Analysis  by  F.  W.  Clarke. 

[Total  ftolids :  0.6225  gramme  to  the  liter.] 


Found. 

Percent 

of  total 

solids. 

Probable  combination. 

SiOj 0938 

SO4 .1854 

CI 0362 

Ca 0107 

Hg trftce. 

Ka 1873 

K trace. 

Li trace. 

15.06 

29.78 

5.82 

1.72 

Si0» 0938 

NaCl 0596 

NaiCOi 1730 

CaCOs 0268 

Ka2S04 2742 

30.09 
17.53 

.6274 

Total,  100.79  per  cent 

.5134 
C0» 1091 

.6225 

100.00 

MILL  OBBEK  COLD  SPRING,  YELLOWSTONE  YALLET,  MONTANA. 

Water  received  from  A.  C.  Peale.    Highly  effervescent, 
temperature,  4.6  o.    Analysis  by  F.  W.  Clarke. 

[Total  solids :  3.8125  grammes  to  the  liter.] 


Found. 

Percent 

of  total 

solids. 

Probable  combination. 

SiO« 0.0250 

AliOs.FeiOs.    0.0875 

S0« 0.6500 

CI 0.2771 

I trace. 

Ca 0.3768 

Mg 0.0811 

Na 0.8814 

K 0.0513 

Li trace. 

0.66 

2.20 

17.  (»5 

7.27 

SiOt 0.J025O 

KCl 0.0981 

NaCl 0.8795 

Na«S04 0.9402 

NasCOs 0.9668 

MgCOs 0.2838 

FeCOs 0.1268 

CaCOs 0.9270 

CaS04 0.0204 

9.88 

2.13 

23.12 

1.34 

86.26 

3.7861 

2.4302 
COs 1.3823 

99.31  per  cent  accoonted  for. 

3.8125 

100.00 

Reported 


In  this  analysis  the  amount  of  available  material  was  insufficient. 
The  iron  in  the  third  column  is  made  to  include  the  trifling  quantity  of 
aluminum  which,  though  present,  could  not  be  separately  estimated ; 
and  the  calcium  sulphate  was  directl}^  determined  as  such  in  the  insolu- 
ble residue  left  upon  evaporating  the  water  to  dryness.  The  carbonates 
in  the  original  water  are  all  undoubtedly  bicarbonates,  and,  reckoned 
as  such,  should  receive  the  following  weights:  Sodium  bicarbonate, 
1.5618;  calcium  bicarbonate,  1.5017;  magnesium  bicarbonate,  .4d32; 
ferrous  bicarbonati*,  .1915. 
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TIBCIIHIA  HOT  SPBIHfiS,  BATH  OOniTT,  TlBfilllU. 

The  waters  of  six  different  springs  were  received  from  the  Yirginia 
Hot  Springs  Oompany,  as  follows : 

A.  Boiler  bath.    Temperature,  41^  C. 

B.  Hot  spoat  bath.    Temperature,  4fP.5  0. 
0.  Octagon  bath.    Temperature,  38^  0. 

D.  New  hot  spring.    Temperature,  31^  0.  / 

B.  **  Sulphur  ^  bath.    Temperature,  36o.5  0. 

F.  ^^  Magneei^n  "  spring.    Temperature,  25^.5  0. 

Analyses  by  F.  W.  Olarke.  Traces  of  bromine  were  found  in  A  and 
B.  The  other  waters  were  so  similar  to  these  that  bromine  was  not 
spedally  sought  for  in  them. 

A,^Bailer  haik. 
[Total  ■dlldi:  0.5075  gnmme  to  Um  Uter.] 


Found. 

Per  cent, 
of  total 
'ftolid*. 

Frobftblo  oomUiUiittaB. 

SlOt 0275 

B0« 1810 

01 0050 

AliOt; 0020 

Oa 1856 

4.60 
22.07 
0.83 
0.82 
22.60 
6.06 
2.08 
LOO 

88160 

SiOi 0275 

AlaOf 0020 

KCl 0105 

EaSOi 0188 

yifSOi 0870 

CiiSOt 1407 

CaCOi 2855 

HgCOb 1248 

Hg 0887 

Ha 0120 

K 0U7 

.8614 
OOi 2861 

.6018 

OOl  OOper  Oflnt.  Moonnted  lbs; 

.6075 

lOOlOO 

B,—Rot  tpout  hath. 
(Total  soUdt :  0.5025  gnmme  to  tho  litor.] 


Voond. 

Percent 

of  total 

solid!. 

SlOt '   .0285 

B0« 1286 

01 0044 

AliOi 0025 

Ca 1875 

Hg 0848 

Va 0001 

K 0182 

8.07 
2L81 
0.74 
0.42 
28.21 
6.70 
L68 
2.28 

40.20 

HlOk 0285 

AlaOf 0025 

KCl 0002 

Ks80« 0187 

Vag80«. 0281 

Ca80« 1424 

CaCOb 2880 

HgCOt 1201 

.8548 
00ft 2B82 

.5885 

88.46per  eenl  Moonnted  fiuE. 

.6025 

100.00 

Biin.9- 
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C.^Ootagon  hath, 
[Total  solidB :  0.5940  gmmne  to  the  liter.] 


[BUIX..9. 


Found. 

Per  cent. 

of  total 

solids. 

Probable  eombinatlfln. 

SiOi. 0256 

B0« 1864 

,C1 0041 

AliOi 0085 

Ca 1878 

Ifg 0348 

Ka 0096 

K 0128 

4.29 
22.96 
0.69 
0.69 
23.20 
6.86 
1.61 
2.15 

3a  65 

SiOi 0286 

AWH 0086 

KCl 0086 

KjSOi 0186 

NatS04 0296 

CaSOi 1604 

CaCOs 2840 

MgCOs 1218 

.8646 
COt 2295 

.5919 
99. 64  per  cent  acooimted  for. 

.6940 

100.00 

D, — New  kot  spring. 
[Total  solids :  0.6740  gramme  to  the  liter.] 


Fonnd. 

Percent 

of  total 

solids. 

Probable  combination. 

fiiOfe 0285 

80« 1294 

CI 0029 

AkOs 0060 

Ca 1329 

ICg 0851 

Na 0090 

K 0127 

4.09 
22.54 
0.60 
1.04 
23.15 
6.13 
1.67 
2.21 

38.77 

SiOs 0286 

AliOa 0060 

KCl 0061 

K»S04.... 0212 

yasS0« 0278 

CaS04 1401 

CaCOs... 2272 

MgCOs 1228 

.3616 
CDs 2226 

.6747 

Total,  100.12  per  cent 

.5740 

100.00 

E.—"  Sulphur  »  haih. 
[Total  solids :  0.5775  gramme  to  the  liter.] 


Per  cent. 

of  total 

soUds. 

Probable  combination. 

■ 

SiOs 0280 

80« 1278 

CI 0032 

AlaOs .0066 

Ca 1818 

Hg 0380 

Na 0136 

K 0107 

8.98 
22.04 
0.55 
1.13 
22.82 
&71 
2.86 
1.85 

89.66 

SiO, 0280 

AUOs .0066 

KCl 0068 

Kt804 0168 

NasS04 0420 

CaS04 1278 

CaCOs 2366 

MgCOs 1166 

.8491 
COk 2284 

.6729 

99.20  per  cent  aoconnted  for. 

• 

.6775 

100.00 

1?H^ 
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No  HtS  nor  salphides  were  found  in  this  water.    The  spring,  howevery 
is  said  to  have  at  times  a  '^salphor  odor." 

F. — Magneskm  ipring. 
[Total  solida;  0.8826  gnmme  to  theUter.] 


Foand. 

Ferceni. 

of  total 

solida. 

SiOs. 

o«.. 

CI... 
Oa... 

Ha... 

jiL.  •■• 

OOi.. 

0120 

0731 

0020 

0067 

0200 

0006 

0071 

8.14 
ia85 
0.63 
35.03 
5.46 
1.70 
L85 

SlOi 0130 

KCl 0043 

E^aO* 0100 

NatSOi 0301 

CaSOi 0744 

CaCOi 1840 

M^Ok 0781 

8793 

.2168 
1403 

48.46 

00.14  pet  oaat.  amoontad  ftr. 

.8826 

100.00 

Why  thisspringis  specially  named  <<  Magnesian"  isnot  explained*  It 
will  be  noted  that  this  spring,  the  coolest  of  the  series,  is  proportionally 
richer  in  carbonates  and  poorer  in  sulphates  than  the  others.  This  re- 
lation is  shown  by  a  comparison  of  the  percentage  columns. 
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THB     BSnMATlOK     OF     AUCAUES     IN 
THOUAS  M.  CHATASD. 

Walter  Hempel  proposed  (Fres.  Zscbr.  1881,  p.  196)  bismuth  sabni- 
trate  as  a  meaDS  of  decomposing  silicates  oootaiDing  alkalies,  and  ree- 
ommended  the  use  of  20  parts  of  this  salt  (=10  parts  of  bismuth  oxide) 
to  one  port  of  the  silicate.  In  the  Berichte  d.  D.  Ohem.  Gesellsch,  1881, 
there  is  an  abstract  of  hia  paper,  iu  which  is  proposed  the  use  of  bis- 
muth oxide  directly. 

This  process  has  been  in  use  in  this  laboratory  for  the  past  six  months, 
and,  with  some  modifications,  has  given  grent  satis&ction.  Biemnth  ox- 
ide has  been  nsed  instead  of  the  subnitrate,  and  experience  has  shown 
that,  instead  of  ten  parts,  as  stated  above,  two  parta  of  oxide  to  on«  part 
of  the  mineral  are  ample  in  every  case  in  which  we  have  employed  the 
method. 

Tbe  oxide  and  mineral,  both  finely  powdered,  mnst  be  most  thor> 
oughly  mixed,  and  then  heated  in  a  platinum  cmcible ;  applying  at  first 
a  gentle  beat  and  gradoally  increasing  to  fall  red  nesfi,  which  is  kept  up 
ten  to  fifteen  minntes.  In  tbe  case  of  an  acid  silicate,  complete  fosion 
may  result,  while  the  more  basic  the  silicate  the  less  fusible  the  mix- 
ture will  be.  *  Complete  decomposition  has  been  obtained  when  the  result- 
ing mass  was  so  slightly  sintered  together  as  to  foil  on  gentle  pressure 
into  powder,  none  of  which  adhered  to  the  omdble.  It  has  therefore 
been  found  advantageous,  in  dealing  with  acid  silicates,  to  add  to  the 
mixture  a  quantity  of  calcinm  carbonate,  in  weight  equal  to  that  of  the 
mineral.  This  device  prevents  the  fUsion  which  might  hinder  the  ^ter 
treatment  with  acid. 

After  the  mass  has  been  thoroughly  heated  to  bright  redness  it  is  al- 
lowed to  cool,  placed  in  a  dish,  and  hydrochloric  acid  somewhat  diluted 
poured  over  it.  On  heating  over  the  water  bath  the  mass  fhonld  go 
into  solution  rapidly,  leaving  no  residue  of  undecomposed  mineral, 
which  is  easily  distingaishble  from  floating  flakes  of  silica.  . 

If  complete  analysis  is  required,  evai>orate  to  dryness  and  separate 
the  silica,  as  in  a  soda  ftasion,  afterwards  removing  the  bismnth  by  anl- 
phoreted  hydrogen.  If  only  alkalies  are  to  be  determined,  add  ammo- 
nia and  ammonium  carbonate,  filter,  and  separate  magnesia  from  the 
alkalies  by  any  of  tbe  usual  methods. 

*  (276) 


auTAm]        fiSTDCATIOK  OF  ALKAUES.  87 

Thei^Boltsof  thifipiooessliaTebeenyeryBatisfkMsto  Oat  of  a  large 
number  of  analyses  fhe  following  daplioate  lias  been  selected  as  being 
soffldent  to  show  the  aocniaqy  of  the  work.  It  may  be  remarked  that 
in  the  ease  of  this  margaiite  (a  very  bade  silicate)  the  mass  was  bat 
dightly  sintered  together. 

1.0900  grapimeB  gsTe  0.0440  alkali  ch1nridgwO.0B83  KagOsMB  per  oent 
1.QS43  gmmnea  ga>T6  a04SS  alkali  cMatideBgO.0B31  NagOBSL85  per  oenl 
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AbertLake ..*.- - 28 

AiiTftiifl^  in  i|ji^4^t4m^  flfltimatlnai  of 86 

AUanite^ 10 

Alnmioek—.. •••..•.•.•......•• 13 

Alnnogen ,  13 

Baaalt  from  Mount  Thielaon 15 

Basalt  from  Pit  Biver 16 

BearBiver 30 

Beryl U 

Boiliog  Spring,  Honey  Lake  Valley,  CalifomiA 28 

Cimolite 12 

City  Creek 89 

Clays  foom  Mill  City,  Nevada 16 

Coal  from  Cranston,  Bhodelslanct 18 

Dacites  from  Lassen's  Peak 16 

Damoarite 11 

Emigrant  Gnlch,  WarmSpiingB 31 

Fnlgorite 16 

Oahnite 9 

Halloysite 12 

Halotnchite 14 

Helena  Hot  Springs .^ 32 

High  Bock  Spring,  Honey  Lake  Valley,  Califoxnia 28 

Hot  Spring,  Hot  Spring  Station,  Nevada 24 

Hot  Spring,  foot  of  Granite  Mountain,  Nevada 24 

Homboldt  Biver 23 

Inclasion  in  daoite .••.•••• 16 

Jade 9 

Lahontan  beds,  powder  from • 14 

Limestones,  West  Virginia 17 

Limonite ..••••..... 18 

Livingston  Wann  Springs 31 

Lower  Hot  Spring,  Honey  Lake  Valley,  California 28 

Magnetite,  from  Montana • 17 

Margarite 11 

Marl  from  Nevada — 14 

Mill  Creek  Cold  Spring : 32 

Mono  Lake 26 

Obsidian,  sooriaoeons 14 

PectoUte 9 

Petroleum  Spring,  Mono  Lake 27 

Proohlorite - 13 

Pyramid  Lake 19 

Sanssorite IP 

Sooriaoeons  obsidian 14 

SHicates,  estimation  of  alkalies  in V 
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(Bulletin  Va  10.) 


The  pnbllcationa  of  the  United  States  Oeologioal  Sanroy  «re  iaaaed  in  aooordanoe  with  the  stAtnte, 
approved  March  8, 1879,  which  declares  that— 

"  The  publications  of  the  Geological  Sarvoy  shall  consist  of  the  annual  report  of  operations,  geolog- 
ical and  economic  maps  illustrating  the  resources  and  classifications  of  the  lands  and  reports  upon  gen- 
eral and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological  Survey 
shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  director,  but  other- 
wise in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  pablished  for  scieniific  exchanges 
and  for  sale  at  the  price  of  publication ;  and  all  literary  and  cartographic  materials  received  in  ex- 
change shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organisation : 
And  the  money  resulting  from  the  sale  of  auch  publicatioas  shall  be  covered  into  the  Treasury  of  the 
United  Scatee." 

On  .Tuly  7, 1882,  the  following  joint  resolution,  refeiring  to  aU  Government  publications,  was  paaeed 
by  Congress : 

That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congreea,  there  shall  be  printed 
in  addition  to  the  number  in  each  case  stated,  the  "  usual  number  "  [1,900]  of  copiee  for  binding  and 
distribution  among  those  entitled  to  receive  them. 

Under  these  geaeral  laws  it  will  be  seen  that  none  of  the  survey  publioatioiia  are  ftimished  to  it  Ibr 
gratuitous  distribution.  The  3,000  copies  of  the  annual  report  are  diatribnted  through  the  document 
rooms  of  Congress.  The  1,900  copies  of  each  of  the  publications  are  distributed  to  the  ofEloers  of  the 
legislative  and  executive  departments  and  to  stated  depositories  throaghont  the  United  Statea. 

Except,  therefore,  in  those  cases  where  an  extra  number  of  any  publioation  ia  supplied  to  this  oiBoe 
by  special  resolution  of  Congress,  as  haa  been  done  in  the  case  of  the  second,  .third,  fourth,  and  fifth 
annual  reports,  or  where  a  number  has  been  ordered  for  its  use  by  the  Seoretaiy  of  the  Intetior,  as  in 
the  case  of  Williams^s  Mineral  fiesonrcea,  the  survey  has  no  copies  of  any  of  itapabUcatlona  for  patn- 
itous  distribution. 

A27NUAL  RBP0RX8. 

Of  the  Annual  Reports  there  have  been  already  published : 

L  First  Annual  Beport  to  the  Hon.  Carl  Sohurs,  by  Clarence  Xing.  1880.  8^.  79  pp.  1  mni.— A, 
preliminary  report  describing  plan  of  organisation  and  pnblioations. 

II.  Report  of  the  Director  of  the  United  States  Geological  Survey  for  1880»'81,  by  J.  W.  FowelL 
1882.    80.    Iv,  588  pp.    61  pi.    1  map. 

III.  Third  Annual  Beport  of  the  United  SUtes  Geological  Survey,  1881-*82,  by  J.  W.  Powell.  1888. 
tP.    xviii,  564  pp.    67  pL  and  maps. 

lY.  Fourth  Annual  Beport  of  the  United  States  Geological  Survey,  1888-'88,  by  J,  W.  PoweUL    1884. 
8^.    xii,  473  pp.    85  pi.  and  maps. 
The  Fifth  Annual  Beport  is  in  press. 

MONOGRAPHS. 

So  far  as  already  determined  upon,  the  Uat  of  the  Monogn^hs  ia  as  foUowsi 
L  The  Precious  Metals,  by  Claienoe  King.    In  preparation.  * 

n.  Tertiary  History  of  the  Grand  Cafion  District,  with  atlas,  by  Capt  C.  B.  Dntton.    Published. 
Itl.  Geolojqr  of  the  Comstoek  Lode  and  Washoe  IMstriot,  with  atlas,  by  George  F.  Becker.    Pub- 
lished. 

IV.  Comstoek  Mining  and  Miners,  by  Bliot  Lord.    Published. 

y .  Copper-bearing  Books  of  Lake  Superior,  by  Proil  B.  D.  Irving.    Pnbliahed. 
VI.  Older  Mesosoic  Flora  of  Virginia,  by  Prof.  Wm.  M.  Fontaine.    Pnbliahed. 
Vn.  Silver-lead  Deposits  of  Bureka,  Nevada,  by  Joseph  S.  Curtis.    Published. 
VUL  Paleontology  of  the  Eureka  District,  Nevada,  by  Charles  D.  Waloott    In  press. 
IX.  Brachiopqd*  e&d  Lamellibranohiata  of  the  Green  Marls  and  Clays  of  New  Jersey,  by  B.  V 
Whitfield. 
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DBPABTMENT  of  the  iNTBBIOBy 

United  States  Geologioal  SuBVEYy 

Washington  D.  C,  JiOy  1, 1884. 

SiB:  Herewith  I  have  the  honor  to  transmit  the  first  of  my  prelimi- 
nary stadies  on  the  Gambrian  Faunas  of  Forth  America. 

The  fiaanas  studied  are  under  discussion  at  the  present  time,  and  an 
early  publication  is  desirable. 
Very  respectfiilly, 

OHABLES  D.  WALOOTT. 
Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey. 
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ON  THE  CAMBRIAN  FAUNAS  OF  NORTH  AMERICA. 


PRELIMINARY    STUDIES. 


Bv  Charles  D.  Waloott. 


HE  VIEW  OF  THE  FAUNA  OF  THE  SAINT  JOHN  FORMATION 
CONTAINED  IN  THE  HARTT  COI^I-ECTION  AT  COBNEI^I^ 
UNIVERSITY.^ 

During  the  sammer  of  1877  the  writer  visited  Saint  John,  N.  B., 
and  taking  advantage  of  information  kindly  given  by  Mr.  O.  F.  Mat- 

^The  term  ''Saint  John  Gronp''  was  first  proposed  in  1865  (Observations  on  the 
Geology  of  Southern  New  Brnuswick,  Fredericton,  N.  B.,  pp.  26-32)  by  Messrs.  L.  W. 
Bailey,  G.  F.  Matthew,  and  C.  F.  Hartt.  Subsequently,  Mr.  J.  W.  Dawson  (Acad.  Geol. , 
2nd  ed.,  p.  638,  IdQ^)  proposed  to  substitute  the  name  Acadian  for  the  same  forma- 
tion. He  says :  '*  This  formation  has  as  yet  been  known  as  the  Saint  John  Group ;  but 
I  think  this  name  unsuitable,  both  on  account  of  the  number  of  places  known  as  Saint 
John,  and  on  account  of  the  variety  of  formations  occurring  near  Saint  John,  in 
New  Brunswick,  and  would  therefore  propose  for  the  group  now  under  consideration, 
characterized  by  Paradoxides,  Conocephalites.  &o.,  and  the  oldest  known  member  of 
the  Paleozoic  of  America,  the  name  Acadian  Group,  by  which  I  hope  it  will  be  known 
to  geologists  in  whatever  part  of  America  it  may  be  recognized.'' 

The  geographic  area  bearing  the  name  of  Acadia  is  defined  by  Mr.  Dawson  (lUd., 
p.  5)  as  ''distinguished  from  all  the  neighboring  parts  of  America  by  the  enormous 
and  remarkable  development  within  it  of  rocks  of  the  Carboniferous  and  Triassio  sys- 
tems.'' This  certainly  renders  the  name  inapplicable  as  a  substitute  for  a  well-defined 
local  name  previously  given  to  the  formation  under  consideration. 

Saint  John,  N.  B.,  is  quite  as  well  known  as  Trenton,  New  York^  from  which  the 
well-known  Trenton  limestone  is  named.  We  would  not  give  as  a  reason  for  chang- 
ing that  name  that  other  towns  in  the  United  States  bear  the  name  of  Trenton. 

Mr.  Matthew,  in  speaking  of  the  Saint  John  formation,  says  (Trans.  Roy.  Soc. 
Canada,  vol.  i,  p.  87,  1882) :  "  From  these  repor  s  and  from  the  map  it  will  be  seen 
that  the  strata  of  the  Saint  John  Group  fill  a  number  of  narrow,  trough-like  basins 
lying  between  the  Bay  of  Fundy  and  the  central  Carboniferous  area  of  New  Bruns- 
wick. Of  these  basins,  that  on  which  the  city  of  Saint  John  is  situated  is  the  most 
important,  and  it  is  here,  also  that  the  life  of  the  period  can  be  studied  to  the  best 
advantage.  The  Saint  John  basin  lies  diagonally  across  the  ridges  of  Huronian  rock 
that  are  found  in  the  eastern  part  of  Saint  John  County ;  and  touches  the  ridge  of 
Laureutian  rooks  that  divides  this  county  from  Kings." 

I  cannot  but  think  that  if  we  pay  attention  to  the  law  of  priority,  Justice  to  the 
original  discoverers  of  this  group  requires  that  the  name  of  Saint  John  formation 
should  be  used  as  expressing  the  division  of  the  Lower  Cambrian,  so  well  developed 
at  Saint  John. 

The  name  Saint  John  or  Acadian  cannot  well  be  applied  to  the  Newfoundland  or 
Braintree  Paradoxides  beds.  The  three  localities  present  local  difierences  and  char- 
acters which,  while  permitting  their  being  united  under  the  general  term  Lower  Cam- 
brian, render  it  necessary  to  use  a  local  name  for  the  formation  in  each  of  the  widely- 
separated  localities. 
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thewy  obtained  a  large  collection  of  fossils  from  the  typical  localities 
at  Saint  John,  Ratcliff's  Millstream;  and  Portland,  from  which  Mr. 
0.  P.  Hartt  procured  the  collection  described  by  him  in  the  second 
edition  of  Dawson's  Acadian  Geology.  Subsequently  when  workings 
over  the  material,  it  was  with  great  difficulty  that  more  than  the  com- 
mon species  could  be  identified  from  the  descriptions,  and  few  figures 
given  in  the  Acadian  Geology.  The  writer  at  that  time  formed  the 
plan  of  illustrating  the  original  typical  Hartt  collection  and  also  the 
entire  fauna,  as  far  as  possible.  His  own  collection  afterward  went  to 
the  Museum  of  Gomparative  Zoology  at  Cambridge,  Mass.,  and  it  was 
not  until  the  latter  part  of  1883  that  the  trustees  of  Cornell  University 
came  in  possession  of  the  Hartt  collection.  Through  the  co-operation  of 
Mr.  H.  S.  Williams,  paleontologist  of  the  university,  the  loan  of  the  col- 
lection was  obtained  for  the  purpose  of  illustrating  the  type  specimens 
and  such  other  material  as  would  add  to  our  knowledge  of  the  fauna. 
In  writing  to  Mr.  L.  W.  Bailey,  of  Fredericton,  N.  B.,  and  Mr.  6.  P. 
Matthew,  to  secure  their  co-operation,  the  writer  learned  for  the  first 
time  that  Mr.  Matthew  was  engaged  on  a  monograph  of  the  fauna  of 
the  Saint  John  formation.  The  plan  of  illustrating  the  entire  fauna 
was  at  once  changed  so  as  to  include  only  the  Hartt  collection,  and  Mr. 
Matthew  was  requested  to  propose  specific  names  for  the  new  species 
with  the  exception  of  one  form  with  which  the  writer  wished  to  connect 
the  names  of  Mr.  Hartt  and  Mr.  Matthew,  the  two  gentlemen  who  first 
gave  to  the  scientific  world  a  definite  knowledge  of  this  early  Cambrian 
group.  Mr.  Matthew  kindly  accepted  this  proposal,  and  the  writer 
proceeded  with  the  work,  using  only  the  material  contained  in  the  Hartt 
collection. 

Mr.  Matthew's  valuable  paper  on  the  genus  Paradoxides  of  the  Saint 
John  Group,  has  already  appeared  (Trans.  Boy.  Soc.  Canada,  vol.  i, 
1882),  and  from  it  we  learn  that  he  recognizes  three  well-defined  species 
and  six  varieties:  Paradoxides  lamellattiSy  Hartt f  P.  lamellatusj  var. 
LaricatuSy  Matthew ;  P.  AcadieuSy  Matthew  ;  P.  EteminicuSj  Matthew ; 
P.  EteminicuSy  vars.  snrtcoidea^  breviatiiSj  QuacoensiSj  Malicitus  and  pon- 
tificalis. 

In  the  Hartt  collection  we  find  as  the  types  of  P.  lamellatus  a  portion 
of  the  head  of  two  specimens.  The  species  appears  to  be  of  rare  occur- 
rence. Mr.  Matthew  illustrates  but  a  fragment  of  the  head  of  a  speci- 
men which  he  considers  as  indicating  a  variety  of  P.  lamellattis. 

Two  other  species  occur  in  the  collection  that  were  not  named  by  Mr. 
Hartt.  P.  AmdicuSj  Matt.,  is  represented  by  the  larger  portion  of  an 
entire  individual,  and  P.  EteminicuSj  Matt.,  by  numerous  fragments  of 
the  head.  The  P.  Micmacy  figured  by  Mr.  Dawson  (Acad.  Geol.  2d  ed., 
p.  657),  is  not  represented  in  the  collection,  and  Mr.  Matthew  writes  me 
that  the  original  specimens  were  destroyed  in  the  great  Saint  John  fire 
of  1877,  and  that  he  is  unable  to  identify  the  species.  The  figure  is  a 
restoration,  and  no  description  accompanies  it;  on  this  'account  it  ap- 
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pears  best  to  drop  the  name  from  the  list  of  species  composing  the  Saint 
John  fanna,  as  an  undefined  and  undetermined  8i>ecies. 

In  reviewing  the  fauna  as  shown  in  the  Hartt  collection,  we  find 
the  Echinodermata  represented  by  single  detached  plates  of  one  species^ 
Eoeyfttitea  primcevus^  Bill.  A  somewhat  similar  form  occurs  in  the  Me- 
nevian  group  of  Wales,  under  the  name  of  Protocystites  MenevenHsj, 
Hicks. 

Among  tbe  Brachiopods,  Lingulaf  Dawsoni^  Matt,  Acrothele  MaU 
ihewij  Hartt,  Obolella  transversaj  Hartt,  Obolella^  sp.,  Orthis  Billingsiy 
Hartt,  and  Orthis^  sp.  T,  show  how  rich  and  varied  this  class  must  have 
been  at  the  time  of  the  deposition  of  the  Saint  John  formation. 

The  new  type  representing  the  Gasteropoda,  Harttia  Matthewi^  \&  of 
special  interest  owing  to  its  being  the  oldest  representative  of  the  class 
known  on  the  North  American  continent,  and  the  section  of  the  family 
which  it  approaches  most  nearly  is  doubtfully  known,  if  at  all,  below 
the  Tertiary  system.  The  species  Potoocmeaf  Acadica^  is  as  yet  doubt- 
fhlly  referred  to  the  gasteropoda. 

Of  the  Pteropoda  there  are  three  species,  Hyolithes  Acadioay  Hartt^ 
J7.  Dania/nuSj  Matt.,  and  H.  Mianao^  Matt.  The  former  is  not  unlike  H. 
primordialisy  Hall  (Sixteenth  Ann.  Bep.  N.  T.  State  Cab.  Nat.  Hist^ 
p.  135*),  of  the  Potsdam  sandstone  of  Wisconsin,  and  the  second  ap- 
proaches J7.  cinctuSj  Barr.  (byst  Sil.  Boh^me,  vol.  iii,  p.  78),  of  the 
Cambrian'  of  Bohemia. 

The  class  Poecilopoda,  order  Trilobita,  is  the  dominant  type  in  the 
Saint  John  fauna,  as  it  is  in  all  the  known  Cambrian  faunas,  and  is  rep- 
resented by  Agnostus  Acadicv^j  Hartt;  Microdiscus  Dawsanij  Hartt,  M. 
punctattiSy  Hartt ;  Paradoxides  lamellatuSj  Hartt,  P.  AcadiouSj  Matt.,  P» 
Ilteminicu8j  Matt;  and  varieties  suricaideSj  hreviatusj  Malioitus^  pontifi- 
calis  and  Quacoensis;  Conocoryphe  Matthewij  Hartt,  0.  eleganSj  Hartt,  (7. 
Waloottij  Matt,  C.  {Salteria)  Baileyij  Hartt;  Ptychoparia  Bobhij  Hartt^ 
P.  Ouangandiama^  Hartt,  and  variety  Aurora;  P.  qwidraiay  Hartt,  P. 
Ore9te9,  Hartt,  and  varie'y  ThersiteSj  and  P.  tener^  Hartt. 

Mr.  Hartt,  described,  in  addition  to  these,  Conocephaliteagemini-spinosus 
=  Oonacoryphe  Matthetd;  Canocephalites  farmasus  =  Ptychoparia  Eobhi; 
0<mocephalites  Aurora  ^  Ptychoparia  Ouangondianay  variety  Aurora; 
Oonocephalites  Salli  =  Ptychoparia  Orestes;  Conocephalites  Ther sites  = 
Ptychoparia  Orestes j  variety  Thersites;  Conocephalites  negleetus  =  Ptycho- 
paria tener.  It  is  with  great  reluctance  that  I  reduce  the  above-named 
species  to  varieties  and  synonyms  of  other  species,  and  it  was  not  until 
after  many  comparisons  and  a  study  of  all  the  material  in  the  collection 
that  it  was  done.  Oood  figures  are  given  of  the  types  of  each  of  Mr. 
Hartt's  species,  and  the  student  has  before  him  the  original  descriptions, 
so  that  he  can  judge  for  himself  and  not  entirely  rely  upon  the  writer 
to  form  his  opinion  of  the  value  of  the  species. 

*  The  Cambrian  system,  as  referred  to  in  this  paper,  is  that  series  of  strata  charao^ 
terized  by  the  first  fauna  of  Barraude. 
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In  review  we  find  14  genera,  26  species,  and  6  varieties,  distributed 
as  follows :  Echinodermata,  1  genus,  1  species ;  Brachiopoda,  5  genera, 
7  species;  Gasteropoda,  1  genus,  1  species;  Pteropoda,  1  genus,  3 
species;  Trilobita,  6  genera,  14  species,  6  varieties. 

That  Mr.  Matthew's  researches  will  increase  this  number  of  species 
there  is  little  doubt,  and  it  is  not  improbable  that  some  of  the  species 
of  Mr.  Eartt  which  are  placed  in  this  paper  as  synonyms  of  some  others 
may  yet  prove  to  be  distinct. 

Mr.  Matthew  states  (Trans.  Boy.  Soc.  Canada,  vol.  i,  p.  89)  that 
among  the  collections  made  by  the  Canadian  Geological  Survey  in  New 
Brunswick,  Mr.  Billings  recognized  fragments  of  the  genera  Ellipto- 
cephalus  and  Salterella,  and  the  remains  of  two  species  of  Hyolithes. 
'^  Besides  these,  there  are  the  supposed  plant  remains,  Palseophycus, 
Eophyton,  etc.,  of  the  higher  divisions  of  the  Saint  John  Group." 

While  studying  the  species,  the  question  of  their  correct  generic  ref- 
erence came  up,  and  a  number  of  species  of  three  different  genera  were 
found  to  be  arranged  under  the  genus  Conocephalites,  a  genus  that, 
with  the  greatest  respect  for  the  opinion  of  its  author  and  his  work,  1 
cannot  see  the  way  clear  to  accept.  The  reasons  for  this  will  be  found 
under  remarks  on  the  genus  Ptychoparia.  The  new  subgenus  Salteria 
may  be  of  doubtful  subgeneric  value,  but  with  the  characters  of  C,  {Sal- 
teria) vennlosa^  Salter,  before  us,  a  subgeneric  group,  appears  to  be  in- 
dicated. 

The  fauna  of  the  Saint  John  Group  has  been  most  happily  compared 
by  authors  with  that  of  the  Paradoxides  fauna  of  Bohemia,  Wales,  and 
Sweden.  The  resemblance  to  that  of  the  Mcnevian  of  Wales  is  very 
striking,  and  the  relationship  so  close  that  we  are  in  doubt  if  there  are 
not  more  identical  species  than  Microdiscus  punctatui  in  the  two 
faunas. 

The  more  closely  related  species  are  : 

Saixt  John.  Mbnxvian. 

OboleUft  transvetBa Ol>olelUi  sagittalis. 

Agnosias  Aoadioas Agnoetas  Cambrensis. 

Microdiscus  punotatns Microdiscus  punctatus. 

CoDocoryphe  Matthe wi Conocoryphe  Solveusis. 

ConoGoryphe  elegans Conocoryphe  bnfo. 

C.  ( Salteria)  Baileyi C.  ( Salteria)  venulosa. 

Ptychoparia  Robbi Ptychoparia  applanata. 

A  comparison  with  the  Swedish  Paradoxides  fauna  gives : 

Saint  John.  Swedish. 

Obolella  transversa Obolella  sagittalis. 

Agnostus  Acadicus Agnostus  brevifrons. 

Conocoryphe  Matthewi Conocoryphe  exsnlans. 

Conocoryphe  elegans Conocoryphe  Dalmani. 

Ptychoparia  Robbi Ptychoparia  cristata. 
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With  the  Bohemian  Paradoxides  fiftana : 

Saiitt  John.  Bohemiak. 

Agnoetas  Acadicus Agnostus  integer. 

Hyolithes  Dauianns Hyolitbes  cinctus. 

Conocoryphe  Mfttthewi Conocorypbe  coronatos. 

Conocoryphe  elegans Conocorypbe  Snizeri. 

Pty cboparia  Hobbi Piyoboparia  Emmricbi. 

Mr.  Matthew  calls  attention  to  the  close  interrelationship  of  the  spe^ 
cies  of  the  Saint  John  Paradoxides  and  to  the  fact  that  they  belong  to 
a  gronp  characterized  by  a  continuous  eye-lobe,  a  feature  developed  in 
Paradoxides  rugulosiiSj  Gorda  (Syst.  Sil.  Boh6me.,  vol.  i,  p.  374),  of  Bo- 
hemia. In  the  genus  Anopolenus  (Quar.  Jour.  Geol.  Soc.,  vol.  xxi, 
p.  177)  the  eye-lobes  are  continuous,  but  of  a  different  character  from 
the  Saint  John  Paradoxides.  Olenellus  maphoidts  ( Amer.  Jour.  Sci.,  vol* 
xiiiy  p.  265)  shows  a  continuous  eye-lobe  in  some  of  the  younger  stages 
of  development,  a  character  not  retained  in  the  adult  individual. 

In  comparing  the  Saint  John  fauna  of  Saint  John  with  that  of  other 
localities  of  the  Saint  John  fauna  in  North  America.,  the  first  to  be  noted 
is  that  of  Manuel's  Brock,  near  Conception  Bay,  Newfoundland,  as  de- 
scribed by  Mr.  J.  F.  Whiteaves  (Amer.  Jour.  Sci.,  3d  ser.,  vol.  xvi,  p. 
224, 1878). 

Mr.  Whiteaves  identifies  of  the  Saint  John  fauna :  Agnostus  AcadiouSy 
Mierodiscus  Batcsoniy  Microdiscua  punotatus^  ParadoxideSj  sp.  T,  0.  {Sal- 
ieria)  Baileyij  Ptychoparia  tener^  Ptychoparia  Orestes  f . 

On  the  authority  of  Mr.  Alex.  Murray,  the  shales  containing  this  fauna 
are  considered  by  Mr.  Whiteaves  as  lower  than  the  strata  from  which 
Mr.  Billings  obtained  a  strongly-marked  Cambrian  fauna  that  he  refers 
to  the  Menevian  Group  (Gan.  Nat.,  2d  ser.,  vol.  vi,  p.  470, 1872). 

From  this  horizon  Mr.  Billings  described  ObolelUif  misery  Siraparolr 
Una  remota^  Hyolithes  excellenSy  Paradoxides  tenellusj  Paradoxides  de- 
oorus^  P.  {Anopolenus)  venustuSj  Agraulos  affiniSy  A.  socialiSj  A,  strenuusy 
Ptychoparia  (Solenopleura)  communis, 

Mr.  Billings  also  describes  Stenotheca  pauper  and  Scenella  reticulata^ 
from  Conception  Bay,  the  stratigraphic  horizon  being  a  little  above  the 
Manuel's  Brook  shales'containing  the  Saint  John  fauna.  To  these  we 
have  to  add  the  large  Paradoxides  Bennetti,  Salter  (Quart.  Journ.  Geoh 
Soc.,  vol.  XV,  p.  552,  1859),  and  Bathyurus^  Solenopleura  gregaria^  Bill- 
ings (Pal.  Foss.,  vol.  i,  p.  363,  1865),  from  the  Paradoxides  slates  of 
Saint  Mary's  Bay,  Newfoundland,  which  gives  a  total  of  fourteen  de- 
scribed species  from  Paradoxides  beds  above  the  Saint  John  fauna. 

From  the  sections  given  by  Mr.  Murray  (Qeo\.  Surv.  Newfoundland^ 
p.  157, 1881),  we  learn  that  the  shales  carrying  the  Saint  John  fauna 
are  the  lowest  fossiliferous  strata  in  Newfoundland,  and  that  the  Para- 
doxides beds  above  carry  a  fauna  unlike  the  Saint  John  fauna.  This 
proves  the  latter  fauna  to  be  the  oldest  known  on  the  American  conti- 
nent, and  when  compared  to  the  older  Cambrian  faunas  of  Wales,  to 
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be  low  down  in  the  Menevian  if  not  representative  of  that  of  portions  of 
the  Harlech  and  Longmynd  groups. 

Near  Saint  John,  N.  B.,  there  is  a  commingling  of  representative 
species  that  are  distributed  in  the  St.  David'a  section  of  Wales,  from 
the  Harlech  to  the  Upper  Menevian,  a  fact  that  tells  us  plainly  that  we 
need  not  look  for  a  close  similarity  in  the  succession  of  iadividual 
species  in  sections  of  the  same  relative  geologic  position  wheA  widely 
separated.  The  physical  conditions  of  environment  and  the  geographic 
distribution  of  species  tend  to  variation  in  the  assemblage  of  forms  at 
localities  but  slightiy  separated,  and  still  more  when  widely  distant  firom 
.  each  other. 

In  the  Braintree  argillites  there  are  four  species,  Hyolithes  ShaUri, 
Walcott  (this  bulletin),  Paradoxides  Harlanu  Green  (Amer.  Joum.  Sci., 
vol.  XXV,  p.  336, 1834),  Ptyehoparia  RogerHj  Walcott  (this  bulletin),  and 
Agraulos  quadrangulariSj  Whitfield  (Bull.  Amer.  Mus.  Nat  Hist.,  vol.  i, 
p.  147, 1884). 

EyoUthes  8haler%  is  closely  allied  to  Hyolitket  exeeUenSj  Billings  (Pal. 
Foss.,  vol.  ii,  pt.  1,  p.  70, 1874). 

The  Paradoxides  Sarlani  is  of  the  type  of  Paradoxides  BenneUij  of 
Newfoundland,  as  found  above  the  Saint  John  fauna,  and  corresponds 
to  the  Bohemian  group  of  the  genus  typified  by  P.  spinosusj  Boeck,  and 
the  Menevian  P.  Hioksiij  Salter.  Agraulos  quadrangularisj  Whitfield,  is 
a  type  present  in  the  Paradoxides  horizon  in  Newfoundland,  as  A.  so- 
daliSj  A.  strenuus^  and  A.  affinis,  Billings  (Pal.  Foss.,  vol.  ii,  pt.  1,  p.  71), 
in  the  Menevian  of  Wales,  as  A.  longioqfhalusj  Hicks  (Quar.  Jour.  Gtool. 
Soo.,  vol.  xxviii,  p.  176),  in  Bohemia,  as  A.  oeticephaluSj  Barrande  (Syst 
Sil.  BohSme.)  vol.  i,  p.  405).  Ptychoparia  Bogersi  is  more  of  the  type  of 
Ptychoparia  Emmriohi^  Barrande,  of  Bohemia. 

Up  to  the  present  time  no  other  localities  of  the  Paradoxides  &una 
have  been  discovered  in  North  America. 

The  relations  of  the  Saint  John  fauna  to  the  remaining  portion  of  the 
Paradoxides  fauna  in  Newfoundland  we  have  mentioned,  but  as  yet  no 
section  has  shown  the  connection  of  the  Paradoxides  fauna  with  that  of 
the  next  superior  or  Georgian  fauna.  As  I  am  engaged  on  a  review  of 
the  latter  fauna,  the  discussion  will  be  omitted  here  to  appear  in  a 
paper  on  that  x>ortion  of  the  Cambrian  fauna. 

Genus  EOGYSTFTES,  Billings. 

EOOYSTITES  PBQLfiVUS,  Billings. 
Plate  i,  fig.  2. 
Eoo^iiUet  primofnUf  Billings,  1868,  Acadian  Geology,  Dawson,  2d  ed.,  p,  643. 

No  description  accompanies  the  illustration  of  the  single  plate  of  this 
form,  and,  in  fact,  little  can  be  said  of  it  from  the  material  in  the  col- 
lection. 
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The  plates  are  polygonal  in  outline,  vanable  in  size  and  form,  elevated 
at  tbe  center,  and  ornamented  by  9, 10,  or  11  principal  ridges  radiating 
i'rom  the  center  with  smaller  ridges  coming  in  between  the  larger  ones, 
usually  showing  a  pentagonal  arrangement.  The  plates  vary  from  3  to 
5  millimeters  in  diameter.  It  is  quite  probable  that  a  new  generic  form 
is  indicated,  but  in  its  relations  to  other  genera  nothing  can  be  de- 
termfned.  Protoeystites  MenevenHsj  Hicks,  evidently  belongs  to  a  sim- 
ilar type,  if  not  to  the  same  genus. 

Formation  and  locality. — Cambrian.  Saint  John  formation,  Batcliffs 
Millstream,  N.  B. 

OenuB  LINOIJLA,  Bruguifere. 
LiNGULA  t  Dawsoni,  Matthcw. 

Plate  Y,  Afr.  8. 
Ungulat Dawsotti,  Matthew,  1884.    MSS. 

Shell  small,  broadly  subelliptical,  subattenuate  towards  the  beak; 
margins  gradually  expanding  and  curving  from  the  beak  to  the  center, 
where  the  shell  has  its  greatest  width,  and  thence  narrowing  towards 
the  fh)nt,  which  is  broadly  rounded.  General  snrface  depressed  con- 
vex, becoming  more  convex  towards  the  beak. 

Surface  marked  by  fine  undnlating  concentric  lines  crossed  by  radi- 
ating lines  that  are  seen  only  by  the  aid  of  a  strong  magnifying  glass. 

In  form  this  species  approaches  Xfin^ieMto/drrti^nea,  Salter  (See  Man. 
Brit  Foss.  Brach.,  Davidson,  vol.  iii,  p.  336),  of  the  Menevian  forma- 
tion of  Wales  quite  closely,  but  with  only  a  specimen  of  the  ventral  (t) 
valve  to  compare  with  it,  it  is  difficult  to  satisfactorily  determine  its 
specific  relations.  * 

Formation  and  locality, — Cambrian.  Saint  John  formation,  Saint 
John,  N.  B. 

The  following  notice  of  a  larger  shell  than  Acrothele  MatthetDt  appears 
on  page  644  oi  the  Acadian  Geology  as  a  new  species  of  Lingula : 

^^Lingula,  n.  sp.,  Hartt,  differs  fh>m  the  above  {A.  MaUhewi)  in  being 
almost  straight  in  front^  broadly  rounded  at  the  sides,  and  narrowed 
towards  and  pointed  at  the  umbo.  It  was  also  larger,  thicker,  and 
more  convex." 

The  original  specimen  I  have  failed  to  find  in  the  collections,  and  no 
form  corresponding  to  it  has  been  observed. 

Oenus  AOBOTHELB,  Linnarsson. 

AOBOTHELE  Matthewi,  Hartt,  sp. 

Plate  i,  figs.  4,  4a. 
Llm§fula  Maitkewif  Haxttf  1868,  Acadian  Geology,  Daweon,  2d  ed.,  p.  644,  fig.  221. 

Description. — "Dorsal  valve,  circular  in  outline  or  very  slightly  wider 
than  long,  extremely  flat,  the  convexity  being  scarcely  noticeable ;  shell 
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very  thiu ;  on  each  side  a  segmeut,  sacli  as  would  be  cat  off  by  a  chord 
running  from  the  umbo  to  the  extremity  of  the  transversa  diameter,  is 
slightly  turned  up  on  the  margin. 

^'Inside,  a  strong  mesial  ridge,  rounded  and  of  moderate  width,  runs 
from  tbe  umbo  to  a  point  a  little  beyond  the  middle  of  the  shell ;  at  the 
umbo  this  ridge  bears  a  small  uailhead-like  process  or  swelling,  and 
there  are  two  minute  and  extremely  short  secondary  ridges,  originating 
from  the  head  of  the  primary,  and  extending  obliquely  backwards.  In- 
uer  surface  marked  with  numerous  indistinct  and  irregular  concentric 
striae ;  outer  surfa<^e  not  visible." 

A  study  of  the  type  specimen  of  this  species,  which  is  a  cast  of  the 
interior  of  the  dorsal  valve,  leads  to  its  reference  to  the  genus  Acrothele, 
as  it  presents  characters  shown  in  a  typical  form  of  AcrothelCi  A.  sub- 
siduaj  White  (Expl.  and  Surv.  West  100th  Merid.,  vol.  iv,  pt.  1,  p.  34), 
from  the  Oambrian  of  Utah.  On  the  list  left  by  Professor  Hartt,  ref- 
erence is  made  to  specimen  No.  342  as  Obolus  [Discirui)  nitidwt,  sp.  nov. 
This  BX)ecimen  presents  the  characters  of  a  ventral  valve  of  Acrothele^ 
and  is  of  the  form  that  the  ventral  valve  of  A.  Matthewt  would  prob- 
ably have,  and  although  not  associated  with  it  at  Saint  John,  I  have 
little  hesitancy  in  referring  to  it  as  the  ventral  valve  of  A,  Matthewt.  It 
is  illustrated  on  plate  i,  fig.  4a. 

Formation  and  hcality, — Cambrian.     Saint  John  formation,  Saint 

John  and  Katcliff's  Millstream,  N.  B. 

« 

Oenus  OBOLELLA,  Billings. 
Obolblla  TRANSVERSA,  Hartt. 

^  Plate  i,  figs.  5,  5a. 

Oholella  transversa,  Hartt,  1868,  Acadian  Geology,  Dawson,  2d  ed.,  p.  644.) 

'<A  very  small,  transversely  oval  species,  from  Goldbrook,  Saint  John.'' 

The  above  is  all  the  description  by  the  author  of  the  species  and  no 
figure  is  given,  but,  with  the  typical  material  used  by  him  before  me, 
there  is  little  difficulty  in  recognizing  the  species. 

It  is  closely  allied  to  Obolella  aagittalis^  Salter,  and  Mr.  Davidson's 
description  of  that  species  (Oeol.  Mag.,  vol.  v,  p.  309,  1868)  reads  as 
though  it  were  drawn  from  the  Saint  John  specimens.  Figures  are 
given  of  the  interiors  of  the  two  valves. 

Obolella  f  misery  Billings  (Pal.  Fos.  vol.  ii,  pt.  1,  p.  69,  1874),  is  a 
closely  allied  species  from  the  Saint  John  formation  horizon.  No  fig- 
ures accompany  the  description. 

Formation  and  locality. — Cambrian.  Saint  John  Yormation,  Cold- 
brook,  Saint  John,  N.  B. 

Obolella,  sp.  undt. 

• 

What  appears  to  be  a  second  species  occurs  with  the  preceding.   The 

form  is  more  elongate,  the  surface  is  concentrically  striated  with  fine 
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lines,  aud  the  interior  appears  to  be  less  strongly  marked  by  the  mus- 
cular scars. 

Genus  OBTHIS,  Dalman. 
Obthis  Billingsi,  Hartt 

Plate  i,  figs.  1,  16-i2. 
Orikis  BaUngti,  Hartt,  1868,  Acadian  Geology,  Dawson,  2d  ed.,  p.  644,  fig.  223. 

• 

J)e8oription. — ^<  Shell  subquadrate  to  semicircular,  broader  than  long; 
greatest  width  at  the  hinge-line ;  moderately  convex ;  greatest  thickness 
at  about  the  middle ;  depressed  in  front.  Hinge-line  stiaight.  Dorsal 
valve  semicircular  or  subquadrate ;  Repressed,  with  a  shallow  sinus 
ranning  from  the  umbo  to  th^  front.  Umbo  not  elevated  above  the 
hinge-area,  which  is  very  narrow,  and  marked  by  fine,  parallel  longitud- 
inal striae.  Hinge-plate  bearing  two  slight  incurved  internal  processes. 
Ventral  valve  more  arched  than  the  dorsal,  with  a  narrow,  flat  margin 
produced  in  the  plane  of  the  valve.  Hinge-area  triangular,  concave, 
and  marked  with  fine  parallel  lines.  Umbo  elevated  above  hinge-line 
about  one-fourth  of  length  of  shell.  Foramen  triangular  and  of  moderate 
size.  Surface  ornamented  by  about  thirty  prominent  rounded,  radiat- 
ing plicae,  increasing  in  width  towards  the  margin,  becoming  less  ele- 
vated and  slightly  curved  toward  the  ears,  crossed  by  a  number  of  dis- 
tinctly  marked,  concentric,  squamose  lines  of  growth,  and  numerous 
fine  concentric  striae.  The  radiating  plicae  increase  by  bifurcation, 
which  takes  place  at  about  one-third  the  distance  from  the  umbo  to  the 
margin."  ^^ 

The  figure  accompanying  the  above  description  is  that  of  a  rather 
transverse  ventral  valve,  on  which  the  radiating  costae  are  unusually 
strong.  They  also  bifurcate  in  a  manner  observed  in  but  one  other 
specimen  in  the  collection.  At  first  sight  this  shell  will  be  separated 
as  a  distinct  species  from  the  variety,  having  sharp,  somewhat  distant 
ribs  radiating  from  the  beak,  with  finer  ribs  appearing  between  them  on 
the  cast,  but  other  specimens  occur  where  the  two  surface  characters 
are  shown  on  the  same  shell,  and  give  the  impression  that  we  have  a 
single  variable  species,  the  two  extremes  of  which  are  shown  in  Dur 
figures  1,  Idj  of  plate  i.  The  crowding  together  of  the  increased  num- 
ber of  ribs  on  the  costate  variety  gives  the  bifurcating  character  to  the 
ribs  or  costae. 

« 

The  ventral  valve«of  0.  Billingsi  is  little  elevated,  in  this  respect  be- 
ing unlike  other  Cambrian  species,  and  there  does  not  appear  to  be 
any  nearly-related  species  of  Orthis  in  strata  of  Cambrian  age.  Orthis 
Hichfij  Salter  (see  Davidson's  Mon.  Brit.  Foss.  Brach.,  vol.  iii,  p. 
230),  is  the  prevailing  form  in  the  Menevian  of  Wales,  and  in  some  of 
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its  phases  resembles  0,  BiUingai.  Among  the  Swedish  forms  the  latter 
may  be  compared  with  0.  exporeeta^  Linnarsson  (Bihang  till  K.  Svenska 
Yet.  Akad.  Handlingar.  Band.  3,  N:o.  12,  p.  12, 1876). 

Formation  and  toca{»^.-^ambrian.  Saint  John  formation,  Batcliff 's 
Millstream  and  Saint  John,  N.  B. 

Obthis,  sp.  t 

Plate  1,  fig.  la. 

Associated  with  the  preceding  at' Saint  John,  there  is  a  small  single 
dorsal  (!)  ralve  of  a  species  of  Orthis  that  appears  to  be  distinct  from 
O.  BUlingsL  A  moderately  well-defined  median  sinus  is  shown  and 
the  surface,  as  preserved  iu  the  cast,  was  somewhat  finely  ribbed. 
Professor  Hartt  refers  to  a  new  species  of  Orthis  as  not  being  suffi- 
ciently well  represented  to  warrant  its  description,  but  gives  another 
specimen,  fig.  Ic,  plate  i,  as  the  form.  This  I  consider  as  a  variety  of 
O.  BillingHij  and  the  shell  under  consideration  may  only  have  the  same 
position  when  a  larger  series  comes  to  be  studied. 

Oenns  HABTTIA,  n.  gen. 

This  generic  name  is  proposed  for  a  unique  little  shell  found  in  as- 
sociation with  fragments  of  trilobites  of  the  genera  Paradoxides  and 
Ptychoparia. 

Description. — A  small,  oval,  patelliform  shell,  having  a  lowj  broad 
ridge  originating  on  the  posterior  (!)  side  of  the  interior  that  supports 
a  subcordate  shield-like  expansion  which  extends  out  over  the  anterior  (!) 
portion  of  the  interior  when  we  look  down  into  the  shell.  !the  broad 
base  of  the  ridge  and  the  general  character  of  the  shield-like  extension 
kre  well  shown  in  the  figure  on  plate  i,  fig.  3. 

The  character  of  the  apex  is  unknown,  as  the  only  representation  of 
the  genus  and  species  is  in  the  form  of  a  cast,  showing  the  interior  of 
the  central  portion  and,  around  the  margins,  the  cast  of  the  apparently 
smooth  outer  surface. 

The  interior  ridge  and  shield-like  expansion  is  of  a  peculiar  character, 
and  unlike  that  of  any  described  recent  or  fossil  form  known  to  me.  It 
is  80  well  marked  that  there  is  little  hesitancy  in  proposing  a  new 
genus  for  its  reception.  The  genus  may  be  included  in  the  GalyptrsBi- 
dffi  nearest  the  genus  Crepidula,  if  we  compare  the  shield-like  expan- 
sion with  the  shelf  or  shelly  partition  of  Crepidula.  However  close 
or  distant  its  relations  to  the  latter,  it  certainly  appears  to  be  the  rep- 
resentative of  the  Calyptraeidffi  type  in  the  Cambrian,  and  adds  another 
form,  showing  the  differentiation  of  the  invertebrate  fauna  in  the  old- 
est fauna  yet  known  on  the  American  continent. 

The  generic  name  is  in  honor  of  Mr.  C.  F.  Hartt.    With  it  I  wish  to 
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associate  that  of  Mr.  O.  F.  Matthew,  the  discoverer  of  the  Oambrian 
age  of  the  Saint  John  formation. 

Habttia  Matthewi,  n.  sp. 

Plate  i,  fig.  3. 

The  characters  of  this  species  have  already  been  given  under  the 
description  of  the  genus. 

The  base  of  the  shell,  as  shown  in  the  specimen,  measures  2.5*^'^  by 
3.5>»'".  It  was  probably  a  little  larger,  as  the  true  margin  is  not  to  a 
certainty  clearly  shown. 

There  is  no  reference  or  record  number  attached  to  the  specimen, 
and  nothing  is  said  of  it  in  Mr.  Hartt's  notes  as  published  by  Mr. 
Dawson.  A  scratched  outline  around  the  specimen  shows  that  it  had 
been  noticed,  but  whether  by  one  of  the  collectors  of  the  specimens  or 
by  Mr.  Hartt  is  unknown. 

Formation  and  locality. — Cambrian.  Saint  John  formation.  The 
character  of  the  slate  and  the  embedded  fossils  is  similar  to  that  of 
the  material  from  Ratcliff's  Millstream,  and  it  was  associated  in  the 
collection  with  specimens  from  that  locality. 

Genus  PAL^  AOMEA,  H.  &  W. 
Paxjsaomea  t  AoADioA,  Hartt. 

Plate  i,  fig.  6. 
DUHna  Aeadica,  Hartt,  1868,  Acadian  Geology,  Dawson,  2d  ed.,  p.  644,  Fig.  222.. 

Description. — ^^  Shell  elliptical  in  outline;  sides  more  or  less  straight. 
Conical,  but  very  depressed.  Apex  apparently  central.  Surface 
marked  with  a  number  of  deep,  concentric,  irregular,  sharp  furrows, 
not  always  continuous,  and  often  breaking  up  Inio  smaller  grooves, 
and  all  these  seem  at  times  to  be  impressed  with  lighter  lines  running 
nearly  parallel  with  them.  Of  the  large  furrows  from  nine  to  ten  can 
usnally  be  counted.  The  whole  surface  of  the  shell  is  marked  with  a 
great  number  of  delicate  raised  lines  radiating  from  the  summit  to  the 
circumference,  and  just  visible  to  the  naked  eye." 

An  examination  of  several  specimens  of  this  speides,  including  the* 
types,  leads  me  to  think  with  Mr.  K.  P.  Whitfield  (Bull.  Amer.  Mu8. 
Nat.  Hist.,  vol.  i,  p.  141, 1884),  that  it  is  not  a  true  Discina,  but  prob- 
ably a  univalve  sht$ll,  allied  to  Pala^acmea  or  Stt*uotheca.  The  ina 
terial  in  the  collection  is  very  poor  and  fragmentary ;  so  much  so  thut 
the  generic  reference  is  to  be  considered  as  merely  provisional. 

Formation  and  locality. — Oambrian.  Saint  John  formation,  liiUclill's 
Millstream,  N.  B. 
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Genas  HYOLITHES,  Eichwald. 
Hyolxthes  Aoadioa,  Hartt 

Plate  ii,  fig.  5. 
Theoa  Aeadiea,  Hartt.    Label  on  specimen. 

Form  an  elongate  triangular  pyramid,  tapering  gradnally  and  nni- 
formly  to  an  acute  extremity.  Transverse  section  sabtriangular,  aboat 
twice  as  wide  as  high;  the  lateral  angles  acute  from  compression  in  the 
specimens  in  the  collection.  Ventral  face  slightly  arched;  anterior 
margin  extending  forward  in  a  semicircular  snbspatulate  extension. 
Dorsal  surface  rather  strongly  convex.  A])ertnre  unknown,  but  un- 
doubtedly oblique,  judging  from  the  character  of  the  extension  of  the 
ventral  side. 

Operculum  unknown. 

Surface  of  shell  marked  by  concentric  lines  of  growth,  parallel  to  the 
margin  of  the  aperture,  and  exceedingly  fine  longitudinal  strise  visible 
only  by  the  aid  of  a  strong  magnifier. 

In  general  form  this  species  approaches  very  closely  to  Hyolithes 
AmericanuSj  Billings  (Can.  !Nat.  n.  ber.,  vol.  vi,  p.  215,  1872),  but 
i  qually  so  to  the  Devonian  J7.  acliSj  Hall  (Pal.  N.  Y.,  vol.  v,  pt.  2,  p. 
197,)  except  in  the  more  rounded  dors<)l  side. 

Owing  to  the  imperfect  condition  of  preservation  of  the  species  illus- 
trated from  the  Menevian  group  of  Wales,  it  is  difficult  to  make  com- 
parisons with  them.  Professor  Hartt^s  specific  name  is  retained,  as  the 
probabilities  are  that  the  form  is  different  from  the  American  Potsdam 
and  Oeorgian  species,  although  allied  to  H.  primordialiSj  Hall  (Six- 
teenth Ann.  Eep.  State  Cab.  Fat.  Hist.,  p.  135,*  1863),  and  also  the 
Menevian  forms  of  the  genus  in  Wales. 

Farlnation  and  locality. — Cambrian.  Saint  John  formation,  Batcliff's 
Millstream,  N.  B. 

• 

Htolithbs  Danianus,  Matthews. 

Plate  11,  figs.  7, 7a,  h, 
Ryoliihes  DanianvB,  Matthews,  ld84,  MSS. 

Form  that  of  an  extremely  elongate  rounded  snbtriangular  pyramid 
that,  in  some  examples,  curves  a  little  to  one  Hide  as  it  becomes  grad- 
ually attenuate  towards  the  apex.  Transverse  section  seniielliptical ; 
moderately  convex  on  the  ventral  side  and  still  more  so  on  the  dorsal. 
Ventral  face  flattened  and  almost  concave  along  the  center,  rounding 
up  on  each  side  to  the  somewhat  rounder  lateral  angles.  Dorsal  face 
not  very  strongly  convex  transversely.    Form  of  aperture  unknown. 

Associated  operculum  broad  oval,  or  snbcircular  in  general  form. 
The  side  corresponding  to  the  ventral  side  of  the  shell  curves  regu- 
larly, but  is  not  as  convex  as  the  opposite  side.    The  umbo  is  situated 
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nbont  four-fifths  the  distance  from  the  dorsal  margin,  and  extends 
hiterally  as  a  low,  roauded  ridge  towards  the  rounded  angles  formed 
by  the  union  of  the  ventral  and  dorsal  sides  of  the  operculum ;  just  in 
front  of  these  ridges  a  slight  depression  exists,  also  a  depressed  area 
back  of  the  umbo,  or  towards  the  dorsal  margin ;  the  inner  side  shi)ws 
a  sharp  ridge  corresponding  to  the  umbonal  ridges  on  the  outside,  and 
also  a  sharp,  short,  elevated  ridge  between  the  ventral  margin  and  the 
))Osition  of  the  umbo  on  the  outer  surface.  The  general  body  of  the 
shell  of  the  operculum  appears  to  have  been  quite  thin. 

Surface  of  the  shell  marked  by  transverse,  concentric  undulations  of 
growth  that  arch  slightly  forward  on  the  ventral  side.  Outer  surface 
of  the  operculum  marked  by  fine  concentiic  strisB  and  very  fine,  some- 
what obscure,  radiating  striae ;  inner  surface  with  fine,  slightly  irregu- 
lar, radiating  lines  or  stride. 

There  is  cou(>iderable  range  of  variation  in  the  form  of  the  shells  of 
this  species.  In  some  the  flattening  of  the  ventral  side  is  lost,  and 
only  a  convex  surface  is  shown,  and  the  dorsal  surface  has  a  narrow 
longitudinal  line  on  each  side  of  the  center.  The  curvature  of  the  shell 
also  varies  considerably.  A  number  of  specimens  of  the  operculum  are 
associated  with  the  shells,  but  none  were  observed  attached  before  the 
mouth  of  the  shell.  . 

One  unusually  curved  shell  having  a  nearly  round  section,  was  la- 
beled Orthoceras  1  n.  sp.,  by  Professor  Hartt,  as  tmces  of  what  ap- 
pear to  be  septa  are  shown.  The  distances  between  the  septa  like  par- 
titions are  unequal,  and  in  other  specimens  this  is  seen  to  be  owing  to 
the  filling  of  cracks  across  the  tube. 

This  species  recalls  Hyolithe^  dnctuSy  Barrande  (Syst.  Sil.  Boh^me., 
vol.  iii,  plate  ix,  figs.  8-12),  and  the  form  of  the  associated  operculum  is 
also  similar. 

Formation  and  locality. — Cambrian.  Saint  John  formation,  ^tcliff's 
Millstream,  N.  B. 

Htolithes  Miomao,  Matthew. 

Plate  ii,  fig.  6. 
HpoHthe9  Micmae,  Matthew,  1884,  MSS. 

Form  that  of  an  extremely  elongate,  rounded,  subtriangular  pyramid 
that  becomes  gradually  attenuate  towards  the  apex.  The  true  trans- 
verse section  is  not  preserved,  owing  to  the  crushing  down  of  the  shell, 
and  appears  to  have  been  semielliptical  or  rounded  subtriangular. 

Form  of  aperture  and  operculum  unknown. 

Sprface  of  the  shell  smooth  externally ;  the  interior  is  marked  by  fine, 
raised,  longitudinal  lines. 

In  form  this  species  is  not  unlike  HyoHthes  Danianusj  but  the  smooth 
outer  surface  and  striated  inner  surface  distinguishes  it  fh>m  that  and 
also  any  other  described  species  known  to  me. 
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Dimensions:  Leugtb  of  specimen  20"»™,  width  at  aperture  4"". 
Formation  and  locality. — Cambrian.     Saint  John  formation,  asso- 
ciated with  Microdtscm  punctatus  at  Batcliff's  Millstream,  N.  B. 

Genus  AONOSTUS,  Brongniart 
AaNOBTUS  AoADicus,  Hartt 

Plate  ii,  figs.  2,  2cho. 

AgnostuB  AcadicuSj  Hartt,  1868,  Acadian  Geology,  Dawson,  2d  ed.,  p.  655. 
Agnottw  similUf  Hartt,  1868,  Acadian  Geology,  Dawson,  2d  ed.,  p.  656. 

Description. — "Head  minute,  transversely-elliptical,  or  snbcircnlar ; 
breadth  and  length  about  equal,  convex  but  very  depressed,  outlines  in 
front  and  on  the  sides  slightly  straightened.  A  narrow,  flattened,  and 
but  very  Rlightly  elevated  border  goes  round  the  front  and  lateral 
margins.  This  is  separated  from  rest  of  shield  by  a  narrow,  shallow, 
flat  space,  or  groove,  which,  on  going  posteriorly  along  the  lateral  mar- 
gins, loses  gradually  in  width  toward  the  posterior  angles  of  shield, 
which  are  rounded.  Glabella  a  little  less  than  two-thirds  the  length  of 
shield,  long  elliptical^  depressed  convex,  but  more  elevated  than  other 
'  parts  of  the  shield,  about  twice  as  long  as  broad,  bounded  anteriorly 
and  laterally  by  a  sharp,  rather  deep  groove  concentric  to  the  outer 
one  above  described.  A  well-marked  transverse  furrow,  arching  back- 
wards, separates  the  anterior  third  of  the  glabella  as  a  snbcircnlar  lobe. 
Posterior  part  of  glabella  rounded,  but  impressed  on  each  side  by  a  lit- 
tle lobe  situated  in  the  angle  between  the  cheek-lobe  and  the  glabella. 
The«e  little  lobes  are  about  one-quarter  the  size  of  the  anterior  glabellar 
lobe.  Cheeks  of  the  same  width  throughout,  and  uniting  in  front  of 
the  glabella,  being  bounded  by  the  two  concentric  grooves  above  men- 
tioned. Posteriorly  they  are  rounded ;  in  width  they  are  rather  greater 
than  the  glabella.  They  are  convex,  more  elevated  along  their  inner 
margin,  but  sloping  outward  roundly  and  evenly.  Glabella  with  its 
lobes  project  considerably  beyond  posterior  margin.  Surface  smooth. 
Pygidium  of  this  species  (f )  of  about  the  same  outline  as  cephalic  shield. 
The  ))Osterior  and  lateral  margins  have  a  slight,  raised  border,  separated 
from  lateral  lobes  by  a  shallow  but  well-marked  groove  running  par 
allel  to  the  margin.  This  groove  widens  at  the  point  where  it  bends  to 
go  forward  along  the  sides  in  such  a  way  as  to  encroach  on  and  thin  out 
the  marginal  fold,  and,  just  before  reaching  the  anterior  margin,  it  nar- 
rows itself  from  the  inner  side  so  as  to  cause  the  lateral  lobes  to  widen 
somewhat  anteriorly.  These  are  narrow,  flattened,  about  half  as  wide 
as  the  middle  lobe,  narrowing  to  a  point  just  behind  the  middle  lobe, 
where  they  do  not  unite.  The  medial  lobe  is  about  flve-sixths  of  lAf|rth 
of  pygidium,  shield-shaped,  flattened,  convex,  more  elevated  than  the 
lateral  lobe.  Its  anterior  border  is  slightly  concave  in  the  middle. 
The  lateral  angles  are  rounded,  and  the  lobe  is  contpt^t^  a  }ittl^  $n)- 
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teriorly.  It  is  bounded  by  two  deep  and  well-marked  furrows,  which 
join  -one  another  in  the  middle  of  the  marginal  furrow,  forming  a  pointed 
arch.  Medial  lobe  projecting  farther  forwards  than  the  lateral  ones. 
A  little  6piue  is  situated  on  its  mesial  line  about  one-fourth  its  length 
from  front.    Surface  smooth." 

After  a  careful  study  of  all  the  specimens  in  the  collection,  fifteen  in 
number,  1  am  unable  to  make  out  sufficient  differences  between  the  form 
described  as  A,  Acadicus  and  that  given  as  A.  HmiliSj  to  establish  two 
species.  Thei^e  is  a  certain  range  of  variation  in  the  specimens  as 
pointed  out  by  Mr.  Hartt,  but  that  is  so  variable  and  owes^its  origin  so 
largely  to  the  condition  of  preservation  of  the  various  specimens  that 
it  is  not  evident  that  two  species  are  typified. 

Ag^WBtna  Acadicus  is  a  type  of  the  genus  that  occurs  in  the  Menevian 
of  Walep,  as  A.  Cambrenais^  Hicks  (Quart.  Jour.  Geol.  Soc.,  vol.  xxvii, 
p.  400, 1871) ;  in  Norway,  Jis  A.  brevifronsy  Angeliu  (Pal.  Scan.,  p.  6, 
1852)  5  in  Bohemia  as  A.  integer^  Beyr.  (Sil.  Syst.  Boh^me.,  vol.  i,  p.  900, 
1852) ;  and  in  the  American  Potsdam  horizon  as  A.  Neimj  Hall  &  Whit- 
field (Geol.  Expl.  40th  Par.,  vol.  iv,  p.  229, 1877).  Agnostua  interatrio- 
iua^  White  (Expl.  and  Surv.,  West  100th  Merid,,  vol.  iv,  p.  38),  from 
the  Cambrian  of  Utah,  is  an  almost  identical  species,  differing  princi- 
pally in  the  postero-lateral  angles  of  the  pygidium. 

Farmatian  a/nd  locality. — Cambrian,  Saint  John  formation,  Saint  John, 
N.B. 

Genus  MIGBODISQUS,  Emmons. 
MiOBODisous  Dawsoni,  Hartt 

Plate  ii,  figs.  3,  3a. 
Muirodi9CH9  Dawaoni,  Hartt,  1868.    Acadian  Geology,  Dawson,  2d  ed.,  p.  654. 

Deacription. — ^^  Cephalic  shield  semi-lunar,  with  thickened  border 
crossed  by  numerous  grooves  running  perpendicularly  to  the  circumfer- 
ence. Olabella  convex,  narrow,  rounded  in  front,  conical  and  pointed 
behind,  projecting  beyond  posterior  border,  without  furrows  or  occipital 
groove.  Cheeks  convex,  no  eyes,  and  no  traces  of  sutures.  Posterior 
angles  of  shield  with  backward  projecting  spines.  Pygidium  subtrian- 
gular,  with  curved  outlines,  rounded  in  flront  and  behind ;  middle  lobe 
distinctly  marked,  and  divided  into  six  segments ;  lateral  lobe  also  di- 
vided, furnished  with  a  narrow  border." 

This  is  a  beautiful  little  trilobite  that  is  quite  distinct  from  described 
species  of  the  genus. 

There  are  but  three  specimens  in  the  collection,  and  none  show  the 
head  and  pygidium  united. 

Formation  a/nd  locality. — Cambrian.  Saint  John  formation,  Batcliff's 
Millstream,  N.  B. 
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MiCRODiSGTTS  PUNOTATUS,  Salter. 

Plate  ii,  figs.  1,  lor-c, 

MiorodUcus  punotaiua,  Salter,  1864,  Qaart.  Joam.  GeoL  Soc.,  vol.  xx,  p.  237,  plate 
ziii,  fig.  11. 

Miorodiaous  punciatu8f  Whiteaves,  1878,  Amer.  Jonm.  Sci.,  3d  ser.,  vol.  xyi,  p.  225. 

Microdxscus  pulohellus,  Hartt.    Name  proposed  (No.  14)  on  list  of  fossils  sent  to  Mr. 
J.  W.  Dawson. 

Head  semi-elliptical  in  outline,  rather  strongly  convex,  and  bordered 
on  the  front  and  sides  by  a  depressed  farrow  and  raised  rim,  the  furrow 
containing  numerous  short  furrows  perpendicular  to  the  margin,  as  in 
M,  DawBoniy  but  not  as  strongly  marked.  The  posterior  border  is  strong 
back  of  the  cheeks,  and  has  the  furrow  continuing  from  the  sides ;  a 
very  narrow  rim  extends  back  of  the  glabella ;  eyes  and  facial  suture 
entirely  absent. 

Glabella  elongate  conical,  extending  backward  in  a  strong  spine  as 
long  as  the  glabella  in  medium-sized  specimens  and  nearly  as  broad  at  the 
base.  In  some  examples  the  spine  is  shorter  and  smaller.  The  glabella 
rises  above  the  level  of  the  cheeks  and  is  about  three-fifths  the  length  of 
the  head,  bordered  by  strong  dorsal  furrows  that  are  connected  in  front 
by  a  straight  furrow  with  the  depressed  groove  within  the  anterior  mar- 
ginal border,  perceptibly  marked  by  two  pairs  of  oblique  glabellar  fur- 
rows in  some  examples.  Cheeks  convex,  prominent,  strongly  defined 
by  the  dorsal  and  marginal  furrows. 

Thorax  unknown. 

The  pygidium,  associated  with  the  head  of  this  species  in  great  num- 
bers, has  the  same  general  outline  as  the  head.  The  narrow  marginal 
rim  is  well  defined  all  around,  widest  at  the  sides ;  anterior  marginal 
furrow  very  distinct;  median  lobe  elongate-conical,  extending  back 
nearly  to  the  marginal  groove ;  nine  anchylosed  segments  are  indicated 
by  eight  rather  strong  transverse  furrows ;  lateral  lobes  strongly  convex, 
no  furrow  appearing  back  of  the  anterior  marginal  groove. 

SurfiEice  finely  punctate,  the  punctse  being  rather  large  as  compared 
with  the  depth. 

DLnensions  of  a  rather  broad  head:  Length,  exclusive  of  spine, 
3.5"";  breadth,  5"";  occipital  spine,  3"";  pygidium,  length,  3.75"°*, 
breadth,  5"". 

This  is  an  abundant  and  well-marked  species.  Mr.  Hartt  evidently 
intended  to  describe  it,  as  the  name  is  given  in  his  list,  and  selected 
specimens  were  mounted  on  blocks,  one  of  which  bears  the  name 
Eodisctis  pulchelltiSj  Hartt,  r.  g.,  n.  sp.  There  is  considerable  variation 
in  the  relative  proportion  of  the  length  and  breadth  of  the  head,  also 
of  the  pygidium  in  different  specimens,  owing  to  an  original  variation, 
and  also  distortion  from  compression  in  the  shales. 

Mr.  Whiteaves  states  that  this  species  was  first  detected  in  the 
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PiiiDordial  slates  of  Saint  John,  N.  B.,  by  the  late  Mr.  E.  Billings  It 
Las  since  been  observed  in  rocks  of  the  same  age  on  the  Kennebeca^is 
liiver,  N.  B.,  where  it  was  collected  by  Mr.  G.  F.  Matthew. 

The  pygidium  is  very  similar  to  that  of  Mierodiscus  8pecio9us,  Ford 
.(Amer.  Jour.  Sci.,  vol.  vi,  p.  137,  1873). 

In  comparing  with  the  figures  of  M,  punctatus  given  by  Mr.  Salter,  it 
is  observed  that  the  nuchal  spitle  of  M,  punctatus  is  longer  and  more 
slender,  and  the  surface  of  the  cephalic  shield  and  pygidium  are  punc- 
tate, whereas,  in  the  Saint  John's  specimens,  the  surface  is  smooth.  In 
rvent  of  the  two  forms  proving  distinct  on  a  comparison  of  specimens, 
I  propose  that  Mr.  Hartt's  name,  if.  pulchellusj  be  given  to  the  American 
species. 

Formation  and  localities. — Cambrian.  Saint  John  formation,  Ratcliff 's 
Millstream,  N.  B.,  and  Manuel's  Brook,  near  Conception  Bay,  New- 
foundland. 

Genus  PABADOXIDES,  Brongniart. 

Pajbadoxides  lamellatus,  Hartt 

Plate  iii,  figs.  2,  2a. 

Paradoxides  lamellatu8,  Hartt,  1866,  Acadiaa  Geology,  Dawson,  2€l  ed.,  p.  656. 
Paradoxuies  lamellaiMj  var.  loricatus,  Matthew,  1882,  Trans.  Roy.  8oo.  Canada,  p.  105. 
plate  ix,  fig.  19. 

Description. — ^^This  is  a  small  species  distinguished  from  several 
others  found  with  it  by  the  presence  of  a  number  of  sharp  perpendic- 
ular laminse  on  the  anterior  lobe  of  the  glabella." 

The  types  of  this  species  consist  of  the  casts  of  portions  of  two  heads, 
both  of  which  are  illustrated  on  plate  iii.  It  is,  as  stated  by  Mr.  Hartt, 
distinguished  from  the  associated  species  by  the  sharp  perpendicular 
laminae  or  ridges  in  front  of  the  glabella. 

Mr.  Matthew  has  indicated  a  variety  as  P.  lamellatus,  var.  hricatus. 
The  elevated  ridges  on  the  front  of  glabella  are  variable  in  the  two  type 
specimens,  and  I  should  not  consider  the  variation  cited  by  Mr.  Matthew 
as  of  sufficient  importance  to  establish  a  varietal  name,  especially  as  he 
suggests  the  idea  that  the  transverse  ridges  or  interrupted  elevated  lines 
owe  their  origin  to  the  condensation  of  the  frontal  area  by  transfer  to 
the  glabella;  this  would  necessarily  induce  a  great  variation  in  the  form 
and  arrangement  of  the  elevated  lines  in  relation  to  each  other,  although 
they  might  retain  their  general  relation  to  the  frontal  margin. 

Formation  and  locality. — Cambrian.  Saint  John  formation,  Portland, 
a  little  northward  of  Saint  John,  N.  B. 

PABADOXIDES  AoADious,  Matthew. 

Plate  iii,  fig.  3,  3a. 

Paradaxides  AcadiouSf  Matthew,  1882,  Trans.  Boy.  Soc.  Canada,  p.  103,  Plate  ix,  figs. 
1(5-18. 

Mr.  Hartt  recognized  several  species  of  paradoxides  and  indicated 
them  in  his  list,  but  did  not  name  or  designate  the  specimens,  owing  to 
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his  not  having  time  to  work  oat  the  (}etail9  (Acadian  Geol.,  2d  ed.,  p. 
657, 1868).  One  of  these  Mr.  Matthew,  in  his  valuable  paper  on  the 
Paradoxides,  has  named  P.  Acadicus^  describing  it  as  follows : 

^^The  anterior  margin  is  regnlarly  rounded  and  strongly  arched  back- 
ward. The  marginal  fold  is  moderately  convex  and  about  twice  i^ 
wide  at  the  extremity  as  in  front  of  the  glabella.  The  flat  area  is  very 
small,  and  at  the  suture  about  as  wide  as  the  marginal  fold. 

^^The  glabella  is  about  an  eighth  longer  than  wide.  It  expands  regu- 
larly from  the  base  to  a  point  somewhat  in  advance  of  the  fourth  fur- 
row, whence  it  is  regularly  rounded  to  the  front.  > 

^^  The  glabellar  furrows  are  all  heavily  cut.  The  iirst  two  cross  the 
axis  of  the  glabella )  of  these  the  first  is  arched  decidedly  backward, 
and  is  somewhat  more  heavily  impressed  in  the  outer  than  in  the  middle 
third.  The  second  furrow  strongly  indents  the  glabella  parallel  to  the 
transverse  axis  ]  it  is  more  lightly  impressed  in  the  middle  quarter 
than  elsewhere.  The  two  anterior  farrows  are  in  pairs.  The  third 
fieiils  to  cross  the  glabella  by  less  than  a  third  of  the  glabella's  width ; 
it  begins  within  the  margin  of  the  glabella  and  is  directed  forward  at 
an  angle  of  about  fifteen  degrees.  The  fourth  furrow  begins  on  the 
edge  of  the  glabella,  and  scarcely  extends  one-quarter  of  the  way 
across  it. 

^^The  occipital  ring  is  more  than  twice  as  long  as  wide ;  it  is  regularly 
convex  and  moderately  arched  vertically ;  a  little  behind  the  middle  of 
the  ring  is  a  short  tuberculous  spine.  In.  some  of  the  largest  heads  the 
middle  half  of  the  ring  is  raised  into  a  broad,  rather  flat,  lobe  which 
bears  the  spine.  The  occipital  furrow  is  more  strongly  impressed  in 
the  outer  quarter  than  in  the  middle. 

^^The  posterior  margin  is  moderately  arched  backward ;  the  fold  is 
regularly  convex  and  moderately  arched  vertically.  The  furrow  is 
scarcely  as  wide  as  the  fold,  and  is  rounded  In  the  bottom. 

^^The  fixed  cheek  is  subtrapezoidal  in  form,  is  convex,  and  has  an  ele- 
vation at  the  posterior  inner  angle ;  it  is  strongly  depressed  in  front, 
and  the  bounding  furroii^s  are  distinct.  The  ocular  lobe  makes  an  o\w\\ 
parabolic  curve,  and  is  prominently  raised  all  round,  but  especially  ut 
the  extremities.  The  curve  of  the  posterior  third  of  the  ocular  lobe  in 
this  species  is  more  open  than  in  that  of  the  preceding  species  or  its 
varieties. 

"  fiStnilp^Kre.— Parallel  raised  lines  appear  only  on  the  fh>nt  half  of  the 
marginal  fold,  where  there  are  about  five.  Elsewhere  the  surface  of  the 
test  is  covered  with  closely-set  granulations  visible  to  the  naked  eye. 

^^This  neat  little  species  is  easily  distinguished  from  all  the  preceding 
by  its  granulated  surface,  and  by  the  absence  of  raised  lines  on  the 
front  of  the  glabella." 

In  the  Bartt  collection  there  is  a  specimen  that  adds  materially  to 
our  knowledge  of  the  species  and  the  group  of  species  to  which  it  be- 
longs, as  fourteen  segments  of  the  thorax,  the  pygidium,  and  a  x)ortion 

(306) 


WALCOTT.]  FAUNA   OF   THE   SAINT   JOHN    FORMATION.  27 

of  the  head  are  preserved.  The  head  parte  appear  lx>  be  ideDtical  with 
the  typical  form  described  by  Mr.  Matthew,  and  are  orbamented  by  the 
grauulated  surface,  characteristic  of  the  species.  The  thorax  is  very 
broad  in  proportion  to  its  length,  even  though  the  fourteen  segments 
preserved  are  not  considered  as  entirely  formiug  it.  The  allied  Bohe- 
mian type,  Paradoxides  ragnlosuB^  Corda  (Syst.  Silur.  de  Boh6me.,  p. 
347,  plates  ix  and  xiii),  has  but  sixteen  segments  and  the  specimen 
under  consideration  shows  no  traces  of  more  than  fourteen  ^  the  ante- 
rior segments,  however,  are .  crowded  down  somewhat,  and  the  head 
pushed  to  one  side,  which  leaves  the  question  of  the  actual  number  of 
segments  unsettled.  The  median  lobe  is  crushed  together,  but  still 
shows  that  it  had  a  width  of  7™™  or  8""  at  the  twelfth  segment,  the 
pleural  lobe  on  each  side  of  the  same  segment  extending  out  12°^  from 
the  median  lobe  and  terminating  in  slightly  curved  mucronate  points 
of  the  same  length  on  all  the  segments ;  posteriorly  the  median  and 
lateral  lobes  contract,  the  pleural  portion  of  the  last  four  segments  ex- 
panding and  bending  back  so  as  to  close  down  to  the  side  of  the 
pygidium;  the  pleural  grooves  are  well  marked  and  extend  out  about 
half  way  on  the  pleural  lobe.  The  pygidium  is  the  type  of  that  of 
P.  rugulo»u8j  (lac.  cit.)y  and  corresponds  to  figure  10  of  plate  x  of  Mr. 
Matthew's  paper  more  closely  than  any  other. 

Formation  and  locality. — The  locality  is  not  given  with  the  specimen, 
but  Mr.  Matthew  cites  the  species  from  Portland,  N.  B.,  and  the  Utho- 
logic  characters  of  the  shale  correspond  to  specimens  from  that  locality. 

Pabadoxides  Etbminigus,  Matthew. 

Plate  iii,  figs.  1,  la-g. 

Paradoxidu  Eteminieua,  Matthew,  1883,  Trans.  Boy.  Soc.  <)anada,  vol.  i ;  p.  92,  plate 
X,  figs.  7-12. 

Mr.  Matthew  gives  a  very  elaborate  description  of  this  fine  species 
and  divides  it  into  P.  Eteminicua  and  four  varieties,  viz:  Suricoides^  hre- 
viatuSj  QuaooensiSj  MalidtuSy  Rud  pontificaHs,  the  differences  separating 
each  appearing  in  the  glabella,  fixed  cheeks,  and  the  anterior  lateral 
limbs.  From  our  experience  with  the  varying  forms  of  Olenellus  from 
Nevada,  we  should  scarcely  consider  these,  on  the  evidence  given,  as 
more  than  varieties  of  one  species,  as  Mr.  Matthew  has  done.  A  num- 
ber of  specimens  of  this  species  occur  in  the  collection.  One  head  (sp.t) 
indicates  a  trilobite  18®*".  or  20<'°'.  in  length  when  entire,  the  portion  of 
the  head  remaining  being  6«™.  long. 

For  the  purpose  of  illustrating  the  species  of  the  Saint  John  fauna, 
known  to  me  at  present,  several  figures  of  P.  Uteminicus  are  copied  from 
Mr.  Matthew's  paper. 

Formation  a/nd  localities. — Cambrian.  Saint  John  formation,  Portland 
fmd  Batclilf' s  MiUstream,  N.  B. 
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Genus  CONOCOETPHE,  Corda.» 
GoNOCORYPHE  (Subgeiiasf)  Matthewi. 

Plate  iVf  figs.  1,  la,  h, 

Conocephalites  Matlhewi,  Hartt,  1868,  Acadian  Oeology,  Dawson,  2d  ed.,  p.  646. 
Conooephalites  gemini^pinonu,  Hartt,  18()8,  Acadian  Geology,  Dawson,  2d  ed.,  p.  663. 

Description. — ^^  Head  semi-circular  to  semi-elliptical,  more  than  twice 
as  wide  as  lon^;  front  and  lateral  margins  forming  a  regular  curve; 
posterior  margin  nearly  straight;  posterior  angles  of  shield  flattened 
and  rounded  without  spines;  margin  with  a  strong,  round,  rather  narrow 
fold,  which  becomes  narrower  and  lower  towards  the  posterior  angle  of 
shield,  where  it  disappears.  This  is  separated  from  the  cheek-lobes  by 
a  very  deep,  moderately -broad  groove.  This  groove  is  arched  forward 
in  front  by  a  large,  semi-globose  swelling,  situated  just  io  advance  of 
the  glabella,  encroaching  upon  the  marginal  fold,  causing  it  to  be  the 
thickest  on  each  side  of  this  prominence. 

^^The  posterior  margin  is  also  folded,  but  the  plait  is  more  or  less  in- 
clined backwards.  The  fold  is  narrow  near  the  occipital  ring,  but  grows 
more  prominent  and  gains  in  width  towards  the  posterior  angle,  but, 
like  the  anterior  fold,  it  disappears  at  that  point.  Its  course  is  not 
straight;  at  about  half  the  distance  of  the  outer  angle  it  bends  slightly 
backwards  and  downwards  and  then  forwards  slightly  to  disappear  on 
the  flattened  or  rounded  angle  of  the  shield.  This  fold  is  separated 
from  the  cheek-lobes  by  a  groove  shallower  and  broader  than  the  mar- 
ginal one,  which  it  resembles,  by  expanding  gradually  into  the  flattened 
space  of  the  outer  angle.  This  groove  follow  a  course  parallel  to  the 
fold  which  it  accompanies.  Length  from  occipital  furrow,  about  half 
that  of  head. 

^^  Glabella  subconical,  longer  than  wide,  strongly  rounded  in  front,  and 
about  half  as  wide  anteriorly  as  posteriorly ;  length  about  that  of  whole 
shield,  strongly  convex,  but  less  elevated  than  the  check-lobes,  bounded 
laterally  and  anteriorly  by  deep  grooves,  the  anterior  being  not  so  deep 
as  the  posterior.  The  sides  of  the  glabella  are  impressed  and  divided 
into  lobes  by  three  pairs  of  deep  lateral  glabellar  furrows.  Those  of 
the  posterior  pair  are  the  longer  and  more  deeply  impressed.  These 
fui*rows  begin  abruptly  at  a  point  somewhat  in  advance  of  the  middle 
of  the  longer  diameter  of  the  glabella,  and  directed  backwards  at  an 
angle  of  about  45^  to  the  antero-posterior  diameter  of  the  shield,  dis- 
appear abruptly  without  gaining  the  medial  line,  usually  extending  a 
little  more  than  the  third  of  the  distance  across  the  glabella.  Those  of 
the  median  pair  begin  also  on  the  bounding  groove  very  abruptly, 
only  a  little  in  advance  of  the  posterior  pair,  but  they  are  usually  n^it 
so  oblique,  and  extend  on  each  side  not  more  than  a  quarter  of  the  dis- 
tance across  the  glabella.    The  distance  between  the  outer  extremity  of 


^See  note  on  this  genus  under  remarks  on  the  genns  Ptychoparia. 
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tbe  median  au<l  anterior  furrows  is  somewhat  less  than  between  those 
of  the  median  and  posterior,  and  these  but  slightly  impress  the  sides  of 
th^  glabella,  and  occasionally  are  scarcely  visible.  The  anterior  lobe  is 
about  as  wide  as  the  one  which  follows  it. 

''  The  occipital  furrow  is  deeply  cut  in  the  outer  third  of  its  length  and 
vStron^ly  directed  forwards;  in  the  middle  third  it  is  ngt  so  deep  and  is 
quite  strongly  arched  forwards.  The  occipital  ring  is  narrow,  strongly 
convex,  and  vertically  arched,  the  sides  being  more  or  less  narrowed^ 
turned  downwards  and  forwards,  being  projected  obliquely  more  or  less 
across  the  posterior  marginal  cheek-groove  towards  the  inner  posterior 
angle  of  cheek-lobe.  The  ring  projects  backwards  beyond  the  margin, 
but  not  beyond  the  posterior  lateral  angle  of  shield.  The  middle  part 
isprodnq^d  into  a  very  short  conical  tubercle-like  spine,  directed  slightly 
backwards.  The  cheek-lobes  are  strongly  gibbons,  and  very  regularly 
arched,  the  convexity  bein^  stronger  anteriorly.  A  narrow,  distinct, 
wavy  ocular  ridge  begins  on  the  cheek-lobe,  just  opposite  the  anterior 
part  of  glabella,  and,  thinning  gradually  out  and  arching,  at  first  slightly 
forwards,  curves  round  and  is  directed  towards  the  outer  angle  of  cheek- 
lobe,  but  it  usually  vanishes  before  reaching  that  point.  From  its  an- 
terior outer  side  it  throws  olf  a  very  numerous  set  of  fine,  bifurcating, 
raised  lines  of  ridges.  These  lines  are  directed  outward  from  theprimary 
line  at  a  rather  acute  angle,  and  api>ear  to  bifurcate  several  times. 
This  ocular  ridge  is  thickened  at  its  commencement,  but  is  not  so 
strongly  marked  at  that  point  as  in  0.  Baileyi.  It  is  also  more  arched 
forward  than  in  the  latter  species.  The  whole  outer  surface  of  the  shield 
is  covered  by  innumerable,  close-set,  raised  points  or  granulations,  just 
visible  to  the  naked  eye,  but  very  distinct  under  the  lens,  appearing  in 
the  impression  of  the  shield  as  minute  punctures.  These  appear  to  be 
more  distinct  on  the  convex  portions  of  the  shield.  The  raised  margins, 
cheek-lobes,  glabella,  occipital  ring,  as  well  as  the  lobe  just  in  advance 
of  the  glabella,  bear  sparsely-sown,  minute,  short  spines,  which  give  to 
the  surface  a  distinct  granular  appearance.  These  are  always  wanting 
in  the  furrows  and  on  the  cheek-lobes,  are  more  crowded  on  the  outer 
halves  of  the  cheek-lobes.  They  are  true  spines,  but  usually  appear  as 
granulations  on  the  casts. 

^<  In  very  young  specimens,  a  line  in  diameter,  the  shield  is  semicircu- 
lar, the  cheek-lobes  are  extremely  gibbous,  and  very  much  more  convex 
than  the  glabella,  and  the  preglabellar  lobe  is  very  conspicuous." 

The  above  description  gives  all  the  characters  of  the  adult  head  of 
this  species  as  shown  in  the  specimens  contained  in  the  Hart t  collection. 
A  number  of  small  heads  show  embr^'onic  features,  but  as  Mr.  Hartt 
did  not  describe  these  and  Mr.  Matthew  is  at  work  on  tbe  species  and 
its  stages  of  development,  we  will  await  the  appearance  of  bis  paper. 

Mr.  Linnarsson  unites  Conocoryphe  coronatus,  Barr.  (Syst.  Sil.  do 
Bohdme.,  vol.  i,  p.  424,  plate  xiii,  figs.  2Q-2G),  C.  exsulans^  Linnarsson 
(Sv.  Cteol.  Unders.  Afh.,  Ser.  C,  N:o.  35,  p.  17,   1879),  C.  solvensU^ 
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Hicks  (Qaar.  Joar.  Geol.  Soc.,  vol.  xxvii,  p.  400,  plate  zvi,  fig.  8, 1871) 
and  C.  Matthewij  Hartt,  as  a  natural  groap  chiefly  characterized  by 
t  he  boss  or  elevation  in  front  of  the  glabella.  He  speaks  of  0.  {Myai) 
laticepsy  Ang.  (Pal.  Scan.,  t.  5,  figs.  2-^,  1854),  as  the  nearest  allied 
from  among  Swedish  species,  and  there  appears  to  be  good  reason  for 
placing  it  very  close  to,  if  not  in  the  0.  €aronatU8  group. 

Mr.  Corda  proposed  the  generic  name  Gtenocephalns  (Prodrom.  Hon. 
bohm  Trilobiten,p.  142)  for  this  type  of  theConocephalidsD,  and  in  many 
respects  it  is  a  convenient  subgeneric  term. 

1  know  of  no  American  species  from  the  Potsdam  or  Georgian  hori- 
zons that  will  fall  within  the  group,  although  a  species  from  the 
Georgian  horizon,  in  Central  Nevada,  Ptychoparia  Linnarawnij  Walcott 
(Pal.  Eureka  Dist.,  in  press),  has  a  boss  in  front  of  the  glabella  much 
the  same  as  that  in  0.  coronatus.  The  presence  of  large,  free  cheeks, 
well  marked  eyes,  and  facial  sutures,  places'  the  species  in  the  second 
division  of  the  GonocephalidsB  under  the  genus  Ptychoporia,  or  a  sub- 
genus of  the  latter. 

Mr.  Hartt  describes  a  second  species  of  t^is  group  under  the  name 
Conocephalites  gemmim-spinosuSy  as  follows :  ^^  Besembles  0.  Matthewi^ 
but  with  wider  and  less  elevated  marginal  folds ;  cheek-lobes  much 
more  gibbons  and  semi-ovoid,  &c.,  sparsely  sown  with  minute  spines, 
grouped  two  and  two.  Rare,  at  Saint  John."  This  species  does  not  ap- 
pear on  the  list  of  numbered  specimens,  and  I  fail  to  find  any  specimens 
that  differ  from  the  typical  forms  of  0.  MaWiem  sufQciently  to  warrant  a 
separate  specific  name.  Under  the  circumstances  it  appears  best  to 
place  the  name  as  a  synonym  of  0.  Matthewij  on  the  grounds  of  imper- 
i'ect  description,  no  illustration,  no  labeled  tyi>e  specimen,  or  a  form  in 
the  collection  that  can  be  recognized  as  the  one  referred  to  by  the 
author.  Specimen  No.  91  is  referred  to  as  0.  Matthewi  var.  t.  This  is 
a  well-marked  variety  in  its  surface  characters,  as  the  scattered  tuber*, 
cles  of  C.  Matthewi  are  crowded  together  and  give  the  glabella,  cheeks, 
frontal  lobe,  and  margins  a  granulated  appearance -quite  unlike  O. 
Matthewi,  The  ocular-like  ridges  are  also  lost  in  the  crowding  together 
of  the  tubercles;  fig.  1  b.,  pi.  iv. 

Formation  and  localities, — ^Cambrian.  Saint  John  formation,  Batcliff's 
Millstream,  Saint  John  and  Portland,  N.  B.  The  variety  (=  granulata) 
is  labeled  Cold  Brook  (=  Portland,  on  authority  of  Mr.  Mattliew). 

CONOCOEYPHE  tV^AXCOTTi,  Matthew. 

In  a  letter  received  from  Mr.  G.  F.  Matthew  May  22, 1884,  written 
since  the  preparation  of  this  paper,  he  states  that  he  has  found  a 
species  of  Couocoryphe  in  the  Saint  John  formation,  characterized  by 
transverse  bars  on  the  glabella,  a  granulated  but  not  tuberculated  sur- 
face, and  other  features  separating  it  from  the  other  species  of  the 
genus.    For  this  species  he  proposed  the  name  Conoooryphe  Walootti  in 
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a  paper  '^Od  the  GonocoryphidsB  of  the  Saint  John  group,  with  lemarks 
ou  ParadozideSy"  read  before  the  Boyal  Society  of  Canada,  May,  1884. 

Subgenus  SALTEBIA,  n.  subgen. 

Dr.  Henry  Hicks,  in  his  description  of  Erinnys  venuXosa^  refers  the 
species  to  Salter  (Brit.  Assoc.  Rep.,  1865),  where  we  find  the  name 
used  and  the  illations  of  the  genus  to  Harpides  pointed  out,  and  the 
fact  stated  that  it  has  a  great  number  of  free  segments  and  no  facial 
sutures  and  probably  no  eyes.  The  description  of  Erinny9  venulosa 
(Quart.  Jour.  Geol.  Soc,  vol.  xxviii,  p.  177),  is  of  the  type  species,  and 
gives  that  of  the  genus  as  far  as  known. 

Description. — '^  Ovate  in  form,  being  widest  in  front,  and  surface  de- 
pressed. '  The  largest  specimens  indicate  a  fossil  at  least  3^  inches  long. 

^^  Head  semicircular,  margined  all  round,  but  with  no  posterior  spines 
wider  than  the  body.  Glabella  small,  occupying  only  about  two-thirds 
of  the  length  and  about  one-fifth  of  the  width  of  the  head ;  pyramidal 
in  shape,  slightly  raised,  and  indented  by  three  pairs  of  furrows,  the 
binder  ones  reaching  backwards  nearly  to  the  neck-lobe,  and  marking 
off  triangular  lobes  on  each  side. 

^*  There  are  no  distinctly-marked  eyes  or  &cial  sutures,  but  a  tolera- 
bly strongly-raised  ridge  strikes  off  on  each  side  from  opposite  the  upper 
glabellar  lobes  towards  the  posterior  angles,  reaching  nearly  two-thirds 
of  the  distance  across.  From  these  ridges  lines  strike  off  in  each  direc- 
tion, especially  forwards,  dividing  and  subdividing  in  their  course  and 
giving  a  veined  character  to  the  whole  surface. 

'^  Thorax  composed  of  24  rings ;  axis  narrow,  convex,  and  tapering 
towards  the  tail ;  pleurae  compressed,  grooved,  and,  including  the  spines, 
more  than  twice  as  long  as  the  rings  of  the  axis ;  spines  bent  backwards 
from  the  ftilcrum,  at  which  part  the  surface  becomes  suddenly  raised 
into  a  sharp,  transverse  ridge. 

'^  The  tail  is  semicircular,  and  has  a  tolerably  strong  axis,  composed 
of  four  segments.  The  lateral  Ipbes  are  marked  by  four  moderately 
well-defined  ribs." 

This  is  certainly  a  very  remarkable  form,  and  is,  as  stated  by  Mr. 
Salter,  related  to  Harpides ;  still  it  does  not  appear  to  be  congeneric 
with  it. 

The  first  generic  use  of'  the  name  Erinnys  of  which  we  have  record, 
was  by  Mr.  Schrank  (Faun.  Boica,  vol.  ii.  pf.  1,  p.  152,  1801),  for  a 
genus  of  Lepidoptera.  Mr.  Schrank  spelled  the  name  <^  Erynnis." 
Mr.  Agassiz  suggested  in  his  Nomenclator  Zoologicus,  1846,  that  it  be 
changed  to  Erinnys.  The  name  was  again  used  by  Mr.  J.  Thompson 
(Arch.  Ent.,  vol.  i,  1857)  for  a  genus  of  Goleoptera.  In  1865  Mr.  Salter 
proposed  it  for  the  genus  under  consideration,  and  in  1867  it  was  again 
proposed  for  a  genus  of  Goleoptera  by  Mr.  Oustalet  (Scudder  Index 
Univer.,  p.  115).    As  Mr.  Salter's  name  was  anticipated,  it  becomes 
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necessary  to  replace  it,  and  the  name  Salteria  is  proposed  in  honor  of 
the  distinguished  paleontologist  The  generic  description,  as  far  as 
known,  is  essentially  4)hat  of  Salteria  venulosa.  With  it  we  may  place 
S.  Bailed,  as  it  is  an  almost  identical  species^  as  far  as  can  be  deter- 
mined from  the  head  and  pygidinm. 

CONOOOBTPHE  (Saltebia)  Baileti,  Hartt 

Plate  It,  figs.  3,  3a ;  pi.  ▼,  figs.  7,  7a, 
Canoo^kalite9  Baileyi,  Hartt,  1868,  Acadian  Geology,  Dawson,  2d  ed.,  p.  646. 

Description. — '^Head  transversely  semi-elliptical,  half  as  long  as  wide; 
anterior  margin  in  front  more  or  less  straight ;  posterior  margin  quite 
straight;  posterior  angles  of  cheeks  slightly  rounded  and  unfurnished 
with  spines;  facial  suture  never  visible ;  anterior  margin  of  shield  with 
a  narrow,  very  elevated  border,  which  is  widest  and  most  elevated  in 
front>  and  grows  narrower  and  lower  posteriorly,  becoming  obsolete,  or 
nearly  so,  at  the  posterior  angle  of  the  shield.  This  border  is  separated 
from  the  other  part  of  the  shield  by  a  deep,  rather  wide  furrow,  which 
is  deepest  in  front,  but  grows  shallower  as  the  anterior  border  loses  in 
height  going  posteriorly.  General  form  of  shield  convex,  but  much 
depressed ;  glabella  more  depressed  than  the  cheek,  subtriangular,  de- 
pressed convex,  broadly  rounded  in  front,  and  separated  from  the  cheeks 
and  front  by  a  deep,  well-marked  furrow ;  width  at  base  equal  to  length, 
which  last  is  about  seven-tenths  that  of  shield ;  very  much  narrow^  in 
front.  Lateral  bounding  furrows  inclined  to  one  another  at  such  an 
angle  as  would  cause  them  to  meet  if  pioduced  to  the  middle  of  the 
front  margin  of  head.  Occipital  furrow  deep  and  well  marked,  slightly' 
arched  forward  in  middle,  and  curving  downward  and  forward,  growing 
narrower  at  the  extremities,  and  less  deeply  cut  than  the  bounding 
furrow  of  the  glabella.  No  lateral  glabellar  furrows,  or  very  slightly 
marked,  ever  seen  on  casts.  Occipital  ring  more  elevated  and  rather 
wider  in  the  center ;  bent  forward  at  the  sides ;  narrow,  with  a  very 
low,  spine-like  tubercle  in  the  center.  Posterior  furrow  moderately 
deep  and  wide.  Sides  of  shield  bent  slightly  downward.  Posterior 
angles  flattened.  Cheeks  subtriangular,  bounded. by  the  straight  dor- 
sal furrow,  the  straight  groove  which  separates  them  from  the  glabella 
and  the  curved  marginal  furrow.  They  are  more  convex  or  gibbous 
than  the  glabella,  sloping  gently  toward  the  marginal  furrow,  but 
steeply  to  the  other  bounding  grooves.  In  the  cast  they  are  marked  on 
the  edge  of  the  bounding  groove  of  the  glabella  at  the  points  where  the 
straight  sides  of  the  latter  begin  to  curve  around  the  front  by  two  small, 
low,  but  well-marked  ocular  prominences,  from  each  of  which  extends 
a  slight  ocular  ridge,  with  a  more  or  less  outward  curve  toward  the 
posterior  angle  of  the  shield,  but  usually  loosing  itself  at  about  half  the 
distance  in  a  system  of  delicate  ramifications,  which  may  often  be  traced 
to  the  posterior  angles  of  the  cheek  lobes.    Like  ramifications  are  thrown 
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off  for  the  wliole  lengtb  of  the  ridge  from  its  auterior  side,  aud  these 
occupy  the  surface  of  the  cheek  lobes  in  front  of  the  line.  The  surface 
of  the  cast  souetimes  appears  granular,  but  the  mould  is  always  smooth, 
and  the  outer  surface  of  the  shield  was  unfurnished  with  tubercular  or 
granular  ornamentation.  The  posterior  border  on  each  side  of  glabella 
is  very  elevated  in  the  middle,  and  loses  height  thence  each  way* 
Cephalic  shield  sometimes  an  inch  and  a  half  in  width." 

On  one  specimen  referred  to  this  species  the  left  postero-lateral  angle 
of  the  head  shows  a  short,  slender,  rounded  spine,  a  feature  not  men- 
tioned in  the  original  description,  and  a  short  facial  suture  cuts  off  a 
slender  strip  of  the  postero-lateral  side  of  the  cheek,  carrying  the  spine 
with  it. 

The  resemblance  between  the  head  of  this  species  and  that  of  C. 
(Salteria)  venulosa  is  very  striking,  the  greatest  difference  appearing  in 
the  presence  of  a  suiure  line  and  posterolateral  spine.  I  suspect,  how- 
ever, that,  as  in  the  case  with  C  (iS.)  Baileyi^  the  free  cheek  and  spine 
are  broken  away  in  C.  {8.)  venvlosay  and  have  not  been  observed,  owing 
to  that.  One  specimen  of  C.  (8,)  Baileyi  preserves  twelve  segments  of 
the  thorax  and  the  p^gidium.  The  latter  is  of  the  ty]>e  of  that  of  C,  (8.) 
renttlosa^  but  the  thoracic  segments  vary  considerably  at  the  genal  an- 
gle of  the  i)lenral  lobes  and  in  the  rounded  instead  of  falcate  termina- 
tions of  the  pleurae.  The  true  number  of  segments  in  the  thorax  is 
unknown. 

Formation  and  locality. — Cambrian.  Saint  John  formation.  Bat- 
cliff's  Millstream,  N.  B, 

CONOGOBYPHE  ELEGANS,  Hartt 
Plate  iv,  figs.  2^  'Zuy  h. 
Conoeephalitcs  elegana,  Hartt,  1868,  Acadian  Geology,  Dawson,  2d  ed.,  p.  650. 

Description. — ^^  Head  or  cephalic  shield  semi-circular  or  semi-elliptical, 
more  than  twice  as  broad  as  long,  nearly  straight  behind;  anterior  bor- 
der with  a  very  strong  fold,  separated  from  the  rest  of  the  head  by  a 
deep  groove.  This  fold  is  widest  aud  most  elevated  just  in  front  of  the 
glabella,  where  it  is  sometimes  the  tenth  of  an  inch  in  width.  At  this 
point  the  groove  bends  abrui>tly  and  angularly,  and  arches  forward  on 
each  side  so  as  to  encroach  on  the  marginal  fold  and  cause  it  to  disap- 
pear at  about  half  the  distance  between  the  middle  point  in  front  and 
the  posterior  angles  of  shield.  The  posterior  marginal  folds  are  very 
thin,  most  elevated  in  the  middle,  and  sloping  each  way  towards  the 
occipital  ring  and  posterior  angles  of  shield.  The  axis  of  the  outward 
half  is  more  and  more  inclined  backward  from  the  perpendicular  towards 
the  posterior  angles,  which  are  rounded,  inore  or  le^s  tiatteiied,  aud  with 
out  backward  projecting  spines.  The  grooves  separating  the  posterior 
fold  from  the  cheeks  are  very  deep,  and  are  slightly  directetl  forward. 
Length  of  ghibella  about  sixth-tenths  of  an tero- posterior  diameter  of 
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shield,  a  little  wider  at  base  than  long,  and  less  than  half  as  wide  an- 
teriorly; triangular,  with  anterior  part  rather  broadly  roanded,  highly 
inflated)  aiid  bounded  by  deep  grooves,  which  in  front  join  in  with  the 
anterior  marginal  groove.  There  are  three  pairs  of  glabellar  furrows. 
Those  of  the  posterior  pair  impress  deeply  the  sides  of  the  glabella,  are 
stirongly  curved  backwards,  and  scarcely  reach  a  third  of  the  distance 
across  each  side.  The  second  and  third  pairs  only  just  impress  in  like 
manner  the  sides  of  the  glabella.  Those  of  the  second  pair  are  curved 
backward,  and  extend  about  a  quarter  of  the  distance  across  the  glabella. 
Those  of  the  third  pair  are  very  short,  and  appear  to  be  parallel  with 
the  transverse  diameter,  but  they  arc  not  always  distinct. 

Occipital  furrow  deep,  slightly  arched  forward  in  the  middle,  and  with 
the  ends  turned  in  the  same  direction ;  occipital  ring  of  moderate  width ; 
the  middle  is  produced  into  a  spine  olten  more  than  a  quarter  of  an  inch 
in  length.  This  spine  is  more  or  less  strongly  directed  backwards.  The 
cheek  lobes  are  very  gibbous,  more  so  than  the  glabella.  Their  pos- 
terior border  is  so  strongly  impressed  by  the  posterior  furrow  that  it 
arches  slightly  over  it.  The  snriace  of  the  (convex  pdrt  of  the  shield  is 
ornamented  by  very  tine,  close-set  granulations,  diStinctly  visible  to  the 
naked  eye,  and  by  a  set  of  delicate  little  tubercles  more  sparsely  sown." 

This  distinct  and  finely  ornamented  species  may  be  compared  with 
C^mocoryphe  bufoj  Hicks  (Quart.  Journ.  Geol.  Soc,  vol.  xxv,  p.  62, 1869). 
In  the  form  of  the  head,  frontal  margin,  and  glabella,  the  character  of 
the  granulose  surface  and  absence  of  facial  sutures  and  eyes,  as  far  as 
known,  they  are  very  much  alike.  We  know  of  the  presence  of  the  pos- 
tero-lateral  spines  of  the  head  in  C.  elegans^  but  not  the  occipital  spine 
in  C,  bvfo  which  is  present  in  0,  elegans,  Conocoryphe  Dalmani^  Angelin 
(Pal.  Scan ,  p.  63,  pi.  xxxiii,  fig.  16, 1854),  belongs  to  the  same  group 
of  species  and  is  very  closely  related  to  them.  Linnarsson  speaks  of  0. 
lenuicincta,  Linn.,  C.  emarginata^  Linn.,  C.  Dalmanij  and  0.  bufo  as 
forming  a  natural  group  (Sv.  Geol.  Unders.  Afh.,  Se.  G.  S:o.  35,  p.  20, 
1879),  and  with  these  we  add  C,  elcgann^  as  it  is  a  similar  type  and  nearly 
identical  with  C  bu/o  and  C.  Dalmani, 

Formation  and  locality, — Cambrian.  Saint  John  formation,  BatclifTs 
Millstream,  N.  B. 

Genus  PTYOHOPARIA,  Gorda. 

Ptpchoparia  Corda,  1847,  Proilrom.  Hon.  bohm.  Trilobiten,  p.  141,  Abh.  den  K.  B<Shni. 

Gesells.  den  WissenBchaften. 
=  Conooepbalus  Zenker,  1833  (in  parte);  Solenoplenra,  Angelin,  1861  (in  parte); 

Crepicephalus,  Owen,  1852  (in  parte);  Copocephalites,  Barrsnde,  1862  (in 

parte). 

In  looking  up  the  history  of  the  generic  names  Gonocephalus,  Gono- 

coryphe,  Ptychoparia,  and  Conocephalites,  we  find  that  Gonooephalus 

was  fli-st  proposed  by  Mr.  Zenker  in  1833,  with  0.  Sulzeri  as  the  type, 

B  trilobite  without  eyes  and  having  a  peculiar  direction  to  the  fieMsial 

sutures  of  the  head. 
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In  1839  Mr.  Emmrich  described,  as  a  distinct  species  fMh\  G.  Sulzerij 
Conoc^hahis  striatus^  rel'erriug  it  to  the  same  geuus,  although  it  has 
well-developed  eyes  aud  a  direction  of  the  facial  sutures  unlike  that  of 
(7.  Sulzeri. 

Mr.  Corda,  in  1847,  observed  that  0.  Svlzeri  and  0.  Btriaius  represented 
two  generic  groups,  and  as  the  name  Conocephalns  had  been  preoccu- 
pied for  a  genus  of  insects  in  1812,  he  proposed  two  generic  names  for 
the  two  types,  Conocoryphe  being  given  to  0.  Sulzeri  and  Ptychoparia 
to  0.  atriaUia.  This  division  appears  to  me  to  be  one  demanded  by  the 
characters  of  the  two  types,  and  I  fully  indorse  the  opinion  of  the  late 
Mr.  F.  B.  Meek  (Sixth  Ann.  Rep.  U.  S.  Geol.  Surv.  Terr.  1872,  p.  487), 
that  Mr.  Gorda's  names  should  be  adopted  and  the  subsequent  name, 
Gonocephalites,  proposed  by  Mr.  Barrande  in  1852,  tix^ated  as  a  syn- 
onym. Mr.  Gorda  used  the  same  type  species  in  proposing  thu  genus 
Gonocoryphe,  and  there  does  not  appear  to  be  sufficient  reason  for 
refusing  to  adopt  the  name.  Of  the  value  of  the  genus  Ptychoparia 
paleontologists  may  di£fer,  but  if  wc  unite  before  our  minds  the  char- 
acters of  PtjfBkaparia  striata  and  P.  Ummrichiy  the  types  referred  to  bv 
Mr.  Gorda,  and  then  bring  together  the  group  represented  by  Conocoti^pht 
Sulzerij  C.  caranatus^  C.  exavlansj  Linuarsson,  C.  8olvens%8^  Hicks,  and 
C  Mattkewij  Hartt,  in  the  same  manner,  we  will  observe  differences  that, 
to  me,  appear  to  be  of  undoubted  generic  value.  This  division  may  be 
carried  still  further  if  we  adopt  Mr.  Gorda's  third  division  of  Gouo- 
cephalus,  Gtenocephalus,  as  a  subgenus  of  Gonocoryphe,  and  place 
C.  coranatusy  C.  Mattketciy  C.  exsulansj  and  allied  species  under  it 
From  Mr.  G.  F.  Matthew's  study  of  C.  Matthetci  I  am  very  much 
inclined  to  adopt  Gtenocephalus  in  that  manner. 

Mr.  Meek  (loc.  cft)  thinks  that  in  adopting  this  view  the  generic 
name  Ptychoparia  will  necessarily  be  applied  to  nearly  all  the  species 
of  the  GonocephalidflB  described  from  American  rocks.  With  some  con- 
siderable exception  this  is  true,  and  especially  so  of  the  group  i>laced 
under  the  generic  name  of  Grepicephalus,  by  Messrs.  Hall  and  Whit- 
field (Geol.  Expl.  Fortieth  Par.,  vol.  iv,  p.  209,  1877).  They  revived 
the  genus  which  was  pioposed  by  Mr.  Owen  (Geol.  Snrv.  Iowa,  Wis., 
and  Minn.,  p.  57G),  making  C,  Hagvei  the  first  species. 

For  the  purpose  of  placing  before  all  the  means  of  comparing  the 
types  of  the  two  genera,  they  are  figured  side  by  side  on  plate  v. 
Ftyehaparia  atriatusj  the  type  of  the  genus,  has  two  more  segments 
in  the  thorax  than  P.  Hagueij  but  that  is  not  a  character  of  generic 
value  of  itself.  Of  Mr.  Owen's  type  of  the  genus  Grepicephalus,  (7. 
lowmiisy  only  the  head  is  known,  although  the  pygidium  usually 
associated  with  the  head  is  peculiar  and  might  give  rise  to  a  subgeneric 
group,  but  not  as  defined  by  Mr.  Owen  or  Messrs.  Hall  and  Whitfield. 

Piyehoparia  Emmrichiy  Barr.  (Syst.  Silur  de  Boh^me,  1,  p.  428,  ])]ate  ii. 
Figs.  2-6),  th9  second  species  arranged  under  the  genus  by  Mr.  Gorda, 
differs  in  having  the  central  portion  of  th   head  between  the  sutures  \w 
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frout  of  the  eyes  narrower  than  in  P.  atriataj  a  feature  quite  prominent  iu 
ttie  species  from  the  Potsdam  group  in  Wisconsin,  etc.  The  pygidium  is 
also  more  like  that  of  P.  Hagueij  and  the  pleura  have  less  angular  ex- 
tremities. If  the  student  will  compare  fig.  4,  plate  ii  (Syst  Silur.  de  Bo- 
li^me,  vol.  i,  1852),  P.  Emmrichij  with  fig.  7  of  plate  xiii  of  the  same 
work,  I  think  that  he  will  scarcely  wish  to  place  the  two  species  in  two 
isubgeneric  groups.  If  not,  there  appears  to  be  no  other  way  but  to  place 
Crepicephalus  as  a  synonym  of  Ptychoparia  for  all  species  except  P. 
(Crepicephalus)  lowensis^  where  it  may  be  used  as  a  subgenus  on  account 
of  the  peculiar  pygidium.  The  genus  Loganellus  Devine  (6eol.  Canada, 
Pal.  Foss.,  vol.  i,  p.  200),  is  of  the  same  type  as  Ptychaparia  EmmfHchiy 
and  18  considered  by  Messrs.  Hall  and  Whitfield  as  identical  with  Cre- 
ciphalns  =  Ptychaparia  Haguei.  Solenoplenra  Angelin  (Pal.  Scan.,  p. 
2G)  and  Liostraeus  Angelin  each  approach  this  group.  Liostracus  n^p- 
resents  tlie  foruis  with  the  glabella  devoid  of  fuiTows  and  the  presence 
of  ocular  ridges  on  the  fixed  cheeks,  and  is  a  convenient  subgeneric 
group.  Solenoplenra  appears  to  be  of  the  same  character  as  many  of 
the  species  placed  under  the  genus  Bathynrus  by  Mr.  Billings,  and  I 
think  can  be  used  for  such  forms  as  Bathynrus  gregariun^  Billings  (Pal. 
Foss.,  vol.  i,  p.  363),  and  nearly  all  the  species  referred  to  the  genus 
Bathyurus  from  the  Cambrian.  The  figure  of  the  type  species  of  So 
leuopleura  is  copied  on  plate  vi,  fig.  3. 

Among  the  species  from  the  Saint  John  formation  Ptycoparia  Robbi 
approaches  most  nearly  to  the  typical  forms  of  the  genus  Ptychoparia. 

Ptychoparia  Robbi,  Hartt. 

Plate  yi,  figs.  1,  la.  . 

Conooephalites  Rohhif  Hartt,  1866,  Acadian  Geology,  Dawson,  2d  ed.,  p.  646. 
ConacephaHtca  formotiuSf   Hartt,  1808,  Acadian  Geology,  Dawson,  2ded.,  p.  654. 

Description. — "  Head  without  movable  cheeks,  of  moderate  size,  de- 
pressed convex,  slightly  arched  in  front,  where  the  width  is  consider- 
ably less  than  behind;  length  about  equal  to  breadth  in  Irout. 

^'  Glabella  ovate  conical,  sides  straight,  and  dorsal  fnrrows  so  inclined 
as  to  meet  if  produced  in  middle  part  of  anterior  margin ;  very  convex; 
more  elevated  in  the  middle ;  posterior  furrows  reacliing  about  one-third 
of  the  way  across  the  glabella,  directed  strongly  backwards,  and  reach- 
ing nearly  to  the  base  of  the  glabella ;  middle  furrows  less  distinctly 
marked,  short,  not  so  oblique  as  first;  anterior  very  short,  appearing 
only  as  little  pits  or  depressions  on  the  sides  of  the  glabella. 

*' Occipital  ring  narrow,  convex,  widest  in  the  middle,  narrowing  to- 
wards the  sides,  which  are  turned  forward,  giving  to  it  a  crescent 
shape.  Occipital  furrow  deep  and  welldeveloi)ed,  widest  in  the  middle, 
where  it  slightly  impresses  the  base  of  the  glabella  ;  narrow  and  slightly 
bent  forward  at  the  ends.  The  ring  bears  a  little,  short,  conical,  tuber- 
cle-like  spine  in  the  middle,  directed  slightly  backwards. 
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^'  Fixed  cheeks,  frontal  limb  one-third  to  one-fonrth  of  whole  length  of 
heady  with  a  narrow,  high,  convex  border,  inside  of  which  is  a  moder- 
ately deep  furrow;  cheek-lobes  depressed,  convex,  meeting  in  front, 
rising  abruptly  from  the  deep  dorsal  furrow,  on  the  borders  of  which 
they  reach  their  greatest  elevation,  which,  however,  is  not  equal  to 
that  of  glabella,  and  sloping  thence  roundly  towards  the  sides  and 
front.  The  posterior  limb  bears  a  deep,  wide,  furrow,  which  widens 
somewhat  near  extremity.  The  marginal  fold  is  very  narrow  and  of 
little  prominence,  and  widens  a  little  in  the  outer  half.  The  posterior 
margin  bends  slightly  backwards  at  extremity  of  limb,  which  is  rounded.'' 

On  comparing  the  type  specimens  of  P.  Robbi  and  P,  formo9UH^ 
and  also  a  number  of  specimens  of  P.  Robbiy  I  am  unable  to  obtain 
good  specific. differences  between  them.  The  range  of  variation  is  ^^light 
and  the  two  extremes  are  intimately  united  by  specimens  possessing  the 
characters  of  each  in  a  more  or  less  fully  developed  condition.  P./or- 
mosus  appears  to  have  been  founded  on  compressed  8i)ecimeus  of  P. 
Sobbi. 

The  representative  type  of  P.  Robbi  occurs  in  the  Menevian  of  Wales 
as  the  very  closely  related  species  Ptyehoparia  {s^Conocoryplie)  oppla- 
natttj  Salter  (Quart.  Jour.  Geol.  Soc,  vol.  xxv,  p.  53,  pi.  xxv,  figs.  1, 
2,  4,  5).  In  Ptyehoparia  (^Solenopleura)  cristata^  Linnarsson  (Afdrag 
ur  Geol.  Foreningens,  i  Stockholm  Forhandl.  1877,  N:o.  40,  Baud,  iii, 
N:o.  12,  p.  370),  from  the  Paradoxides  beds  of  Sweden,  we  find  an  allied 
species,  and  Mr.  Linnarsson  compares  it  with  P.  Emmrichi^  the  nearest 
representative  of  the  type  in  Bohemia. 

Formation  and  ^ooZity.— Cambrian.  Saint  John  formation,  BatclifPs 
MillBtreami  N.  B. 

Ptychopaeia  Octanoondiana,  Hartt 

Plate  V,  figs.  4,  4a-/. 
ConiKtpkaUieB  oiiangondianuSy  Hartt,  1868^  Acadian  Geology,  Dawson,  2d  ed.,  p.  651. 

Description. — "  Head  without  movable  cheeks ;  strongly  convex  in 
OQtline,  somewhat  subangalar  in  front;  much  narrower  in  front  than 
behind,  where  width  is  greater  than  the  length  ;  width  in  front  nearly 
equal  to  length ;  anterior  margin  wide,  with  a  strong  fold,  whose  axis 
is  strongly  inclined  forwards,  so  that  it  presents  a  short,  steep,  convex 
slope  forward,  and  a  long,  concave  slope  in  the  inner  side,  being  much 
less  elevated  than  glabella  or  fixed  cheeks.  Glabella  long,  ovate-con- 
ical, nearly  twice  as  wide  posteriorly  as  in  front ;  very  convex,  slightly 
subangular  at  the  middle ;  sides  straight,  inclined  to  one  another  so 
as  to  meet  in  the  middle  of  front  margin  if  produced ;  rounded  in  front ; 
casts  sometimes  showing  three  pairs  of  short,  raised,  transverse  lines 
on  the  sides  of  the  glabella,  occupying  the  position  of  the  ordinary 
glabellar  furrows ;  of  these  the  two  posterior  are  dii-ected  obliquely 
backwards.    In  some  specimens  there  seems  to  be  a  fourth  pair  in  ad- 
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vauce  of  the  other,  represented  by  little  tabercle-like  processes  situated 
on  the  side  of  the  glabella  in  front,  just  where  the  sides  carve  to  the 
firont.  Glabella  very  much  more  convex  than  fixed  cheek.  Occipital 
ring  strongly  arched  upward,  and  separated  from  glabella  by  a  well- 
marked  groove ;  middle  of  posterior  margin  produced  backwards  in  a 
short  conical  spine.  Fixed  cheeks  highest  along  dorsal  farrow,  towards 
which  they  pressed  abrupt  round  slopes,  while  their  geaeral  surface 
slopes  gently  and  quite  evenly  towards  front  of  sutures.  The  dorsal 
furrows  are  confluent  in  front  with  the  flat  margin,  so  that  the  cheek- 
lobes  do  not  meet  in  front.  They  are  highest  along  the  straight  dorsal 
furrows,  but  where  they  bend  to  go  round  the  anterior  extremity  ol' 
glabelhi,  the  cheek-lobes  narrowing  and  curving  towards  each  other, 
gradually  sink  away  an4  disappear  in  the  front  flattened  space.  The 
ocuhir  lobes  are  very  well  developed,  forming  subsemicircular  lappet- 
like lol)es,  curved  strongly  upwards,  and  situated  about  opposite  the 
center  of  the  head.  An  ocular  ridge,  low  and  rounded,  but  very  prom- 
inent, runs  from  anterior  margin  of  ocular  lobes,  with  a  cur\'e  almost 
parallel  with  front  margin  of  shield,  but  slightly  divergent  from  it  to 
the  dorsal  furrow,  which  it  gains  at  a  point  considerably  back  of  front 
of  glabella,  and  where  the  straight  part  of  the  dorsal  furrow  bends  to 
go  round  the  front.  Posterior  limb  short  and  broadly  rounded.  Post- 
marginal  furrows  less  deep  than  dorsal ;  wider ;  marginal  fold  narrow 
and  moderately  prominent ;  shield  strongly  arched  transversely ;  sur- 
face smooth." 

This  species  is  more  fully  represented  by  the  central  portion  of  the 
head  than  any  other  in  the  collection.  The  range  of  variation  appears 
to  have  been  small  originally,  but  the  distortion  by  lateral  and  ver- 
tical compression  gives  it  a  variety  of  forms.  Three  of  these  are  illus- 
trated. 

A  small  head  that  apx>ears  to  be  uncompressed  looks  very  much  like 
that  of  P.  (Solenopleura)  eristata^  Linnarsson.  (See  description  of  P. 
Robbi.)  Mr.  Hartt  speaks  of  this  species  as  rather  uncommon  at  Bat- 
cliff's  Mill  stream,  but  on  examining  all  the  duplicate  material  we  find 
upwards  of  forty  specimens.  From  the  character  of  many  of  the  spec- 
imens it  appears  quite  probable  that  some  of  this  material  was  not  be- 
fore him  when  he  wrote  the  notes  on  the  species. 

Formation  and  locality. — Cambrian.  Saint  John  formation,  BatclifPs 
Millstream,  N.  B. 

Ptyohopabia  Ouangondiana,  var.  aurora,  Hartt 

Plato  V,  fig.  r>. 
Conooephalites  aurora,  Hartt,  1868,  Acadian  Geology,  Dawson,  2d  ed.,  p.  663. 

Description. — ^'Besembles  C.  ouangondianum^  but  differs  in  wider 
head,  more  depressed  ;  anterior  margin  more  broadly  rounded,  and 
border  more  strongly  reliexed  and  elevated." 
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To  me  the  distinctive  character  between  this*  species  and  P.  ouangon- 
diana  is  in  the  form  of  the  glabella.  Compression  and  distortion  may 
give  the  depressed  broader  form  and  reflexed  rim,  but  not  entirely  the 
sabqnadrate  glabella,  that  appears  to  be  a  feature  of  original  varietal 
importance.  With  a  large  series  of  specimens  of  this  form  showing  its 
variations,  the  tendency  will  be  to  deprive  it  even  of  a  varietal  name 
and  unite  it  directly  with  P.  Ouangcndiana. 

Formation  and  locality.— With  the  preceding  species  at  BatclifPs  Mill- 
stream,  N.  B. 

Ptyohopabia  quadrata,  Hartt. 

Plftte  Y,  fig.  1. 
CauociphalUe*  quadrata,  Hartt,  1868,  Acadian  Geology,  DawsoD,  2d  ed.,  p.  664. 

Description. — *'Head  minute,  transversely  oblong,  twice  as  long, 
slightly  curved  in  front,  straight  behind,  very  flat ;  a  narrow  elevated 
fold,  convex  in  front,  Concave  behind,  and  somewhat  inclined  backward, 
goes  round  the  margin." 

There  appears  to  be  but  one  specimen  representing  this  species  in  the 
collection.  The  strongly-marked  subquadrate  glabella  distinguishes  it 
at  pnce  from  the  associated  species  except  P.  ouangondianus^  var.  au- 
rora^  from  which  it  is  scarcely  separated  by  the  character  of  the  frontal 
rim  and  the  stronger  ocular  ridges.  The  entire  length  of  the  head  is 
but  two  iniUimeters. 

FormaHon  and  locality. — Cambrian.  Saint  Johnformation.  Portland, 
a  little  northward  of  Saint  John,  N.  B. 

Ptychoparia  Orestes,  Hartt. 

Plate  ▼,  fig.  3,  3a. 

ConooepkdHtm  crmtm,  Hartt,  1868,  Acadian  Gtoology,  Dawson,  Sd  ed.,  p.  649. 
ConoctphdlUei  HalU,  Hartt,  1868,  Acadian  Qcology,  Dawson,  2d  ed.,p.664. 

Description* — ^*  The  head-shield  of  this  species  without  movable  cheeks 
is  of  medium  size,  length  about  equal  to  breadth  in  front,  or  to  two- 
thirds  width  behind ;  margin  arched  moderately  in  front,  with  a  rather 
wide,  low  border  fold,  widest  in  front,  narrowing  toward  the  sides,  sep- 
arated from  the  rest  of  the  head  by  a  shallow  groove.  Glabella  long, 
ovate,  conical,  or  cylindrico-conical,  extremely  convex,  wider  behind 
than  in  front,  where  it  is  rounded.  The  sides  are  straight,  and  so  in- 
clined to  one  another  as  to  meet,  if  produced,  at  a  distance  in  advance 
of  margin  in  front  about  equal  to  the  distance  of  that  line  from  glabella. 
The  glabella  is  flattened  on  the  sides  and  never  regularly  convex. 
There  are  three  i>air8  of  furrows,  which  lightly  impress  the  sides  of  the 
glabella,  and  of  which  traces  are  not  always  distinctly  preserved,  and 
they  are  apt  to  be  seen  best  in  slightly  distorted  specimens.  Dorsal 
furrow  narrow,  deep,  and  sharply  cut;  occipital  ring  widest  in  the  mid- 
4JcL  uajT0we4  from  behind  at  the  sides,  separated  from  glabella  by  a 
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distiuct  furrow.  Bears  in  the  middle  a  minnte  tubercular  spine  poiiit- 
iug  upwards  Fixed  cheeks  strongly  convex,  but  much  less  so  than  the 
glabella,  meeting  in  front  with  abrupt  slopes  toward  dorsal  and  poste- 
rior marginal  farrows,  but  with  gentle  rounded  slopes  toward  sides  and 
anterior  groove.  Ocular  ridges,  marked  as  lightly  raised  lines,  origi- 
nating at  the  dorsal  furrow  some  distance  behind  the  front  of  the  gla- 
bella, and  rising  obliquely  upwards  and  backwards  to  ocular  lobes 
which  are  small  and  semi-lunar,  folded  considerably  upwards,  and  are 
situated  just  opposite  middle  of  head;  width  between  ocular  lobes 
about  equal  to  the  width  in  front.  Behind  the  eye  the  suture  describes 
a  long  open  sigmoid  curve,  which  is  continued  inward  somewhat  so  as 
to  give  the  limb  a  rounded  outline,  and  make  the  cheek  here  about  one- 
third  wider  than  at  the  eye.  Posterior  margin  of  cheeks  with  a  slight 
fold,  more  prominent  in  the  middle ;  outer  half  of  this  margin  is  arched 
backwards.    Whole  head  arched  slightly  forward  vertically.'' 

The  relations  of  this  species  are  with  both  P.  Robbi  and  P.  Ouangon- 
diana.  From  the  former,  the  character  of  the  frontal  rim  and  the 
more  elongate  glabella  serves  to  separate  it,  and  from  the  latter  the 
rounded  rim-like  frontal  border  instead  of  the  broader  flattened  mar- 
gin.   The  relations  of  P.  Orestes  and  P.  Ouangondiana  are  very  close. 

Specimen  No.  59  is  recorded  in  M.  Hartt's  list  as  Conocephalitea  Halll^ 
and  that  name  is  scratched  on  the  slate  beside  the  specimen.  The 
figure  in  the  Acadian  Geology  (Fig.  227)  was  certainly  not  drawn  from 
this  specimen,  but  the  description  appears  to  have  been. 

Description, — *'  Well  separated  from  all  others  by  its  very  convex, 
narrow,  and  long  glabella,  ovate,  or  cylindro-conical,  as  well  as  by  its 
strongly-rounded  sub-angular  outline  in  front,  and  by  its  peculiar  ante- 
rior marginal  fold." 

I  have  studied  the  type  specimens  and  also  the  representations  of 
P.  Orestes  and  iTTr.  Hartt's  G,  Halli  in  the  collection,  and  it  appears  tr> 
be  impossible  to  find  characters  that  are  persistent  in  a  series  of  indi- 
viduals to  separate  them  as  distinct  species. 

Formation  and  locality, — Cambrian.  Saint  John  formation,  Ratcliff's 
Millstream,  N*.  B.  The  type  of  Mr.  Hartt's  0.  Halli  is  from  the  same 
locality. 

Ptyohoparia  Orestes,  var.  Thersites,  Hartt. 

Plate  V,  fig.  2. 

CoPoephaWes  Thersites,  Hartt,  1868,  Acadian  Geology,  Dawson,  2d  ed.,  p.  663. 

>  -• 

Description. — "Differs  from  the  last  (Conocephalites  Aurora)  and 
also  from  C.  Ouangondianum  in  the.  front  margin  being  broad  and  flat, 
and  bordered  by  a  low,  narrow,  flattened  fold  or  ridge,  &c.  Glabella 
in  the  cast  has  three  pairs  of  very  short  raised  lines  on  the  sides.*' 

This  species  appears  to  have  been  founded  on  a  single  somewhat 
diatOTteA  head,  exclusive  of  the  free  cheeks.     Its  relations  to  P.  Ores- 
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tes  are  very  close,  and  I  bad  placed  it  with  C.  Halli  under  P.  Orestes 
in  a  ]>relimiuary  study  of  the  species.  The  materisU  is  so  fragmentary 
and  poorly  preserved  that  it  is  difficult  to  satisfactorily  determine  the 
Hmits  of  many  of  the  species. 

Formation  and  locality, — Cambrian.  Saint  John  formation,  Batdiff's 
Millstream,  K.  B. 

Ptyohopabia  teneb,  Hartt 

Plate  V,  figs.  6,  6a,  h, 

ConocephaUtes  temer,  Hartt,  1868,  Acadian  Geolop^y,  Dawson,  2d  ed.,  p.  652. 
ConooepKalitei  neglectue,  Hartt,  1868,  Acadian  Geology,  Dawson,  2d  ed.,  p.  654. 

Description, — '^  Minute,  glabella  ovate-conical,  truncate  at  base,  rounded 
in  front,  where  it  is  about  half  as  wide  as  at  occipital  furrow,  slightly 
contracted  behind,  length  about  equal  to  width  at  occipital  furrow, 
strongly  depressed  convex,  more  elevated  at  base  than  at  front,  and 
higher  also  than  fixed  cheeks ;  aspect  varies  with  state  of  preservation 
of  specimens,  arcuate,  rounded,  convex,  or  concave;  the  middle  seemn 
to  be  inclined  to  project  back  slightly  over  the  occipital  furrow,  slopes 
abruptly  to  occipital  furrow,  which  is  moderately  deep,  wide,  and  nar- 
rowed, and  slightly  inclined  forward  at  the  ends,  where  it  terminates 
abruptly;  bounding  groove  decider  than  other  grooves  in  head;  occipital 
ring  projecting  backward  bodily  beyond  higher  margin,  with  the  axis 
of  its  fold  inclined  more  or  less  backward,  and  produced  in  the  middle 
into  a  short  conical  backward  inclined  spine;  anterior  limb  regularly 
arched,  as  if  the  outlines  of  the  complete  head  were  semicircular. 

^^  Fixed  cheeks,  anterior  border  broad,  fiat  concave,  rising  more  or  less 
abruptly  to  a  sharp,  thin,  marginal  fold;  width  between  anterior  ex- 
tremities of  cheek  sutures  «qual  to  or  about  twice  width  of  glabella  at 
base.  Cheek-lobes  but  slightly  convex,  and  much  more  depressed  than 
the  glabella.  Ocular  ridges  very  distinct,  thin,  sharp,  elevated  ridges, 
that  begin  about  inner  edge  of  cheek-lobes,  just  behind  rounded  front 
of  glabella,  run'outward  and  backward  at  an  angle  of  6(P  to  65^  to  the 
antero-x>osterior  diameter.  They  are  at  first  straight,  but  soon  begin  to 
bend  backward  more  and  more  abruptly,  forming  a  fragment  of  a  spiral, 
their  extremities  being  slightly  directed  inwards.  The  width  between 
the  ocular  lobes  is  about  equal  to  twice  the  length  of  the  glabella.  The 
ocular  ridges  are  inclined  outwards  and  forwards.  Another  ridge  of 
the  same  appearance  begins  a  very  short  distance  behind  the  origin  of 
the  former,  and  on  the  very  margin  of  the  cheek -lobes,  and,  diverging 
from  the  margin  nearly  opposite  to  the  base  of  the  glabella,  bends  off 
abruptly  along  the  posterior  margin  of  the  cheek-lobe,  describing  a 
curve,  whose  convexity  is  directed  backwards.  This  ridge  terminates 
considerably  outside  of  the  ocular  lobe,  at  a  point  distiint  from  the 
glabella  about  equal  to  half  the  width  of  the  latter  at  its  base.  This 
ridge  is  usually  found  inclined  in  the  opposite  direction  to  the  former, 
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viz,  inward  and  backward.  Posterior  margin  of  fixed  cheeks  moder- 
ately and  regularly  S  carved,  the  inner  halves  carving  forwards,  the  outer 
halves  backwards,  with  a  marginal  fold  most  elevated  in  the  middle, 
bat  luach  less  so  than  the  ridges  of  the  cheek-lobe  or  the  anterior  fold. 
This  fold  becomes  doable  at  aboat  the  middle,  by  the  appearance  of  a 
groove  running  along  its  summit,  and  it  appears  to  ran  out  before  reach- 
ing the  lateral  suture.  The  width  between  the  posterior  extremities  of 
cheeksntures  is  considerably  greater  than  between  the  anterior  ex- 
tremities or  between  the  ocular  lobes.    Olabella  without  furrows." 

This  is  a  very  striking  and  peculiar  species,  owing  to  the  develop- 
ment of  the  sharp  ocular  ridges  and  the  ridges  between  them  and  the 
glabella. 

Associated  with  P.  tener  is  a  form  described  by  Mr.  Hartt  as  0.  neg- 
leoius  : 

Description. — "  Glabella  regularly  semi-elliptical ;  length,  exclusive  of 
occipital  ring,  about  two-thirds  of  the  width  at  base,  moderately  convex. 
Highest  at  middle  of  base  and  sloping  with  a  regular  curve  toward  the 
front.  Trace^t  of  two  pairs  of  glabellar  furrows  on  the  sides.  Occipital 
furrow  deep  nud  concave.  Occipital  ring  with  straight  parallel  mar- 
^lus,  uiirruw,  with  a  short  conical  spine  directed  upward." 

The  type  si)ecimen,  No.  341,  of  Mr.  Hartt's  list,  shows  the  same  ocular 
ridges  as  in  P.  tener  and  also  the  same  ridges  on  the  inner  side  of  the 
palpebral  lobes.  The  specimen  has  been  compressed  so  as  to  shorten 
and  widen  the  glaliella,  and  give  it  the  characters  mentioned  by  Mr. 
H:!rtt.  On  the  evidence  of  the  material  in  the  collection,  it  does  not 
appear  to  represent  a  distinct  species  from  P.  tener. 

Formation  and  locality. — Cambrian.  Saint  John  formation,  Portland, 
a  little  northward  of  Saint  John,  K^  B. 
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Wishing  to  examine  typical  specimens  of  Paradoxides  Harlaniy  the 
writer  visited  Boston,  and  throngh  the  kindness  of  Mr.  Alpheus  Hyatt, 
curator  in  oharge  of  the  collections  of  the  Boston  Society  of  Natural 
History,  he  not  only  obtained  access  to  the  collection  from  the  Brain- 
tree  argillites,  but  the  loan  of  such  specimens  as  were  wished  for  study 
and  illustration.  Mr.  Alexander  Agassiz  also  gave  permission  to  use 
material  in  the  collections  of  the  Museum  of  Comparative  Zoology,  and 
Mr.  N.  S.  Shaler  placed  his  private  collection  at  the  writer's  disposal. 
It  is  owing  to  these  favorable  conditions  that  I  am  able  to  present  at 
this  time  illustrations  and  descriptions  of  the  fauna  of  the  Braintree  ar- 
gillites. 

The  first  notice  of  the  presence  of  fossils  in  the  patches  of  argillite 
associated  with  the  Quincy  granite  in  the  north  end  of  the  town  of  Brain- 
tree,  Mass.,  was  by  the  late  Mr.  William  B.  Rogers,  who  called  the  at- 
•  tention  of  the  members  of  the  Boston  Society  of  Natural  History  to  it 
when  exhibiting  specimens  of  a  large  trilobite  found  at  Hayward's 
quarry  (Proc.  Boston  Soc.  Nat.  Hist.,  vol.  vi,  p.  27,  1856).  Subse- 
quently Mr.  Rogers  traced  the  history  of  tbe  trilobite  described  by  Mr. 
Jacob  Oreen  9s  Paradoxides  Harlani^  in  1834,  and  showed  quite  conclu- 
sively that  it  came  from  Hayward's  quarry  and  was  identical  with  the 
species  found  there.  Mr.  Henry  D.  Rogers  published  the  best  figure  of 
the  species  yet  given,  with  remarks  on  its  discovery,  &c.  (Oeol.  Surv. 
Penn.,  vol.  ii,  p.  816, 1868). 
_  Numerous  collectors  obtained  specimens  of  Paradoxides  Harlanij  but 
it  is  not  until  1861  that  we  find  any  notice  of  other  species.  Mr.  Albert 
Ordway  then  states  that  he  had  found  a  fragment  of  a  trilobite  similar 
to  that  described  in  tbe  Paradoxides  beds  of  Newfoundland,  in  associa- 
tion with  Paradoxides  Bennettij  and  which  he  referred  to  the  genus  £1- 
lipsocephalus.  He  also  mentions  the  discovery  of  '^  a  distinct  fucoidal 
impression  which  shows  three  branches,  each  about  4  inches  long,  but 
not'suflftiiently  well  marked  to  afford  any  evidence  with  regard  to  its 
nature"  (Proc.  Boston  Soc.  Nat.  Hist.,  vol.  viii,  p.  6, 1862).  The  small 
trilobite  is  probably  the  same  as  that  subsequently  described  by  Mr.  R. 
P.  Whitfield  as  Arionellus  =  Agraulos  quadrangularis  (Bull.  Amer.  Mus. 
Nat.  Hist.,  vol.  i,  p.  147, 1884).  Mr.  Ordway  also  published  a  figure  of 
the  head  of  Paradoxides  Harlani^  when  comparing  that  species  with 
Paradoxides  s^HnosuSy  Boeck,  which  Mr.  Barrande  considered  as  identical 
with  P.  Harlani  (Bull.  Geol.  Soc.  France,  vol.  xvii,  pp.  545-548,  1860). 

In  the  year  1863  a  restored  figure  of  Paradoxides  Harlani^  by  Mr.  F. 
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B.  Meek,  was  published  in  Dana's  Manaal  of  Geology  and  repeated  iu 
each  subsequent  edition  of  the  Manual.  This  very  well  represents  the 
general  characters  of  the  species. 

The  publication  of  the  second  described  species  by  Mr.  Whitfield 
gi\e8  a  stronger  interest  to  the  fauna,  which  is  now  increased  by' the 
addition  of  another  species  of  trilobite,  Ptychoparia  Bogersij  and  a  spe- 
cies of  Pteropod,  Hyoliihes  Shaleri, 

In  seeking  for  a  fauna  in  the  Cambrian  system  of  North  America  to 
compare  with  that  of  the  Braintree  argillites,  we  are  at  once  directed  to 
the  Paradoxides  beds  of  Newfoundland  by  the  almost  perfect  identity 
of  the  leading  tyi>e  of  each  locality,  Paradoxides  Harlani  and  P.  Bennettu 
{  think  it  has  yet  to  be  decided  that  the  two  are  distinct  species.  Hy- 
olithes  excellem^  Billings  (Pal.  Foss.,  vol.  ii,  pt.  1,  p.  70, 1874),  is  very 
closely  related  to  H.  Shaleri^  more  so  than  to  any  other  American,  spe- 
cies, and  Agraulos  socialiSj  Billings  {loc.  cit^  p.  71),  is  of  the  same  type 
as  A.  quadrangularia,  Whitfield,  as  shown  by  figure  1  of  plate  vii. 
Ftychoparia  Rogersi  does  not  appear  to  be  represented  in  the  Newfound- 
land Paradoxides  beds,  unless  it  bo  by  Ftychoparia  {Soknopleura)  com- 
munis, Billings  (loc.  cit,  p.  72). 

Mr.  Barrande  has  shown  the  strong  resemblance  between  Paradoxides 
spinosusy  of  the  Bohemian  Basin,  and  P.  Harlani  ;  and  the  Paradoxides 
beds  of  Sweden,  Bohemia,  Wales,  Newfoundland,  and  Braintree  have 
frequently  been  correlated  in  a  general  manner  by  authors. 

■ 

Genus  HYOLITHBS,  Bichwald. 

'  Btolithes  Shalebi,  n.  sp. 

Plate  viiy  figs.  4  4a-c. 

Form  an  elongate  triangular  pyramid,  slightly  arching  towards  the 
dorsal  side  and  expanding  regularly  from  the  a\>ex  towards  the  aper- 
ture. Transverse  section  midway  of  the  length,  semielliptical,  with  a 
width  twice  as  great  as  the  height;  the  lateral  angles  acute.  Ventral 
face  gently  convex  transversely,  curving  slightly  longitudinally.  Dor- 
sal face  strongly  convex,  and  showing  a  slight  tendency  to  become 
angular  at  the  center,  a  little  concave  longitudinally.  From  the  direc 
tion  of  the  surface  lines  the  aperture  appears  fo  have  been  oblique- 
Opercuhim  unknown.  Surface  marked  by  lines  of  growth  that  on  the 
dorsal  side  are  nearly  tran -verse,  and  on  the  ventral  side  arched  for- 
ward; traces  of  fine  longitudinal  lines  are  shown  in  the  matrix  of  the 
ventral  side. 

Dimensions. — Length,  about  90"™ ;  breadth  of  ai)erture,  23"" ;  height 
of  aperture,  about  14™".  The  apex  is  broken  away,  and  the  aperture  a 
little  crushed  by  compression. 

The  most  nearly  related  American  species  is  Hyolithes  excellens^  Bill- 
ings (Pal.  Foss.,  vol.  ii,  pt.  1,  p.  70,  fig.  39, 1874),  ftom  Smith's  Sound, 
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Triuity  Bay,  l^ew  FoQDdlaud.  Mr.  BilliDgd^s  description  and  figures  lead 
me  to  think  that  the  two  8i)ecie8  are  closely  allied,  but  still  distinct, 
species. 

The  specific  name  is  given  in  honor  of  the  discoverer  of  the  specimen 
illastrated,  Mr.  N.  S.  Shaler,  Paleontologist  of  Harvard  University. 

Farmatian  and  locality, — Lower  Cambrian.  Braintree  argillites,  Hay- 
ward's  Quarry,  South  Braintree,  Mass.  \ 

Genus  PARADOXIDES,  Brongniart      * 
Pabadoxides  Hablani,  Green. 

Plate  Tii,  fig.  3;  plate  viii,  figs.  1,  la-€;  plate  ix,  fig.  1. 

Paradoxid»  Harlanif  Green,  1834,  Amer.  Joum.  Sci.,  toI.  xzy,  p.  336. 

Kogen,  Wm.  B.,  1856.    Proc.  Boston  Soc.  Nat.  Hist.,  vol.  yi,  pp.  27-29,  pp. 

40-44 ;  ibid.,  Stodder,  p.  369.     tlogen,  Wm.  B.,  alao  in  Amer.  Joor.  SoL,  2d 

ser.,  yol.  xzii,  p.  296.    Rogers,  H.  D.,  1858.    Geol.  Penn.,  vol.  ii,  p.  816. 

fig.  590. 
Ordway,  1861.    Proo.  Boston  Soc.  Nat.  Hist.,  vol.  viii,  pp.  1-6 ;  M2.,  Jackson, 

p.  58. 
Dana,  1863.    Mannal  of  Geology,  p.  189,  fig.  245.    This  fignre  appears  in  each 

subsequent  edition  of  the  Mannal. 
Compare  Paradoxidea  9pino€uat  Boeck. 

Mr.  Green's  original  description  is  as  follows : 

Description. — '<  The  contour  of  the  buckler  in  this  species  cannot  be 
satisfactorily  determined  from  our  present  specimen ;  the  anterior  and 
posterior  parts  of  it  are  well  defined,  but  the  cheeks  on  each  side  are 
either  mutilated  or  obscured.  The  front  is  very  much  elevated  above 
the  surfeuse  of  the  cheeks.  It  rises  a  little  before  the  anterior  edge  of 
the  buckler,  is  rounded  in  front,  and  gradually  tapers  towards  the  mid- 
dle lobe  of  the  abdomen,  with  which  it  forms  a  regular  continuation. 
On  its  posterior  surface  there  are  three  transverse  furrows;  the  upper 
one  crosses  it  a  little  obliquely,  and  there  is  on  each  side  above  a  con- 
siderable protuberance.  The  oheeJcs  were,  no  doubt,  in  the  form  of 
spherical  triangles,  but  whether  the  outer  angles  terminated  in  acute 
prolongations  cannot,  from  our  specimen,  be  determined.  The  organs  of 
vision  appear  to  be  entirely  wanting.  There  are  two  shallow  depres- 
sions on  each  side  of  the  cheeks,  commencing  near  the  protuberances  on 
the  front,  and  running  towards  the  lateral  edges  of  the  buckler.  The 
posterior  border  of  the  buckler,  where  it  joins  the  lobes  of  the  abdomen, 
is  marked  by  a  transverse  groove,  nearly  continuous  with  the  lower 
transverse  furrow  on  the  front ;  this  groove  at  its  commencement  ap- 
I)ear8  to  bifurcate  outwards.  The  abdomen  and  tail  cannot  be  distin- 
guished from  each  other.  There  are  seventeen  distinct  articulations  in 
both.  The  middle  lobe  is  very  convex,  and  is  separated  from  the  lateral 
ones  by  a»  deep  channel ;  it  gradually  tapers  to  an  obtuse  tip.  In  our 
specimen  there  is  a  small  part  of  the  tail  of  another  trilobite  deposited 
ill  this  place,  which  at  first  sight  appears  to  be  a  dislocated  fragment 
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iti^fw/  W«  ^^w  flattened ;  the  costal  arches  are 
of  onr  anuB^  ^^ins&tioB,  and  for  aboat  half  their  length,  but 
^,Biy  ^gtinct  ^^  ^^^^i^^  they  are  a  good  deal  oblite^ted.  There 
tovards  tfc«r  ^  ^  delicate  memhranaoeauH  prolongation  for  a  con- 

*'*'**»L^H*  lanoe  bejond  the  solid  portion  of  each  rib.    This  organiza- 
skleiwie     ^^^^^^^t,  on  the  costal  arches  of  the  tail.    There  is  a  deep 
^^^^  ^     nuiDg  obh'qaely  over  the  upper  surface  of  each  rib.    Length  of 
^TfoLil  about  9  inches ;  breadth,  about  4  inches.'^ 
Ill    Green  did  not  know  the  true  locality  of  the  specimen  sent  to  him 
Mr  Harlan,  and  it  was  not  until  twenty-two  years  after  that  Mr.  W. 
"  no<rt)r8  annonnced  the  discovery  of  specimens  of  the  same  species  at 
Soath  Braintree,  near  Boston,  Mass.,  identifying  the  locality  of  the  spec- 
imen used  by  Mr.  Green  in  his  original  description.    The  description  is 
unacoompauied  by  figures,  but  fortunately  Mr.  Green  made  namerous 
casts  of  the  type,  one  of  which  is  now  before  me.    It  is  the  narrow  form 
of  the  species,  measuring  22<*'°  in  length  by  about  1^^  in  width  across 
the  back  of  the  head,  and  12<'™  across  the  widest  portion  of  the  thorax. 
The  palpebral  lobes  and  movable  cheeks  are  broken  away,  also  the  pos- 
terior segment  of  the  thorax  and  the  pygidium  is  displaced.    Mr.  Green 
describes  the  species  as  having  17  thoracic  segments ;  but  in  a  very  fine 
specimen  now  in  the  collection  of  the  Boston  Society  of  Natural  HistcH^-, 
18  segments  are  shown  between  the  head  and  pygidium ;  and  Mr.  Henry 
D.  Rogers  gives  a  very  perfect  figure  with  18  thoracic  segments. 

Mr.  Ordway,  in  making  a  comparison  between  that  species  and  the 
Bohemian  P.  spinosus  (Proc.  Boston  Soc.  Nat.  Hist.,  vol.  viii,  p.  3),  gives 
an  outline  figure  of  the  head  of  P.  Harlani,  which  is  evidently  a  restored 
figure  made  up  from  fragments. 

At  the  request  of  Mr.  J.  D.  Dana,  Mr.  F.  B.  Meek  drew  a  figure  of  P. 
Harlani  for  the  Manual  of  Geology,  from  more  or  less  fragmentary  speci- 
mens in  Mr.  Dana's  collection.  This  is  one  of  the  best,  but  not  the  best 
(see  Bogers's  figure),  representations  of  the  species  yet  published ;  but 
in  the  presence  of  19  segments  in  the  thorax,  and  the  short  extension  of 
the  posterior  pleurse  and  other  details,  it  varies  from  specimens  before 
us.  There  is  considerable  variation  in  the  species  in  the  relative  length 
and  breadth  of  individuals.  In  a  form  similar  to  the  tyx>e,  the  length  is 
2V^^,  and  the  greatest  breadth  of  the  thorax  10®°^.  In  two  broad  speci- 
mens the  length  is  25«°*  and  35^"* ;  the  breadth  of  the  thorax  1&^^  and 
20®°*.,  respectively.  This  variation  is  also  shown  in  the  pygidium,  as  may 
be  seen  by  comparing  figs.  16,  c,  d  of  plate  viii.  In  the  head  the  great- 
est variation  is  seen  in  the  contour  of  the  fronta.1  margin  and  the  grad- 
ual development  of  the  frontal  limb  and  rim.  On  the  small  specimens 
the  frontal  limb  is  very  short  and  more  or  less  rounded.  With  the  in- 
crease in  size,  the  space  between  the  glabella  and  the  marginal  rim  in- 
creases in  width,  and  the  latter  broadens  and  flattens  out. .  Onjr  informa- 
tion respecting  the  ix>sterolateral  spines  of  the  head  is  limited.  On  the 
narrow  form,  fig.  ^,  plate  ix,  they  extend  back  to  a  point  opposite  the 
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fourteenth  thoracic  seginent ;  and  the  movable  cheek,  fig.  3,  plate  vii, 
shows  a  loDg,  well-developed  spine.  There  is  a  limited  range  of  varia- 
tion in  the  extension  of  the  pleurse  of  the  thoracic  segments,  but  the 
material  for  study  is  too  limited  to  say  what  value  may  be  placed  ui)on 
it.  In  reviewing  all  the  variations,  I  do  not  think  that  more  than  one 
species  is  indicated.  A  narrow  and  broad  variety  might  be  designated 
if  thought  desirable. 

Of  American  species  of  the  genus  Paradoxides,  P.  Bennettij  Salter 
(Quart.  Joum.  Oeol.  Soc.,  vol.  xv,  p.  552,  fig.  1, 1859),  from  Newfound- 
land, is  the  most  nearly  related.  The  figure  accompanying  Mr.  Salter's 
description  appears  to  have  been  taken  from  a  distorted  specimen,  as 
the  two  specimens  now  before  me,  although  imperfect,  show  a  form  very 
similar  to  that  of  P.  Harlani. 

Mr.  Ordway  has  described  the  differences  between  P.  Harlanij  Oreen, 
and  P.  spino8U8j  Boeck  (Proc.  Boston  Soc.  Nat.  Hist.,  vol.  viii,  pp.  1-5, 
1861),  and  from  my  own  observations  and  comparisons  I  cannot  but 
agree  with  Mr.  Ordway  that  the  two  species  are  represented.  Mr.  Bar- 
rande  considered  P.  spinosua  and  P.  Harlani  as  one  species  (Bull.  Geol. 
Soc.  France,  vol.  xvii,  pp.  545-547, 1860).  Mr.  Barrande  had  the  cast  of 
ithe  imperfect  specimen  described  by  Mr.  Green  to  compare  with  speci- 
mens of  P^spinosus^  and  photographs  of  three  specimens  sent  to  him  by 
Mr.  W.  B.  Rogers.    The  two  species  are,  however,  very  closely  related. 

Farmatian  and  locality. — Lower  Cambrian.  Braintree  argillites.  Hay- 
ward's  quarry.  South  Braintree,  Mass. 

Genus  PTYOHOPABIA,  Corda. 
Pttohopabia  BoaEBSi,  n.  sp. 

Plate  vii,  fig.  2. 

This  species  is  known  only  by  the  central  portions  of  the  head,  and 
two  specimens  showing  portions  of  the  thorax. 

Glabella  cylindro-conical,  rounding  rather  abruptly  in  front,  posterior 
pair  of  glabellar  furrows  very  faintly  shown  in  one  specimen;  dorsal 
iurrow  strongly  defined;  occipital  furrow  rounded,  well  marked  and  ex- 
tending out  across  the  fiixed  cheeks;  occipital  ring  rather  narrow,  rising 
at  the  center  and  extending  backwards  in  a  short,  strong  spine ;  fixed 
cheeks  of  medium  wfdth,  moderately  convex,  and  sloping  forward  to 
unite  with  the  frontal  limb;  ocular  ridges  shown  only  on  one  specimen; 
starting  a  little  back  of  the  anterior  end  of  the  glabella,  they  extend 
obliquely  backward  to  the  small  palpebral  lobe;  frontal  limb  rather 
narrow ;  it  curves  downward  for  a  short  distance  in  front  of  the  glabella 
and  then  up  to  the  frontal  rim.  The  facial  sutures  cut  the  anterior 
margin  so  as  to  leave  a  narrow  frontal  limb,  and  then  extend  obliquely 
outward  and  backward  to  the  palpebral  lobe;  back  of  this  they  extend 
obliquely  outward  to  the  posterior  mar§^in  of  the  head.  . 
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Thorax  formed  of  well  marked,  stron^l^'  trilobed,  narrow  segmeuts; 
the  axial  lobe  about  oue- third  of  the  entire  width  anteriorly',  and  taper- 
ing rather  rapidly  backward;  pleural  grooves  very  narrow.  Number 
of  segments  in  the  thorax  unknown. 

The  couditiou  of  the  preservation  of  the  surface  renders  its  character 
uncertain.    It  is  apparently  roughened  or  granulose. 

Owing  to  the  lateral  compression  of  the  specimen  illustrated,  the  form 
of  the  glabella  is  too  elongate.  In  hopesLof  getting  better  specimens 
the  further  illustration  of  the  species  is  deferred. 

The  specific  name  is  given  in  honor  of  Mr.  W.  B.  Bogers,  the  distin- 
guished geologist,  who  took  so  strong  an  interest  in  the  discovery  of 
the  Braintree  paradoxides  beds  in  1856. 

Formation  and  locality. — Lower  Cambrian.  Braintree  argillites. 
Hay  ward's  quarry,  South  Braintree,  Mass. 

Genus  AGRAULOS,  Corda. 

AOBAULOS  QUADBAN6ULABIS,  Whitfield. 

Plat©  vii,  fig.  1. 

AfianeUus  quadrangularU,  Whitfield,  1884.    BaU.  Amer.  Nat.  Hist.,  p.  147,  phkte  xiv, 
fig.  8. 

Description. — ^^  Known  only  by  the  glabella  and  fixed  cheeks,  which 
are  of  small  size,  and  as  united  are  subquadrangular  in  form  and 
depressed  convex.  Glabella  quadrangular  a  little  narrower  in  front 
than  at  the  occipital  line,  squarely  truncate  in  front  and  destitute  of 
any  appearance  of  glabellar  furrows.  Dorsal  furrows  bounding  the 
glabella,  deeply  marked.  Fixed  cheeks  about  half  as  wide  as  the  gla- 
bella, moderately  convex  in  the  middle.  Frontal  limb  about  as  wide 
as  the  fixed  cheeks,  convex  on  the  surface  and  strongly  arched  on  the 
front  border;  no  marginal  rim  exists.  Palpebral  lobes,  oue  of  which 
is  visible,  minute,  and  but  slightly  raised  above  the  general  surface  of 
the  fixed  cheek  adjacent.  Occipital  ring  narrow.  General  surface 
smooth.  This  species  is  so  entirely  distinct  in  its  quadrangular  gla- 
bella that  there  is  no  possibility  of  confounding  it  with  any  other  Amer- 
ican species  of  the  genus.'' 

We  have  two  specimens  of  this  species  showing  the  central  portions 
of  the  head  and  fixed  cheeks.  The  glabella  is  more  elongate  and  less 
quadrangular  than  in  the  type  specimen  which  appears  to  l>e  longitudi- 
nally compressed,  and  also  without  the  occipital  ring  and  the  postero- 
lateral  portions  of  the  fixed  cheeks.  Restoring  these  parts  in  outline 
on  the  figure  given  by  Mr.  Whitfield,  leads  to  the  conclusion  that  we 
have  but  one  species  represented  by  specimens,  varying  considerably 
owing  to  their  condition  of  preservation.  The  largest  head  is  from  the 
collection  of  Mr.  N.  S.  Shaler,  and  measures  18°»™  in  length.  A  smaller 
head  in  the  collection  of  the  Boston  Society  of  Natural  History  is  D"'"" 
jii  length,  and  shows  a  small  spine  on  the  center  of  the  occipital  liug. 
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The  first  notice  of  this  species  is  by  Mr.  Albert  Ordway  (Proc.  Boston 
Soc.  Nat.  Hist.,  vol.  viii,  p.  6,  1861),  where  he  refers  it  to  the  genns 
Ellipsocephalas,  bnt  does  not  propose  a  specific  name.  Mr.  J.  Marcon 
had  a  specimen  in  his  collection  for  many  years,  bnt  it  does  not  appear 
to  have  been  noticed  nntil  studied  by  Mr.  Whit&eld. 

Formation  and  locality . — Lower  Cambrian.  Braintree  argillites,  asso- 
ciated with  Paradoividea  HarUmi  at  Hayward's  qnany,  South  Braintree, 

Mass. 
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ON  A  XEW  GBIOJS  ANB  SPECIES  OF  PHYIiliOPOBA  FROM 

THE    MII>I>IiE   CAIVJDBRIAN. 

Genus  PROTO0ARI8,  n.  gen- 
Carapace  without  evidence  of  a  dorsal  suture^  rounded  on  the  dorsal 
line,  and  bent  downward  on  the  sides ;  without  any  rostrum.  Body 
many-jointed — 31  segments  extending  out  froin  beneath  the  carapace; 
the  last  segment  broader  than  the  preceding,  and  terminating  in  two 
spines.    Type  Protocaris  Marshi. 

In  comparing  Protocaris  (P.  Marshi)  with  Hymenocaris  {H.  vermi- 
catida)  (Salter,  1852.  Rep.  Brit.  Assoc,  pt.  2,  Notices  and  Abstracts,  p. 
58;  Mem.  Geol.  Surv.  Gt.  Brit.,  vol.  iii,  p.  293,  plate  ii,  figs.  1-4;  plate 
v.,  fig.  25, 1866)  we  find  that  in  the  simple,  bent  or  folded  eyeless  shield 
or  carapace  they  are  closely  related,  but  in  the  structure  of  the  body 
they  differ  materially.  Hymenocaris  has,  in  one  instance,  9  strong  seg- 
ments shown  in  its  more  elongate  body,  the  terminal  one  ending  in  three 
pairs  of  spines ;  usually  6  or  7  segments  are  seen,  8  or  9  are  less  fre- 
quent (Brit.  Assoc.  Rep.  1883,  p.  219).  Protocaris  has  30  narrow  seg- 
ments, a  large  terminal  segment  or  telson  with  two  rather  strong  caudal 
or  terminal  spines. 

Pbotooabis  Mabshi,  n.  sp. 

Plate  X,  fig.  1. 

The  specimen  on  which  the  genus  and  species  is  founded  is  com- 
pressed between  the  laminae  of  the  slate  so  that  the  entire  outline  of 
the  carapace  is  shown  and  the  body^  is  widened  out.  As  flattened  the 
carapace  is  rounded,  quadrangular  in  outline,  with  a  more  or  less  dis- 
tinctly defined  marginal  rim  all  around.  The  general  surface  appears 
to  have  been  smooth.    No  evidence  of  eyes. 

The  body  projecting  beyond  the  carapace  is  about  two-thirds  as  long 
as  the  carapace,  narrows  posteriorly,  and  is  made  up  of  numerous  nar- 
row segments,  ea<3h  about  one-third  of  a  millimeter  in  breadth  ;  the  last 
segment  or  telson,  which  is  2.5™°*  long,  supports  two  caudal  spines  7 
or  8™™  in  length ;  30  segments  appear  between  the  posterior  edge  of 
the  carapace  and  the  telson;  the  segments  appear  to  have  been 
smooth  and  without  a  spinose  or  crenulated  posterior  margin ;  the  tel- 
son and  caudal  spines  also  appear  to  have  been  smooth  and  without 
ornamentation. 
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IHmetmons, — Total  length,  42™™ ;  length  of  carapace,  21™™ ;  width, 
26™™ ;  length  of  body,  16™™,  exclusive  of  caudal  spines;  width  of  body, 
where  it  passes  beneath  the  carapace,  10™™ ;  at  telson,  4™™. 

The  specific  name  is  given  in  honor  of  Prof.  O.  0.  Marsh. 

Formation  and  locality, — Middle  Oambrian.  Oeorgian  formation* 
Parker's  farm,  town  of  Georgia,  Vt. 
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fFigiir«8  in  heavy-fiftced  type  Indtoate  the  i»age  on  whloh  the  description  is  £iven.1 
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Plate  I. 

Pig.  1.  Obthis  BiLLiNoei 17 

1.  Cast  of  a  Tentral  t  yalve  having  fascionlate  or  bifurcate  oostiB,  en- 

larged to  two  diameters. 

la.  A  small  ventral  valve  donbtfnlly  referred  to  this  speoies,  en- 
larged to  three  diameters. 

id.  Cast  of  a  ventral  valve  with  sharp  radiating  costsB,  enlarged  to 
two  diameters. 

le.  Exterior  surface  of  a  dorsal  t  valve  marked  by  simple  costn 
crossed  by  fine  concentric  undulating  strisBi  enlarged  to  three  di- 
ameters. 

Id.  Interior  cast  of  ventral  f  valve,  enlarged  to  two  diameters. 

Fig.  2.   EOCY8TITE8  PRIMiEVUS 14 

2.  Enlargement  to  four  diameters  of  a  single  plate. 

Pig.  3.  Hartia  Matthewi 19 

3.  Interior  of  shell,  enlarged  to  twelve  diameters. 

Pig.  4.  ACROTHELE  Matthewi 15 

4.  Dorsal  valve,  enlarged  to  two  diameters. 

4a.  Supposed  ventral  valve,  enlarged  to  four  diameters. 

Pig.  5.  Obolella  transversa 16 

5.  Interior  of  ventral  valve,  enlarged  to  eight  diameters. 

5a.  Cast  of  the  interior  of  the  dorsal  valve,  enlarged  to  six  diameters. 

Pig.  6.  PaL^ACMEA  t  ACADICA 19 

6.  View  of  the  type  specimen  of  Disoina  Aoadioa,  Hartt,  enlarged  to 

two  diam^ers. 
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Plate  IL 

Page. 
Pig.  1.  lilCRODISCUS  PUNCTATU8 2i 

ly  la,  b.  Head  shields  showing  variations,  enlarged  to  fonr  diameters, 
lo.  Pygidinm,  enlarged  to  three  diameters. 

Fig.  2.  Agnostus  Acadicus.^ 22 

2a,  Head  shield,  enlarged  to  three  diameters. 
2f  2h,  c.  PygidisB,  enlarged  to  three  diameters. 

Pig3.  MiCRODiscus  Dawsoni 23 

3.  Head  shield,  enlarged  to  three  diameters. 
3a.  Pygidiuni,  enlarged  to  three  diameters. 

Fig.  4.  Htouthbs *. 

4.  Interior  cast  of  opercalam,  enlarged  to  fonr  diameters. 
4a.  Exterior  of  operonlnm,  enlarged  to  four  diameters. 

Fig.  5.  Hyolithes  AcADiCA 20 

5.  Ventral  face,  natural  size.. 

Fig.  6.  Hyolithbs  MiCMAC 21 

6.  Enlargement  to  two  diameters  of  the  type  specimen. 

Fig.  7.  Htolithbs  Danianus 20 

7.  Dorsal  view  of  a  portion  of  the  shell,  enlarged  to  two  diameters. 
7a.  Ventral  side,  enlarged  to  two  diameters. 

7b.  Side  view  to  show  the  caryatore  of  the  shell,  enlarged  to  two 
diameters. 
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Platb  m. 

Fig.  1.  Pabadoxidbs  ETEMiNicns 27 

1.  Variety  auricaidea  (after  Matthew), 
la.  A  fimall  pygidimn  (after  Matthew). 

1^.  Medium  sized  head,  flattened  (after  Matthew). 
,  lo.  Variety  Inreviatus  {after  Matthew). 

Id.  Variety  poniifloalis  (after  Matthew), 
le.  Head  of  a  young  individual  in  the  Hartt  oolleotion  Bhoriened 

by  compression,  enlarged  to  four  diameteiB. 
1/.  Head  of  a  young  individual  showing  wide  frontal  rim,  enlarged 

to  two  diameters  (after  Matthew). 
1^.  Head  showing  narrower  frontal  rim  than  fig.  1/,  enlarged  to 

two  diameters  (after  Matthew). 

Fig.  2.  PaRADOXIBES  LAMMELLATUS «. 25 

2.  2a.  The  two  type  specimens  of  the  species.    2a  is  enlarged  to  two 

diameters. 

Fig.  3.  Paradoxides  Acadicus 25 

3.  A  distorted  specimen  showing  the  pygidium  and  portions  of  the 

thorax  and  head,  enlarged  to  two  diameters. 
3a.  Head;  natural  size. 
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Plate  IV. 


Fig.  1.  CONOCORYPHB  Matthewi 28 

1.  Head  compressed  longitudinally. 

la.  Head  compressed  a  little  laterally,  but  nearly  in  its  normal  form. 

Ih.  Finely  granulose  variety,  enlarged  to  two  diameters. 

Fig.  2.   CONOCORYPHK  ELE6AN8 33 

2f  2b,  Heads,  natural  size. 

2a.  Side  of  head,  with  genal  spine  attached,  enlarged  to  two  diame- 
ters.   This  may  belong  to  C,  Matthewk 

Fig.  3.  CoNOCOBYPHB  (Salteria)  Baileti 32 

3.  Large  head,  enlarged  to  two  diameters. 
3a.  Side  of  head,  with  genal  spine  attached. 
See  plate  t,  figs  7,  7a. 
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Plate  V. 

Fig.  1.  Pttchoparia  quadrata 39 

1.  Type  speoimen,  enlarged  to  two  diameteiB. 

Fig.  2.  Pttchoparia  Orbstes  var.  Thbrsitbs 40 

2.  Type  of  Conootphalitet  TKergiiea,  Hartt,  enlaiged  to  two  diameteiB. 

Fig.  3.  Pttohoparia  Orsbtes 39 

3.  Type  of  CkmooepKalitea  HalU,  Hartt. 
3a.  Type  of  C.  Oregtes. 

Fig.  4.  Pttchoparia  Ouamgondiana 37 

4.  A  epecimen  with  the  frontal  fdirow  nearly  obsolete,  enlarged 

to  three  diameteze. 

4a.  Free  cheek  associated  with  the  head  of  this  species. 

ih.  Distorted  specimen  referred  to  this  species  as  a  variety  by  Mr. 
Hartt. 

4o.  A  yonng  head  preserving  its  natural  convexity  and  oatline,  en- 
larged to  three  diameters. 

4d,  4f.  Two  examples  showing  variation  in  form,  enlarged  to  two 
diameters. 

40.  Type  of  the  species  a  little  distorted  by  lateral  compression,  en- 
larged to  two  diameters. 

Fig.  5.  Pttchoparia  Ouangondiana  var.  Aurora 38 

5.  Type  of  ConocephaliteB  Aurora,  Hartt,  enlarged  to  two  diameters. 

Fig.  6.  Pttchoparia  tbnsr 41 

6.  6(.  Types  of  the  species,  enlarged  to  two  diameters. 

6a.  Type  of  dmaoephaliUi  negUotui,  Hartt,  enlarged  to  two  diame- 
ters. 

Fig.  7.  COKOCORTPHB  (Saltbria)  Bailbti 32 

7.  Pygidiom. 

7a.  Portion  of  the  thorax,  enlarged  to  two  diameters. 
See  plate  iv,  figs.  3,  3a. 

Fig.  8.  LiNOCLA  f  Dawsoni 15 

8.  Ventral  valve,  enlarged  to  four  diameters. 
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Plate  VL 

Fig.  1.  PnrOHOPABIA  BOBBI S6 

1.  Type  of  the  speoieBi  enlarged  to  two  diameten. 

la.  Type  of  ConaoephaUtea  formoam  Hartt,  enlarged  to  two  diame- 
ters. 

Fig.  2.  PtYCHOPARIA  (CbBPICEPHALUB)  lOWXNSIS 96 

2.  Head  ezolnslTe  of  the  free  cheeks. 
2a.  Pygidinm. 

Fig.  3.  SOLBNOPLBUBA  HOLBMATOPA '  98 

3.  Type  of  the  genus  (after  Angelin). 

Fig.  4.  PTTCHOPARIA  8TRIATU8 

4.  Type  of  the  genus.    Figure  taken  from  Barrande. 

Fig^.   LIOBTRA.OUB  ACULEATUS 

5.  Type  of  the  genus  (after  Angelin). 

Fig.  6.  PTTCHOPARIA  Hagubi 36 

6.  Typical  form  of  the  genus  Crephicephalus  of  Hall  and  Whitfield. 

Fig.  7.  PTTCHOPARIA  EmMRICHI 

7.  Second  type  of  the  genus  Ptyclioparia^  Corda.    Figure  oopied 

from  Barrande. 
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Plate  VII. 

Fig.  1.  AOBAULOS  QUADRANGULARIS 48 

1.  Head  exclnslye  of  the  free  cheeks.    Nataial  size.    CoUeotion  of 

Prof.  N.  8.  Shaler. 

Fig.  2.  PtTCHOPARIA  ROGEBSI 47 

2.  View  of  type  specimen.    Natural  size.    Collection  of  Prof.  N.  8. 

Shaler.  , 

Fig.  3.  Paradoxides  Haklani 45 

3.  Large  free  cheek  flattened  by  compression,    dollection  of  Boston 

Society  Natural  History. 

Fig.  4.  Htoltthes  Shalbri 44 

4.  4a,  45.  Dorsal,  ventral,  and  lateral,  ylews.    Natural  sise. 
4c  Transverse  section.    Collection  of  Prof  N.  8.  Shaler. 
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Fig.  1.  Pabadozidbs  Hablaih 45 

1,  la.  Two  mediom-fidzed  heads,  showing  variations  in  the  frontal 

border.    Natural  size.    Collection  of  Mosenm  Comparatiye 

Zoology,  Cambridge, 
lb,  lo.  Broad  and  elongate  form  of  the  pygidinm. 
14.  View  of  the  four  posterior  thoracic  segments  and  pygidium ;  the 

latter  is  crowded  np  beneath  the  segments.    Collection  of 

Prof:  N.  8.  Shaler. 
Is.  Large  hypostoma  attached  to  the  frontal  donblnre  of  the  head. 

Collection  of  Fro£  K.  S.  Shaler. 
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Plate  IX. 

Fig.  1.  Pabadozidbs  HABLAm 45 

!•  A  large  indiyidiial  preserving  the  body  and  jMffto  of  the  head. 
The  light  colored  portionB  are  restored  and  the  pygidinm, 
which  is  pushed  a  little  oat  of  position,  replaoed.    The  speci- 
men is  from  the  collection  of  the  Boston  Booiety  of  Natural 
History. 
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Plate  X. 

Pig.  1.  Protocabib  Mabshi 50 

1.  View  of  the  type  specimen  as  it  occurs  flattened  ont  on  the  shale. 
The  body  rings  are  more  obscured  in  the  anterior  ]>ortion  of 
the  body  than  as  represented  in  the  figure.  Enlarged  to  two 
diameters. 
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INTRODUCTORY   SKETCH   OF   THE   QUATERNARY 

LAKES  OF  THE  GREAT  BASIN. 


By  G.  K.  Gilbert. 


Tho  biologic  investigation  reported  in  this  balletin  grew  out  of  an  in- 
quiry into  the  physical  history  of  the  Great  Basin  during  the  Qnater- 
nary.  It  will  be  introduced  by  a  brief  account  of  that  inquiry,  with 
especial  reference  to  a  climatic  problem  which  it  was  hoped  the  biologic 
investigation  wonld^tid  in  solving. 

Duriug  at  least  a  portion  of  the  Quaternary  the  desert  valleys  of  the 
Great  Basin  contained  a  system  of  lakes,  in  comparison  with  which  the 
existing  lakes  of  the  same  region  are  insignificant.  These  were  inciden- 
tally studied  by  the  geologists  of  the  surveys  directed  by  Mr.  Olarence 
King,  Gapt  George  M.  Wheeler,  and  Maj.  J.  W.  Powell,  and  the  out- 
lines of  the  largest  lakes  were  approximately  determined.  The  present 
(Geological  Survey  has  made  them  the  subject  of  an  independent  inves- 
tigation, to  the  prosecution  of  which  a  corps  of  geologists  was  assigned. 

The  following  facts  have  been  ascertained :  In  the  northern  portion 
of  the  Great  Basin  there  were  two  large  water  bodies ;  the  one.  Lake 
Bonneville,  covering  the  Great  'Salt  Lake  and  Sevier  deserts,  in  west- 
em  Utah ;  the  other.  Lake  Lahontan,  occupying  a  group  of  communi- 
catiug  valleys  in  western  Nevada.  Of  smaller  lakes,  twenty-five  have 
been  explored,  and  it  is  probable  that  a  still  larger  number  remain  to 
be  examined.  Previous  to  the  epoch  of  Lake  Bonneville  its  basin  ap- 
pears to  have  been  arid,  and  the  lake  history  was  interrupted  by  an 
interval  during  which  the  water  was  greatly  diminished,  or  may  even 
have  completely  disappeared.  There  were,  therefore,  two  floods,  and 
corresponding  to  these  there  were  two  series  of  lacustrine  deposits, 
separated  by  a  zone  of  unconformity.  The  lower  Bonneville  beds  are 
thicker  than  the  upper,  whence  it  is  believed  that  the  earlier  flood  was 
of  longer  duration  than  the  later.  There  was  a  parallel  series  of  events 
in  the  Lahontan  Basin.  The  water  rose  and  fell  twice,  and  the  beds 
deposited  duriug  the  first  rise  form  a  thicker  series  than  those  deposited 
during  the  second. 

This  correspondence  serves  to  coufirm,  and,  indeed,  practically  to 

establish,  the  postulate  early  entertained  that  the  fluctuations  of  these 

and  other  lakes  of  the  region  were  not  merely  synchronous  but  were  due 

to  some  general  cause. 
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It  has  been  farther  postulated  that  the  general  cause  was  climatic, 
And  still  further  that  it  was  identical  with  the  cause  of  the  glacial 
epoch,  whatever  that  may  have  been.  Such  speculation  of  course  im- 
plies the  fact  of  a  glacial  epoch,  and  that  fact  is  not  universally  admitted. 
Nevertheless,  the  great  majority  of  those  who  have  studied  the  vestiges 
of  ancient  glaciers  believe  them  to  have  been  contemporaneous  in  differ- 
ent countries,  and  refer  them  to  some  cause  of  a  very  general  nature. 

It  is  held,  moreover,  by  numerous  glacialists  that  the  epoch  of  ice 
extension  was  bipartite,  the  interval  being  characterized  by  conditions 
comparable  with  those  which  now  exist;  and  if  this  view  is  well  sus- 
tained, then  the  bipartite  nature  of  the  lacustrine  histories  goes  far 
toward  establishing  the  postulate  which  connects  them  with  the  glacial 
epoch. 

With  regard  to  the  general  nature  of  the  glacial  climate  there  is  not 
a  consensus  of  opinion.  It  is  indeed  held  by  the  majority  of  investiga- 
tors that  the  whole  earth,  or  at  least  the  zones  including  the  glaciated 
areas,  were  then  colder  than  now,  but  there  is  a^ponsiderable  body  of 
able  geologists  who  maintain  the  contrary,  arguing  that  an  extension 
of  glaciers  is  rather  indicative  of  a  general  amelioration  of  climate.  It 
is  believed  that  the  study  of  the  lakes  of  the  Great  Basin  should  throw 
light  upon  this  problem,  and  one  of  the  ways  in  which  it  might  be  sup- 
posed to  contribute  to  the  subject  is  through  a  consideration  of  the 
faunas  of  the  ancient  lakes.  If  these  indicate  a  lower  temperature  than 
now  obtains,  the  view  of  the  majority  is  to  that  extent  sustained ;  if 
they  indicate  a  higher  temperature  the  view  of  the  minority  is  favored. 

With  these  problems  in  mind,  the  fossil  shells  gathered  from  the 
Bonneville  and  Lahontan  strata  were  placed  in  the  hands  of  Mr.  Gall, 
and  he  was  requested  to  compare  them^ith  existing  forms,  with  a  view 
to  ascertaining  whether  their  differences  were  susceptible  of  climatic  in- 
terpretation. Finding  the  material  too  meager  for  the  purpose,  he  after- 
ward visited  the  region  and  sx>ent  several  weeks  in  the  collection  of 
fossil  and  recent  shells.  How  successful  has  been  his  quest,  the  reader 
may  judge  from  the  facts  and  inferences  set  forth  in  his  report.  Their 
discussion  from  a  geologic  point  of  view  would  here  be  out  of  place, 
but  their  application  will  soon  be  made  by  Mr.  1. 0.  Kusselland  by  the 
present  writer,  who  have  in  preparation  monographs  on  Lake  Lahon- 
ton  and  Lake  Bonneville. 

Before  closing,  it  is  proper  to  explain  two  special  elements  of  the 
lacustrine  histories  to  which  Mr.  Gall  alludes  in  his  report. 

The  first  of  these  is  embodied  in  the  terms  <<  post-Bonneville,''  ^'post- 
Lahontan,"  and  <^  semi-fossil."  Besides  the  shells  discovered  living  in 
existing  waters  and  the  shells  entombed  in  the  Quaternary  strata,  there 
are  also  great  numbers  which  lie  dead  and  bleached  on  the  surface  of 
the  desert  at  considerable  distances  from  streams  or  bodies  of  water. 
These  shells  doubtless  lived  in  the  ancient  lakes  after  their  desiccation 
had  commenced,  and  before  their  areas  had  been  so  greatly  diminished 
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as  we  now  find  them.  Presumably  tliey  represeut  climatic  coiHlitious 
not  greatly  removed  from  those  of  modern  times,  but  they  neverlbeless 
occur  at  stations  which  are  now  absolately  destitute  of  the  condJUoDS 
essential  to  their  growth.  It  is  to  shells  of  such  occarrence  that  the 
above-qDoted  terms  are  applied. 

The  second  special  factor  of  the  lacustrine  history  is  embodied  in  the 
tofo  deposits  of  the  Lahontau  area.  These  have  been  critically  studied 
by  Mr.  Bossell,  who  recognizes  three  varieties  superimposed  in  theman- 


Fia.  1— DlBgrkiD  ■howing  ■nperpntitign  at  latu. 

ner  indicated  by  the  diagram.  The  extreme  height  attained  by  tlie 
Lahontan  waters  daiing  their  first  rise  was  500  feet  above  the  level  of 
Pyramid  Lake.  Up  to  this  height  are  found  deposit^  of  "  lithoid  "  tuia. 
Over  the  "  lithoid  "  tufa  is  deposited  a  distinct  variety  named  "  thiuo- 
lite,'^  but  this  reaches  only  one  hundred  feet  above  the  surface  of  Pyra 
mid  Lake.  It  rests  uncouformably  upon  eroded  surfaces  of  the  litlioid 
tafo,and  is  chronologically  separated  from  it  by  an  epoch  during  which 
the  water  fell  to  a  lower  plane  than  that  marked  by  Pyramid  Lake. 
The  tbinolite  tufa  therefore  belongs  to  the  second  Lahontan  epoch  and 
is  synchronous  with  a  portion  of  the  Upper  Lahontan  beds.  After  its 
formation  the  water  rose  to  its  highest  level,  530  feet  above  Pyramid 
Lake,  or  30  feet  higher  than  the  first  great  rise.  During  this  second  high 
stage  a  thiid  variety  of  tufa  was  deposited,  the  "  dendritic,"  but  it  foiled 
to  attaiu  the  height  of  the  lithoid.  Its  upper  limit  is  320  feet  above 
Pyramid  Lake.  Up  to  the  100-foot  contour  it  reste  upon  the  tbinolite 
tafik.  Higher  ap  it  is  found  in  coataot  with  lithoid  tofa.  Lake  Lahon- 
tan had  uo  outlet;  and  it  is  assumed  that  the  salinity  of  its  water  varied' 
with  expansion  and  contraction  jast  as  that  of  Great  Salt  Lake  is  now 
known  to  vary.  During  the  lithoid  and  d^dritio  epochs  it  was  pn<- 
snmably  a  weaker  solntion  than  during  the  tbinolite. 

The  reader  who  cares  to  inform  himself  more  fully  in  regard  to  the 
history  of  these  Quaternary  lakes  can  do  so  by  consulting  the  following. 
literature: 

U.  S.  Geographical  Surveys  West  of  the  100th  Meridian.  Vol.  lU . 
(3C6) 
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Geology.  Part  I.  Report  upon  the  Geology  of  portious  of  Nevada,  TJtab, 
California,  and  Arizona,  examined  in  the  years  1871  and  1872.  By  G. 
K.  Gilbert.  Pp.  88-104.— Part  III.  Geology  of  portions  of  Utah,  Ne- 
vada, Arizona,  and  New  Mexico,  explored  and  surveyed  in  1872  and 
1873.    By  E.  B.  Howell.    Pp.  249-251. 

U.  S.  Geological  Exploration  of  the  Fortieth  Parallel.  VoL  L  Sys- 
tematic Geology.    By  Clarence  King.    Pp.  488-525. 

IJ.  S.  Geological  Snrvey.  Second  Annual  Beport.  Contributions  to 
the  History  of  Lake  Bonneville.    By  G.  K.  GUbert.    Pp.  169-200. 

TJ.  S.  Geological  Survey.  Third  Annual  Beport.  Sketch  of  the  Geo- 
logical History  of  Lake  Lahontan ;  a  Quaternary  lake  of  northwestern 
Nevada.    By  Israel  C.  Eussell.    Pp.  189-235. 

TJ.  S.  Geological  Survey.  Fourth  Annual  Beport  A  Geological  Be- 
connaissance  in  Southern  Oregon.    By  Sirael  C.  BusselL    Pp.  4S5-462. 
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ON  THE  QUATERNARY  AND  RECENT  MOLLUSCA  OF  THE  GREAT 
BASIN,  WITH  DESCRIPTIONS  OF  NEW  FORMS. 


By  B.  Ellsworth  ^all. 


OHAPTEEI. 

STSTBMATIC  CATAIiOGUE  OF  QXJATBBNABT  AKBBEOENT 

SHEIiliS  OF  THE  GBEAT  BASEN'. 

The  material  herein  reported  upon  was  derived  in  part  from  collec- 
tions made  by  the  Great  Basin  Division  of  the  United  States  Geolog- 
ical Snrvey  and  in  part  from  personal  collections  made  under  the  aa- 
spices  of  the  same  organization.  The  material  comes  from  namerous 
and  widely  separated  localities,  and  is  fairly  representative  of  all  the 
beds  of  ancient  Lakes  Lahontan  and  Bonneville.  The  first-named  area 
iamishes  the  greater  body  of  material,  and  also  exhibits  the  more  di- 
verse fauna. 

The  later  beds  present  three  identical  forms  in  common — Fluminioola 
fusca  Hald.,  Helisoma  tHvolvis  Say,  and  Idmnophysa  palustris  MtLller — 
no  one  of  which  is  characteristic  of  either  area.  These  identical  forms 
represent  two  distinct  families  of  gasteropods,  the  first  named  belong- 
ing to  the  Rissaidasj  the  others  to  the  LimncHcUe.  Each  of  these  great 
families  is  represented  by  the  characteristic  species  of  each  series  of 
lacustrine  beds,  the  LimnaHdw  being  alone  characteristically  represented 
in  the  Lahontan  beds,  and  the  RiasaidcB  alone  characteristically  repre- 
sented in  the  Bonneville  beds. 

The  field  treated  in  this  paper  is  entirely  new,  and  the  methods 
adopted  are  also  new.  The  results  have  been  put  into  the  form  of 
tables  of  measurements,  and  these  tables  have  been  used  as  the  basis 
of  graphic  representation. 

The  facies  of  the  shells  studied  in  a  measure  correspond  with  dif- 
ferences in  size.  That  is  to  say,  the  weight,  sculpture,  and  other  taxo- 
nomic  features  were  found  to  vary  in  almost  or  quite  as  marked  a  degree 
as  the  size. 
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The  material  upon  which  the  incJiideil  discussion  is  based  is  exhibited 
in  the  following  catalogue* : 


LAMELLIBRANCHIATA. 

UNIONID^. 
Genus  Mabgabitana. 

Margailtana  margarltifiBra  Linn. 

This  spidcies  is  cfrcumpolar.  It  appears  over  a  considerable  area  of 
the  northeastern  United  States,  Kova  Scotia,  New  Brunswick,  New- 
foundland, and  Quebec.  Its^westem  limit  in  this  area  is  Central  Penn- 
sylvania. It  reappears  in  the  headwaters  of  the  Missouri  River,  and 
thence  over  all  of  the  western  United  States,  south  to  Arizona  and 
north  to  British  Columbia.  It  is  somewhat  common  in  streams  near 
Salt  Lake  City,  Utah,  and  occurs  rarely  at  Elko,  Nov.,  in  the  Hum- 
boldt Biver.  It  is  far  smaller  throughout  its  western  range  than  are  its 
eastern  congeners.  It  has  been  found  fossil  at  one  locality  only  in  the 
Lahontan  area,  in  the  Walker  Biver  Canon,  Nevada.  Within  the  Bon- 
neville area  it  is  semifossiP,  or  post-Bonneville,  at  numerous  localities 
and  notably  in  Sevier  Desert. 

Genus  Anodonta. 

Anodonta  nuttaUiana  Lea.    Observationa  on  U»iOf  Vol.  II,  77  (1838).    TranaaotioDR 

Am.  Phil.  Soc,  Vol.  VI,  PI.  20,  Fig.  62(18.38). 
Anodania  wahlameierms  Lea.    Trans.  Am.  Phil.  Soc,  Vol.  VI,  PI.  20,  Fig.  (A 

(1838).    Obs.  on  Unio,  Vol.  II,  78  (1838). 
Anodonta  oregonenns  L<^a.   Trans.  Am.  Phil.  Soc,  Vol.  VI,  PL  21,  Fig.  67  (1883). 
Anodonta  cal^fomiensis  Lea.Traus.  Am.  PUil.  So&.,  Vol.  X,  PI.  25,  Fig.  47.    (Km. 

on  Unto,  Vol.  V,  42  (1852). 
Vide  also,*  Stearns,  ''On  the  History  and  Distribution  of  the  Frosh  Water 

Mussels  and  the  Identity  of  certain  alleged  species."    Proc.  Cal.  Acad. 

8ci.,  Nov.  20,  (1^82),  p.  4  ft  aeq.     In  ihis  paper  a  vast  array  of  facts  is 

brought  out,  together  with  the  necessary  data  to  rendei*  tho  synonymy 

as  here  given  absolutely  certain. 

The  synonymy  here  indicated  is  based  uik)u  extensive  saites  from 
varions  localities  on  the  Pacific  slope  and  in  the  Great  Basin.  In  its 
varions  forms  the  species  has  a  wide  distribntion  through  California, 
Idaho,  Oregon,  Wasbington  Territory,  British  Columbia,  Vancouver's 
Island,  Nevada,  and  Utali.  Specimens  were  dredged  in  Utah  Lake  Ui 
August  1883.  In  the  Lahontan  area  it  is  especially  abundant  in  tho 
Humboldt  River,  and  found  sparingly  in  the  Trnckee  Kiver,  Nevadii. 

*The  bibliographic  references  given  in  connection  with  this  catalogue  are  such 
only  as  are  easily  accessible ;  no  attenijit  has  been  made  to  famish  a  complete  bibli- 
ography. 

>The  special  use  of  this  t«rm  is  explained  on  page  10,  ante. 
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It  is  fouud  fo88il  in  middle  Lahontan  beds  at  Mill  City,  TSev.y  and  post- 
Lahontan  beds  on  the  desert  east  of  Carson  Lake.  In  the  Bonneville 
acea  it  has  not  yet  been  discovered  in  Bonneville  beds,  bat  abundant 
post-Bonneville  fossiU  occur  on  Sevier  Desert.  It  is  somewhat  com- 
mon in  fresh- water  streams  near  Salt  Lake  Oity. 

# 

COBBIOULID^. 
Genus  Sphjbbium. 

Bpheerinm  Btriatinum  Lam. 

Cydas  tiriaHfia  Lam.    Animaux  sans  Vert^bres,  Vol.  Vj  p.  660,  (1S18). 
Sphtprium  atriaiinwn  Lam.    Smithsonian  Miso.  Coll.  No.  145,  p.  37,  Fig.  29 

(1865). 

Widely  distributed  in  the  United  States  and  Oanftda.  Found  fossil 
only  at  Rye  Patch,  Nev.,  in  Upper  Lahontan  beds. 

Spheerium  deutatnm  Hald. 

Cyclas  dentatum  HaUl  (Prime),  Smitbsonian  Miso.  CoU.  Ko.  145,  p.  40,  Fig,  32 

(1865). 

This  species  was  originally  described  from  Oregon,  and  has  a  some- 
what limited  distribution.  In  the  Lahontan  area  it  occurs  in  Humboldt 
Biver,  at  Elko,  and  fossil  in  Upper  Lahontan  beds  at  Bye  I^tch,  Ne- 
vada. It  is  a  very  abundant  species  in  Utah  Lake,  where  it  attains  a 
great  size.  Foand  as  a  post  Bonneville  semi-fossil  in  great  abundance 
upon  the  sarface  of  Sevier  Desert;  occurs  also  in  dredgings  from  Great 
Salt  Lake,  near  the  mouth  of  the  Jordan  Biver,  whence  it  was  doubt- 
less drifted  or  floated. 

Genus  Pisidium. 

PlBidlmn  oltramontanmn  Prime.    Smitlisonian  Miso.  CoU.  No.  145,  p.  75,  Fig.  85 
XAppendix)  (1865). 

This  species  is  rare  and  restricted  in  distribution.  The  original  speci- 
mens came  from  California  and  Oregon.  Found  semi-fossil  near  But- 
ton's Banch,  Christmas  Lakes,  Oregon.  As  a  fossil  it  occurs  (a)  in 
estnary  of  highest  Lahontan  two  miles  southeast  of  Brown's,  Nov.; 
(b)  section  on  west  side  of  Truckee  Biver,  below  Beservation  Bridge; 
and  (o)  in  Upper  Lahontan  beds  at  Bye  Patch,  Nevada. 

Pisidium  compressum  Prime.    Proc.  Host.  Soo.  Nat.  Hist.,  Vol.  IV,  164  (1851). 
Smithsooiau  Mjkc.  Coll.  No.  145,  p.  64,  Fig.  67  (1865). 

This  species  is  very  widely  distributed,  ranging  from  New  England 
to  California,  and  north  into  Canada.  It  is  everywhere  rare.  In  La- 
hontan beds  it  has  been  found  at  the  base  of  the  bone-beds  on  the 
south  siilr  of  Wiilkrr  Hivcr  Cailon,  Nevada,  below  the  Narrows.  It  is 
there  Lower  Lahontan.  Three  specimens,  living,  were  dredged  in  Au- 
gust, 1883,  in  Utah  Lake. 
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Pfotdlnm  abditnm  HEdd.  Proo.  Acad.  Nat.  Soi.  PhU.,  Vol.  I,  p.  53  (1841).  Smith- 
sonian Miso.  Coll.  No.  145,  p.  68,  Fig.  72  (1865). 

Twenty-seven  different  specific  names  are  listed  in  the  extensive 
synonymy  credited  to  this  form  by  Prime  in  hier  monograph.  Its  dis- 
tribntiion  is  so  wide  and  the  local  conditions  to  which  it  is  subjected  are 
so  various  that  its  extensive  synonymy  is  not  remarkable.  It  has  been 
found,  living,  in  the  Bonneville  area,  at  only  one  locality — Oity  Greek, 
near  Salt  Lake  Oity,  Utah. 

GASTEROPODA. 

LIMN^ID^. 
Genus  Helisoma. 

Heiiioma  tzlvolvls  Say. 

Planorbis  trivolvia  Say.    Nicholson's  Enoyo.,  PI.  11,  Fig.  2  (1817-16-19).    Am. 

Conch.,  Pt.  VI,  PL  LIV,  Fig.  2  (1834). 
Heli8oma  trivolvis  Say.    Smithsonian  Miso.  CoU.  No.  143,  pp.  115-121,  Figs. 

194-201  (1865). 

This  species  is  the  most  widely  distributed  form  of  the  genus  in  North 
America,'^nd  is  correspondingly  variable.  In  the  Lahontan  area  it  is 
found  fossil  only  at  Kye  Patch,  Kev.,  in  Upper  Lahontan  beds,  and 
semi-fossil  near  Button's  Banch,  Christmas  Lake,  Oregon.  Living  ex- 
amples are  very  abundant  at  many  localities,  esi>ecially  near  Wads- 
worth,  Nevada.  In  the  Bonneville  area  it  is  less  abundant,  living.  It 
has  been  found  in  Upper  Bonneville  beds,  near  Salt  Spring  Greek,  and 
as  a  post-Bonneville  fossil,  on  the  surface  of  the  Sevier  Desert. 

Beliaoma  ammon  Gonld.  Proc.  Bost.  Soc.  Nat.  Hist.,  Vol.  V,  129  (1866).  Pacific 
Railroad  Reports,  Vol  V,  331,  PL  XI,  Figs.  12-18  (1857).  Smithaonian 
Misc.  Coll.  No.  143,  p.  112,  Fig.  187  (1865). 

Bestricted  in  distribution  to  portions  of  California,  Oregon,  and  Ne- 
vada. No  specimeus  have  been  found  in  Lahontan  beds,  but  it  is 
abundant  as  a  semi  fossil  on  the  surface  of  Humboldt  Lake  Basin  near 
White  Plains. 

Genus  Gyraultjs. 

G^yranliis  parvus  Say. 

Planarhia  parvus  Say.    Nicholson's  EDcyc,  PI.  I,  Fig.  5  (1817,  1818,  1819). 
GyraulM  parvus  Say.    Smithsonian  Misc.  Coll.  No.  143,  p.  139,  Figs.  219-221 
(1865). 

Generally  distributed  east  of  the  Sierra.  Found  in  Middle  Lahontan 
beds  at  Mill  City,  and  in  Upper  Lahontan  beds  at  Bye  Patch,  Kevada. 
In  the  Bonneville  Basin  it  has  been  found  only  at  one  locality — ^living 
in  a  small  pond  at  Fort  Douglas,  nes^r  Salt  Lake  City. 
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-Oyranlus  ▼ennloulaxiB  Gould.  • 

Planorbii  vermiculuria  Gould.    Proo.  Boat.  Soo.  Nat.  Hiet.,  Vol.  II,  212  (1847). 
Gyraulus  vermicularia  Gould.    Bmithsonian  Miso.  ColL  Na  134, 128,  fig.  214 
(1865). 

The  distribation  of  this  form  is  limited  similarly  with  Helisoma  am- 

mauj  namely,  to  portions  of  Oalifornia,  Nevada^  and  Oregon.    The  shells 

submitted  are  from  Button's  Ranch,  Ghristmaa  Lakes,  Oregon,  and  are 

semi-fossil. 

Genus  Menetus. 

Meii0tii8  operoulazlB  Gould. 

Planorhis  operoularis  Gould.    Proc.  Bost.  Soc.  Nat.  Hist.,  Vol.  n,  p.  212(1847). 
Mmetua  apercularii  Gould.    Bmithsonian  Miso.  CoU.  No.  143, 125,  Figs.  208-209 

(18(55). 

Distribution  similar  to  the  last,  with  the  addition  of  Utah.  In  the 
Lahontan  area  found  (a)  in  Upper  Lahontan  lake  beds,  above  tufa.  Bye 
Patch,  Nevada,  and  {b)  in  an  estuary  of  the  highest  Lahontan  beach, 
two  miles  southeast  of  Brown's,  Nevada,  of  the  same  age.  In  the 
Bonneville  area  it  is  not  found  fossil,  but  is  living  in  abundance  in 
Warm  Spring  Lake,  near  Salt  Lake  City. 

Genus  Ljxnma^ 

Limnaea  stagnalla  Linn. 

This  form,  a  true  Limnasaj  is  circumpolar  in  distribution,  and  ranges 
to  high  latitudes.  It  formed  the  subject  of  numerous  experiments,  alluded 
to  below,  made  by  Semper  with  reference  to  its  powers  of  endurance  of 
cold  and  other  unusual  conditions.  Bare  specimens  were  found  semi- 
fossil  in  the  Humboldt  sink  in  the  Lahontan  area.  It  abounds,  as  a  semi- 
fossil,  in  Sevier  Desert,  and  numerous  living  examples  occur  near  Salt 
Lake  Oity,  and  in  Utah  Lake  at  American  Fork,  in  the  Bonneville  Basin* 

Genus  Limnophysa. 

liimnophyBa  palnstria  Mtiller. 

Helix  paluatrU  Miiller.    Teste  Rackett,  Trans.  Linn.  Soo.,  Vol.  XTTT,  42  (1822). 
lAmnophj/Ba  paluMtrU  MtlU.    Smithsonian  Miss.  Coll.  No.  143,  p.  44,  Figs.  60- 
66  (1865). 

This  form  is  circumboreal,  and  consequently  exhibits  many  varieties. 
It  is  an  abundant  post-Lahontan  fossil,  and  ranges  downward  to  Up- 
X>er  Lahontan,  in  estuary  of  highest  Lahontan  beach,  near  Brown's, 
JNfevada ;  and  to  Middle  Lahontan  in  the  medial  stratified  gravels  of 
Mill  Oity,  Nevad^.  It  is  abundantly  distributed,  living  and  semi-fossil, 
throughout  the  Bonneville  area,  and  is  found  fossil  in  Upper  Bonne- 
ville beds,  near  Salt  Spring  Creek,  Utah.  It  is  very  common  and  un- 
nsually  large  on  the  surface  of  Sevier  Desert. 

Zaliimophysa  BomaMi  Baird.    Proo.  Zo51.  Soo.  London,  p.  6R,  1863.    Smithsonian 
Misc.  Coll.  No.  143,  p.  43,  Fi^s.  56-68  (1865). 

The  distribution  of  this  form  is  restricted  to  the  northwestern  United 
States,  and  southwestern  British  America.    It  is  doubtful  whether  it 
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should  be  separated  specifically  firom  X.  paluetris  Mtlll.,  witii  whiA  it 
presents  common  taxonomic  features.  It  is  found  fossil  in  Upper  La- 
hontan  beds  at  Brown's  Station,  Nevada.  It  is  rare  in  the  Bonneville 
area  and  fossil  only  at  Matlin  Pass,  in  Upper  Bonneville  beds,  above 
the  intermediate  beach. 

I4niii9pliy«a  taUmoMM  liaa.    Proo.  Am.  PhiL  Soo.,  VoL  U,  33  (1841).    SmithaoiOMi 
Mi80.  CoU.  No.  143,  61,  Fig.  96  (1865). 

This  species  is  very  restricted  in  distribution,  being  found  only  in  parts 
of  California,  Nevada,  Oregon,  and  Washington  Territory,  and  doubt* 
fiiUy  credited  to  Idaho.  Found  fossil  in  Alkali  Valley,  in  sand  just  be- 
low Lalumtan  beds,  and  semi«fo8sil  at  Button's  Baneh,  Ohristmas  Lakes^ 
Oregon. 

IiimnophyMi  bonnevUlMudB  CaU. 

The  description  of  this  form  is  given  below.  "So  living  representa- 
tives are  known.  It  occurs  in  Upper  Bonneville  beds,  being  abundant  at 
Kelton,  and  common  in  Fish  Spring  Yalley  and  near  Willow  Springs^ 
Utah. 

LixnnophyM  homills  Say.    Jonr.  Aoad.  Nat.  8oi.  Fhila.,  Vol.  n,  378  (1822).     Smith- 
sonian MiBO.  CoU.  No.  143,  p.  63,  Figs.  99-109  (1865). 

This,  another  protean  limneeid,  to  which  numerous  specific  names  have 
been  applied,  ranges  through  all  the  eastern  United  States  and  west  to 
Nevada,  though  not  yet  discovered  within  the  Bonneville  Basin.  It  is 
found  fossil  in  Upper  Lahontan  beds  at  Bye  Patch,  JSTevada. 

Genus  Physa. 

McfM  gyrlna  Say.    Joor.  A««d.  Nat.  Soi.  Phila.,  Vol.  U,  171  (1821).    BmithaoiiiaB 
Miso.  CoU.  No.  143,  p.  77,  Figs.  130-132  (1865). 
PhyBa  eU^iiea  Lea.    Trans.  Am.  Phil.  Soc.,  Vol.  Y,  115,  PI.  XIX,  Fig.  83  (1837). 

This  variety  (T)  of  Phy9a  heterostropha  Say  has  not  been  found  west 
of  this  area,  where  it  is  common.  As  a  fossil  it  occurs  only  in  Upper 
Bonneville  beds,  near  Salt  Spring  Greek,  Utah.  Thevariety,  to  which 
Mr.  Lea  gave  the  name  of  elliptica^  is  found  abundantly  and  of  large  size 
in  Warm  Spring  Lake,  near  Salt  Lake  City.  The  range  of  the  spedes 
is  great,  extending  firom  this  area  eastward  to  Maine. 

Phyoa  iMfepEOStiopha  Say. 

UmtuM  UteroBinjpha  Say.    Nioh.  Enojc,  PI.  I,  Fig.  6  (1817-1818-1819). 
Pkyta  h^Uroatropku  Say.    Smithsonian  Miso.  ColL  No.  143,  Figs.  144-168  (1866). 

ThiB,  one  of  the  earliest  described  Physa  of  the  United  States,  pre- 
sents  the  greatest  geographical  range,  and  furnishes  correspondingly 
numerous  varieties.  These  varieties  have  been  identified  with  the  typi- 
cal form  to  the  number  of  thirteen,  and  there  is  evidence  that  a  careful 
study  will  sensibly  increase  the  synonymy.  The  species  has  not  been 
found  in  the  lake  beds  of  either  basin,  but  exists  in  some  abundanoe 
as  a  semi-fossil  on  the  surface  of  Sevier  Desert. 
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Fhysa  lordl,  Baird.    Proo.  Zool.  800!  London,  p.  66  (1863).    Smithaonlan  Bfiso.  Coll. 
No.  143,  p.  76,  Figs.  125-127  (1865). 

.  This  form  is  rare  as  a  fossil,  aud  has  yet  to  be  disoovaiied  living  in  the 
Bonneville  Basin.-  A  few  examples  have  been  found  upon  the  sorfiDu^e 
of  the  Sevier  Desert.  The  spedes  is  widely  distribated  in  British 
America  and  in  the  northern  United  States,  from  Michigan  westward. 

Fhysa  ampnllaoea  Gould. 

Tli^wk  JmiUAQ,  Gould.  Pioc.  Bost,  Soc.  Nut.  Hist.,  VoL  V,  128  (1855).  Name 
preoccupied  and  changed  by  author  in  \\%,  to  Fhyta  ampullaoea, 

Pkjfea  ampulUioM  Gould.  Smithsonian  Miao.  CoU.  No.  143,  p.  79,  Figs.  134, 
135  (1865). 

While  no  specimens  of  this  form  are  known  in  the  Lahontan  area, 

specimens  have  been  used  in  the  included  discossion  from  oontignoas 

localities  in  the  Mono  Basin,  Oalifomia.    In  the  BonneviUe  area  the 

species  is  a  common  odc,  living ;  this  area  also  marks  its  most  eastern* 

toiown  limit  of  distribation.  * 

Fhyaa  homeroaa,  Gtould. 

Proc.  Boat.  Soc.  Nat.  Hist.,  Vol.  V,  128  (1855).    Smithsonian  Misc.  CoU.  No. 
143,  92,  Fig.  157  (1865). 

Oolorado  Desert,  north  to  Pyramid  Lake,  in  which  it  is  living.  Form- 
erly abuDdant,  judging  from  the  thousands  of  semi-fossils  on  the  aur- 
face  of  the  desert.    Ejiown.  livingi  only  as  above. 

Oenns  Badix. 

Radix  ampla  var.  utahensiB  CaU. 

A  few  specimens  of  this  form  were  dredged  in  Utah  Lake  in  August, 
1883,  and  are  described  herein.  The  superficial  features  would  be 
perhaps  insufficient  to  establish  the  variety,  bnt  the  dentition  'differs 
firom  typical  B.  ampla  Mighels  very  materially.  The  specimens  sustain 
to  B.  ampla  a  similar  relation  to  that  exhibited  by  Pompholyx  oostata 
Hemphill,  a  strongly  marked  vsfiety  of  P.  effasa  Lea.  The  relation 
which  it  may  genetically  sustain  to  Polyrhytia  kingii  Meek,  trom  the 
Tertiary  of  Oache  Valley,  Utah,  is  below  in^cated. 

Genus  PoMP^OLTX. 

Pompholyx  effiiaa  Lea.    Proc.  Acad.  Nat.  Sci.  Phila.,  VoL  VIII,  60(1866).    Smith- 

soniaD  Misc.  CoU.  No.  143,  74,  Fig.  119  (1865). 
Pompholjfx  $olida,  DaU.    Ann.  Lyo.  Nat.  Hist.  N.  T.,  Vol.  IX,  333-361,  PL  U 

(1870). 
Pompholyx  cottataj  Hemphill.     (Ms). 

This  species,  with  its  vaiities  P.  costata  Hemphill,  from  the  DaUes^ 
Oregon,  and  P.  $olida  Dall,  from  White  Pine,  Nov.,  is  the  character- 
istic fjssil  of  the  fjahontan  beds,  and  is  also  highly  characteristic  in 
the  modem  fauna  of  that  area.  It  is  the  only  fossil  found  ranging  from 
Lower  to  Upper  Lahontan  strata,  and  occurs  at  many  localities,  often 
in  the  greatest  abundance.  It  is  one  of  the  three  forms  now  living  in 
Pyramid  Lake,  but  of  a  size  far  below  that  which  it  formerly  attained. 
The  principal  variant  features  which  it  presents  are  below  allndftd  to. 
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Gtenns  OasxSwejl. 

Caiinlfex  neirbarryi  Lea. 

Planorbis  newherryi  Lea.    Proo.  Phila.  Acad.  Kat.  Sci.,  41  (1858). 

Carinifex  newherryi  Lea.    Smithsonian  Miao.  Coll.  Ko.  143,  74,  Figs.  120-122 

(1865).    Also  Stearns,  in  Proo.  Acad.  Nat.  Sci.  Phila.,  108-110,  Fig&  25-27 

(1881). 

• 

Id  distribution  this  form  i8«  restricted  to  portions  of  California,  Ne- 
vada, Utah,  and  Oregon.  In  the  Lahontan  Basin  it  ranges  from  the 
shores  of  Walker's  Lake  north  to  Button's  Banch,  Christmas  Iiakes, 
Oregon,  where  it  is  found  semi-fossil.  Lahontan  fossils  have  been 
found  only  at  the  south  end  of  Winnemucca  Lake,  contiguous  to  Pyr- 
amid Lake.  In  the  Bonneville  area  it  was  discovered  living  in  Utah 
Lake.  The  specimens  were  rather  small,  and  the  x>ecnliar  flattening  of 
the  apical  whorls  made  it  an  unusuany  interesting  form.  This  is  the 
*mo8t  eastern  locality  yet  reported.  It  is  probably  a  comparatively  re- 
cent addition  to  the  fauna  of  the  Bonneville  Basin. 

Genus  Anoylus. 

▲noylvB  newberryl  Lea.    Proc.  Phila.  Aoad.  Nat.  Sci.,  166  (1858).    Smithaoman 
Misc.  Coll.  No.  143,  p.  145,  Fig.  244  (1865). 

This  shell  is  restricted  in  its  distribution,  so  far  as  known,  to  Cali- 
fomia  and  Nevada.  It  has  been  found  fossil  only  in  Tipper  Lahontan 
beds  in  the  white  marl  at  the  south  end  of  Winnemucca  Lake. 

Anoyliui,  sp.  andt. 

A  single  specimen  of  this  form  was  dredged  in  Utah  Lake,  in  August^ 
1883.  No  opportunity  has  been  presented  to  complete  the  identifica- 
tion. 

BISSOID^. 

GtenuB  Amnioola. 

Amnloola  longinqoa  Gonld.    Pro^.  Boat.  Soc.  Nat.  Hist.,  Vol.  V,  130  (1855).     Smith* 
sonian  Misc.  CoU.  No.  144,  87,  Fig.  173  (1865). 

Described  by  Dr.  Gould  from  specimens  collected  during  the  progress 
of  the  Pacific  Bailroad  surveys  on  the  Carson  Desert.  Until  recently  no 
living  shells  of  the  species  were  known ;  specimens  which  are  referred 
to  this  species  collected  by  H.  Hemphill,  near  Lake  Point,  Utah,  are  in 
the  Stearns  Collection,  Smithsonian  Institution.  It  is  found  fossil  in 
Upper  Lahontan  beds  at  south  end  of  Winnemucca  Lake,  and  at  Bnffido 
Springs.    Sx>ecimens  appear  to  be  rare  in  the  Lahontan  area. 

Amsloola  olnclnnatienals  Anth. 

PaJvdina  dneinnatiensia  Anth.    Bost.  Jour.  Nat.  Hist.,  VoL  IH,  pts.  1,  8,  p. 

879,  PI.  Ill,  Fig.  3  (1840). 
An^nioola  dndnnoHensia  Anth.     List  of  Cinoinnati  shells   (1843).     Kame 

changed,  hut  no  description. 

See  the  next  species. 
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Amnioola  porata  Say. 

Paludina  parata  Bay.    Jonr.  Aoad.  Nat.  Sci.  Phila.,  Vol  U,  174  (1821). 
Amnioola  porata  Say.     SmithBonian  Miso.  ColL  No.  144,  p.  8d-83,  Fig.  164 
(18({5). 

Both  of  these  forms  are  abundant  fossils  in  Upper  Bonneville  beds 
at  various  localities.  The  most  abundant  shell  Is  the  form  referred 
to  Amnioola  oinoinnatienHa.  Some  hesitation  has  been  experienced  in 
adopting  the  specific  name  porata  for  the  less  common  form.  Neither 
species  is  known  to  be  now  living  in  the  district  included  in  the  Bon- 
neville drainage. 

Amnioola  dalU  CaU. 

This  form,  described  herein,  is  somewhat  abundant  living  in  a  small 
stream  tributary  to  Pyramid* Lake,  near  the  north  end,  at  Symon's 
Banch.    No  fossil  specimens  of  the  species  have  been  found. 

Genus  Pybgula. 

PyrgnUi  iMradenala  Stearna.  Pioc.  Phila.  Acad.  Nat.  8oL,  178.  Fignxe,  (1883). 
CaU  &,  Beeoher,  in  Amerioan  Naturalist,  September,  1884,  VoL  ZYIII, 
Pp.  851-865.    In  this  paper  the  dentitdon  is  figured. 

It  is  somewhat  doubtful  whether  the  generic  reference  of  this  form  is 
correct.  It  appears  to  be  devoid  of  the  canal-like  production  of  the  aper- 
ture which  is  almost  the  sole  generic  character  of  Pyrgula,  The  only 
locality  where  living  forms  have  been  found  is  Pyramid  Lake,  Nevada, 
where  it  occurs  in  countless  thousands.  No  examples  are  known  from 
the  Lahontan  beds. 

Oenus  Flttminioola. 

Flmninioola  fiiaoa  Hald. 

Leptoxia  futoa  Hald.     Monograph  of  X«p(Mia,  4,  PL  III,  IV,  Figs.  83,  84 
(18471). 

The  distribution  of  this  genus  is  restricted,  and  especially  is  this  true 
of  the  species  here  listed.  It  has  been  found  only  in  portions  of  Oali- 
fpmia,  Oregon,  Nevada,  Idaho,  and  Utj^h,  It  occurs  fossil  in  both 
Upper  Lahontan  and  Upper  Bonneville  beds,  very  abundantly  in  the 
latter  at  Eelton  and  SnowviUe,  Utah,  but  sparingly  in  the  lahontan 
beds  at  Bye  Patch,  Nevada.  Living  forms  are  common  in  the  Ogden 
Biver,  and  abundant  in  Utah  Lake,  Utah. 

VALVATID^. 
Oenus  Vai-vata. 

▼alvata  virens  Tryon.  Proc.  Aoad.  Nat.  Soi.  Phila. ,  148,  PL  I,  Fig.  11  (1868).  Smith- 
sonian Miso.  CoU.  No.  144,  p.  15,  Fig.  21  (1865). 

Bestricted  in  distribution  to  Oregon,  Oalifomia,  Nevada,  and  Utah. 
In  the  Lahontan  area  this  shell  occurs  somewhat  abundantly  as  an  Up- 
per Lahontan  fossiL  It  is  an  abundant  semi-fossil  on  the  sui&oe  of 
Sevier  Desert  in  the  Bonneville  area. 
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Val^ata  ainoera  var.  ntahenaia  Call. 

This  form  is  aivother  of  those  fOcind  to  be  so  difflhict  as  to  reqaiie 
mention  as  a  vartety .  Its  affinities  are  pointed  otit  belo\r.  It  is  a  veiy 
abundant  shell  at  the  north  end  of  Utah  Lake  at  Lehi. 

PULHaNATA  GBOPHBLA. 

The  coUeetions  of  fossils  made  in  the  Bonneville  area  have  not  yet 
diseloeed  any  land-eOiellSy  and  btit  few  have  been  found  in  the  Lahontan 
basin.  These  represent  but  three  genera  and  an  equal  number  of  spe- 
cies, none  of  which  are  abundant.  They  must  be  regarded  as  an  ad- 
ventitious fauna  in  the  lake  beds,  washed  down  from  higher  land  by 
iftikiw  hrt&  floods.  As  living  shells  they  all  tange  beyond  the  limits  of 
the  area. 

In  this  catalogtie  reference  is  made  olily  to  those  that  have  been 
found  fossil,  since  our  knowledge  of  the  land-shells  of  the  Great  Basin 
is  much  less  complete  than  that  pertaining  to  the  fresh-water  mollusca. 
All  forms  orbited  to  either  the  Lahontan  or  the  Bonneville  area  have, 
hbvtevetj  beeh  lifted  fh  the  accompanying  sytioptical  tables. 

HBLICID^. 
Genus  Yallonia. 

Vmioiiiii  pvl^tfUa  MfiU. 

Helix  puhkeUm  MttlL   Vermes,  p.  30,    (Title  and  referenoe  qnoted.) 
Vallonia  minuia  Morse.    Joar.  Portland  Soc.,  Nat.  Hist., Vol.  1, 21,  Figs.  54-66, 

PI.  VIII,  Fig.  57. 
VaUania  pulekella,  Mill].     Smithsonian  Mis.  Coll.  No.  194  p.  157,  Figs.  270-272 
( 1869). 

ThU  is  a  Circamboreal  species,  with  wide  southern  distribution ;  it 
also  ranges  to  high  altitudes.  Fossil  specimens  have  been  found  in 
tipper  Lahohtan  beds  at  Bye  Patch,  Kevada. 

GeAus  StjgOinea. 

0ttoolii6a  8tr«tohiluui  Bland.     Annals  N.  T.  Lye.  Nat.  Hist.,  Vol.  VIII,  168,  Fig.  16 
(1865).    Smithsonian  Misc.  Coll.  No.  194,  p.  263,  Fig.  471  (1869). 

Living  specimens  have  been  found  only  in  Nevada.  The  fossil  mate- 
rial comes  from  Upper  Lahontan  beds  at  Bye  Patch,  Nevada. 

PUPIDiB. 
Genus  Pupilla. 

Papilla  mosconmi  Linn.    Vide  Pfeiffer,  Mon.  Hel.  Viv.  Vol.  IV,  p.  666.  Smithsonian 
Misc.  Col).  No.  194)  p.  234,  Figs.  397-401  (1860). 

^ifl  is  another  eiivtimboreal  fbrin,  with  wide  southern  range.  Fossil 
<mly  at  Bye  Patch,  Kev.,  in  Upper  Lahontan  beds. 
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OSTRACODA. 


Am«ng  the  shells  sabmitted  for  study  oocurred  many  thoosaiids  of  a 
minute  ostraooid  crustacean^  only  the  generic  position  of  which  has 
been  made  out  as  follows. 

•  Genus  Gyi>bi8. 

Cyprls  sp.  indt. 

A  minute  ostracdd  crustacean  is  mentioned  by  White*  as  very  abun- 
dant west  of  Fairview  and  at  the  head  of  Soldier's  Greek,  Utah.  While 
he  does  not  positively  identify  it,  he  yet  thinks  it  to  be  identical  with 
Oypris  leidjfi  £•  ft  8.  The  description  of  that  species  is  not  accessible 
at  this  time,  and  it  is  impossible  to  state  whether  the  Lahontan  forms 
are  identical  with  the  Utah  form.  Specimens  occur  abundan  tly  in  many 
localities  in  Lahontan  Lake  beds,  and  range  flrom  the  sur&ce  of  the 
highlands  adjacent  to  the  Truckee  to  and  into  the  lithoid  tufift  at  various 
points. 

In  the  original  description  of  Lake  Bonneville^  the  occurrence  of 
-^^OyprisT"  is  mentioned.  The  specimens  are  not  at  hand,  but  so  fiur  as 
information  goes  they  agree  in  size  and  general  appenrance  with  those 
from  Lahontan  beds,  and  their  specific  identity  is  probabla 

In  tables  I  to  TV  following  is  given  a  synopsis  of  the  recent  and  IbssU 
ehells  discovered  in  the  area  studied. 

Table  l.—Fosnl  Lahontan  MoUuBoa. 


PUnily. 

Genua. 

Spedaa. 

Remarlra. 

tTntonlds — 
OorbiGiiIidB . 

Margatltaiia. . 
Anoaonta..... 
Sphailiiiii .... 

Piaidltmi 

HeUaoma 

Oyraolas 

Henatna 

Umnophyaa.. 

P<nnpliolyx.«. 

Oarlnifex 

Anoylaa 

Amnicola 

Flnmlnioola  .. 

ValTato 

Vallonia 

Snooinaa 

Papa 

margaritifera,  Linn  .. 
nnttaUian^Lea 

Btriatinnm,  Lam 

ultramontanam,  Pnn . 

compreaanm,  Prm 

trivolvla,  Say  

ammon,  Goud 

parma,  Say 

Korth  to  Britiah  Colombia,  eaat  to  XJtali. 

To  aaatern  limit  of  Great  Baain.                   . 

Oooidental.                                                       * 

Maine  to  Tezaa  to  California. 

Reatrieted. 

Rare. 

Everywhere 

Bare.    Var.  laatt 

Common. 

vermioolaria,  Goald  .. 
operonlaria,  Chmld — 

paluatria,  MlUl 

bnlimoidea,  Lea 

Oregon,  Califbraia,  Nevada. 

Common,  oiroompolar. 

Beatricted. 

Casta.    Spedea  nndetennined. 

Var.  of  L.  paloatriaf 

aTiiDaa8i..2d  

llTIIDilltt.VaT 

flfhiaak  iLaa 

Only  apeoiea.    Now  found  Uvlnc  in  Pyramid 

Lake. 
Seeeontext. 
Bare. 

Only  known  aa  a  fbaaU  in  the  Lahontan  are*. 
Genna  new  to  North  Amflfloai 
Only  one  apeoimen  fbond. 
Bare. 

pt^mMAt^ 

nawberryl,  Laa. ....... 

newbenyl.  Lea 

Umginqiia,  Gould 

sevadenaik  Staania. . . 
fnaoa,  Hald 

ValTatlds... 

▼Ir^na,  Trvon ^  _ . . 

EflUcids  .... 
Pmiida 

pnlchella,  Mftll 

atretohiana.  Bid 

mnaoornm,  Linn 

CironmboreaL 

Nevada. 

ClioamboreaL 

(T) 

(1^ 

<M> 

'United  States  Geol.  and  Geog.  Snr.  West  of  100th  Meridian,  Vol.  IV,  p.  216. 
^United  States  Geol.  and  Geog.  Snr.  West  of  the  100th  Meridian,  Vol.  in,  p.  99. 
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Table  U.-^Receni  Mollusca  of  the  Lakontan  Area, 


Family. 

0«nni. 

Specieo. 

Bemarka. 

Uatonlto 

Corbionllda  . 

Margaritaoa... 

AnMlonta 

Sph»riiun 

Piaidliun 

Oyranlns 

Manotna . .... 
Limnophyaa.. 

Tilmima  ...... 

Phyaa 

Pompholyz... 
Ammoola 

Sai^.:::::: 

Zonltea 

Connlna 

Vallonia 

Vitiina 

Bnoeinea 

Papilla 

Lenohoohella . 

macgarltlfera,  Unn 

atriatinnm,  Lam 

comprosanm,  Prime 

ooipolentaat  Say 

ammon.  Goiud 

Humboldt  and  Traokee  BlTon. 
Abundant  on  aurfiioe  of  Canon  DewuL 
Humboldt  River.    Abundant. 
Humboldt  Biver.    Common. 
Honey  Lake.  Walker  and  Quina  BItoo. 
Black  Book  Deeert. 

trivolyia,SaT 

Common.    Abundant  at  Wadaworlli. 

anbcrenatas.  Bay 

parma,  Say 

Honey  Lake,  California. 
Panda  and  nnall  atreiAaa. 

Yermiculam.  Gould 

ODoroiilaria.  Gld 

Spring  aouth  end  Pyramid  Lake. 
Elko.    Slongha  Humboldt  BiTor. 

Honey  Lake. 

^riug,  aouth  end  Pyramid  Laka. 
Blaok  Book  Deaert_Qninn  BiTor. 
SurfiM^  of  deaert.    White  Plalna. 

vaiaatris.  MftU 

miTnaael.  Baird 

hmn^M*.  8*v r  -  -  - 

bnliniAiitAii,  Laa 

syrinx,  Say 

Enmerooa,  Ghmld 

ampuUacea,  Gould 

heteroatroplia,  Say 

ftfnna.  Lea 

Pyramid  Lake.    Caxaon  Deaart. 
Honey  Lake.    ICono  Valley. 
Tmokee  Biver.    Wadaworth. 
Pyramid  Lake. 

m^fi^^f^ 

jtf^fii, /iftii   , 

HfH^tfr 

neTadensis,  Stoania 

idahoensia,  Kewo 

atriffoaa.  G<)uld 

Pyramid  Lake.    Walker'a  Lake  (llTliif  f|^ 
ThU  W.  G.  Blnney. 
Do. 

hempUlli,  Kewo 

arboreos.  Mftll  - ■,  ■, 

Do. 
Do. 

yiridulua,  like 

Do. 

xdtldua,  Mftll 

Da 

ftilyns,  'Drap 

Baat  alope  Sietra  Nevada. 
Yar.  oottota. 

pulohella.  Mflll 

nfeiiferi.  Newo ....... 

Sierra  Nevada.    TetU  Binn^. 
Humboldt  Lake. 

t11Hin>LT>i,  TI1ai^4      , 

Piipldn .  .••• 

stretchiana,  Bland 

Uneata,  W.  G.  B 

ruatioaua,  Gould 

muaoorum,  Linn 

oorpnlenta,  Morae 

ariaonenaia,  Gabb 

Truokee  YaUey.    Wadaworfh. 
luU  Binney. 

Do. 
Truckee  Valley.    Dxlftweod. 
Te$U  Binney. 
'    Do. 

(«> 

(21) 

(89) 
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Table  Ill.—Fo88il  Btmneville  MoUu§ea, 


» 

f P.  B.  sPoat-Bonneville] . 

Pamfly. 

Genua. 

Speoiea. 

j^fnm^y^. 

Unionlds .... 

Anodonta 

Sphmium .... 

Heliaoma 

GvTaulua 

Limnophyaa . . 

Limnea 

Phyaa 

Amnioola 

Fluminioola  .. 
Valvato 

Sucoinea 

nnttalliana,  Lea 

Semi-fbaaH.    Sevier  Deaert.    P.  B. 

Corhionlide . 

dentatum.  Hatd ......... 

Do. 

Tffmp^l^f^     . 

trivolvls  Sav 

Upper  Bonneville. 
Semi-fossil.    P.  B. 

narvua.  Sav  

DaluBtrls.  MfLU 

Upper  Bonneville. 
Semi-fosaiL    P.  B. 

aumami.  Baird  ,-,■.  

bonneviilenBia,  Call 

deftidiofta.  Rav . . . . ,  ^  r . . . . 

Upper  Bonneville. 
PoHTQonneviUe. 

atamiAliii   T.inn      

heterostropha,  Say 

lordi,  Baird 

Semi.foaaU.    P.B. 
Do. 

Blaaoida.... 

porata.  Raid 

oinoinnatlenaia,  Anth . . . 
fhada.  Hald   

Upper  BonneviUe. 
Do. 
Do. 

Yalvatide... 
HeHffMd^ 

sinoera,  Say,  voir,  utah- 

enaia,  Call, 
lineata,  W.  G.  B 

Poat-Bonnevllle. 
Do. 

(«) 

(11) 

(16) 

(378) 


OAU.J 


SYNOPSIS. 


25 


Tabus  IV.^Beemt  MoUuaoa  of  ihe  Bannmfitte  BaHn, 


Fiunily. 

Genoa. 

Speotea. 

* 

Tfntonlto — 

Mamnitanft.. 

AnodoDtft 

Sphnrimii .... 

Plaidliini 

HeUaoma 

Chrruiliia 

Menetas 

mairgaritif era,  Linn 

Common  ibroagboat  tbe  baain. 

Dou 
LakeUtab. 

ttriaUnnm,  Lam 

•bdHnin.  Jf^iA 

Seyier  River.    Streama. 
City  Creek. 
Utah  Lake. 
Vnmenraa  looalitiea. 

oompresaom.  Prime 

ttlTolTla.  Sey 

parms,  say 

op«ronlarta,'0<nild 

palnatrla,  Him 

Camp  Donklaa. 
Warm  Spmg  Lake. 
Sversrwuere. 

aamaaai,  Baird 

Sevier  Biyer. 

h'nmtlia.  9v-t  ---.ttt ^,.-  r 

Salt  Lake  City. 

LebL 

deaidioM,  Say 

eaiMtAta.'8aT 

Warm  Spxinfc  Lake. 

Utab  Lake.    Waim  Spring  Lake. 

Lake  TTtab. 

(Tali: 
flUiptloa,  Le» 

Pbyaft 

Carlntfez 

Anoylna 

ValTato 

BTthineUa.... 
Flnmlnioola . . 
Patola 

HyaUna 

Connlna 

Yitrinm 

BooelneA 

Vertigo 

Warm  Spring  Lake.    Var.P.pyrlMk 
Bverywnereb 
Knmerooa  localittea. 
Utab  Lake. 

I>0. 

Syxiiuk  ftay 

ampollaoea,  Gonld 

heteroatropba,  Say 

newbenyl,  Lca 

ap.  nndt 

Do. 

▼•IratidA... 
Itlffmlto 

amoerai  Tar.  ntaheoida. 

Call, 
binneyi.  Tryon 

Do. 

City  Creek.    Spring  Grtniae  Vall^. 
Utab  Lake.    Ogdoa  Blyer. 
WaaatobHta. 
WaaatebMta.    Ogden. 

Do. 
Salt  Lake  City. 

Da 
City  Creek  Callon. 
American  Pork. 

ftuioft,  Hald 

HeUdibB 

atriatella,  Antb  

■triooaa.  Gtoald 

idaboenais,  Newo 

arborea.HlUl 

. 

fulyna,  Drap 

pfeiflbri,  Kewo 

UxieAtai,  Biimey 

■Illimaiil.  Bland 

Rbonw  of  Utab  Lake.    LeU. 

orata,  Gould 

City  Creek  Caflon. 

W 

m 
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OHAPTBE   II, 
DISTBIBmON  AND ,  BKVIBONM]Bin:>« 

GEOGRAPHIC   AND   CHBONOLOGIC   DISTRIBUTION. 

While  there  are  certain  facts  of  a  physical  character  which  jnstify  the 
correlation  in  time  of  these  lacustral  beds,  there  exists  no  paladontologic 
evidence  of  that  Deu^t.  The  fossil  mollasca  are  dissimil^,  not  only  in 
their  generic,  bnt  also  in  their  family  relations  in  many  instances.  The 
characteristic  fossil  of  Lahontan — Pompholyx  effusa  Lea — is  limnsBid, 
while  Amnicola  parata  Hald.  and  A.  cincinnatiensis  Anth.,  character- 
istic of  the  Bonneville  beds,  belong  to  the  Rissaida.  The  first  £Eun- 
ily  is  inoperculate  and  pnlmonate ;  the  second  operculate  and  pectini- 
branchiate.  Bepresentatives  of  the  genns  Amnicola  are  now  found 
common  to  both  areas,  bnt  Pampholyx  has  not  extended  eastward  into 
the  Bonneville  Basin,  so  &r  as  known.  But  a  kind  of  indirect  evidence 
of  correlation  in  time  is  furnished  by  increased  abundance  of  fossil 
shells  in  those  beds  which  are  known  to  have  been  contemporaneous  in 
origin  with  the  highest  level  of  each  lake,  and  by  their  comparative 
paucity  in  those  beds  related  to  the  lower  stages.  It  is  believed  that 
this  abundance  or  paucity  may  be  correlated  with  the  successive  fluc- 
tuations of  the  lakes,  and  is  dependent  on  them  directly,  or  on  the  cli- 
matal  conditions  which  caused  them.  If  a  valid  argument  can  be  based 
upon  arbitrary  estimates  of  the  relative  abundance  of  shells  in  turn 
based  upon  absolute  abundance  of  fossils,  then  that  abundance  or  pau- 
city sustains  a  significant  relation  to  humidity  and  to  the  tufa  deposits 
in  the  case  of  Lake  Lahontan.  Thus,  Pompholyx  occurs  sparingly  in 
the  lithoid  tufia,  is  not  found  in  thinolite  at  any  point,  becomes  very 
abundant  during  the  period  of  deposition  of  the  dendritic  tofa,  and  is 
foundicommonly  but  not  abundantly  in  Pyramid  Lake  at  the  present 
time.  These  phenomena  suggest  a  decided  relation  to  humidity  and  to 
the  varying  chemical  composition  of  the  waters,  which  probably  changed 
in  nearly  or  quite  the  degi*ee  that  humidity  itself  varied.  Thus  the 
history  of  Pompholyx-  in  its  relation  to  Lake  Lahontan  is  most  inter- 
esting but  problematic.  It  is  latterly  associated  with  Phy%a  humeroM 
Gould,  and  Pyrgula  nevadensis^  Stearns,  the  only  other  mollusca  now 
known  to  be  living  in  that  northern  remnant  of  Lahontan — ^Pyramid 
Lake.  Pyrgula  has  replaced  Pompholyx  in  the  modem  lake,  and,  in- 
deed, is  not  known  in  any  Lahontan  deposit. 

The  only  other  locality  where  Pyrgula  is  known  to  occur  is  in  Walker's 
Lake,  but  not  now  in  the  living  state.  Since  careful  collection  has 
failed  to  reveal  the  form  in  Lahontan  beds  or  Lahontan  tufiEus,  the  hy- 
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pothesis  is  jafttifiable  that  it  baa  been  introduced  into  each  of  these 
lakes  since  they  became  independent  bodies.  The  genos  is  a  new 
addition  to  tl^e  fauna  of  North  Atnerica,  is  found  in  the  mountainous 
districts  of  Europe,  central  Asia,  qnd  South  America,  and  has  hitherto 
b^en  known  to  elist  only  in  pure  fresh-water  lakes  and  at  considerable 
altitudes.^ 

The  dentition  of  Pyrgula  was  unknown  until  its  abundant  collection 
in  Pyramid  Lake,  when  its  description  and  iUustration  became  possible. 

The  wide  range  of  Pompholyx  in  Lahontan  beds  makes  ixissible  a 
valuable  comparison  of  the  same  species  from  localities  representing 
stages  of  the  lake  widely  separated  in  poiDt  of  time«  Such  comparisons 
as  have  been  instituted  show  that  its  history  alone  will  fiimish  an  im- 
portant addition  to  hexicology.  Specimens  taken  from  the  lithoid  tufa 
on  Anaho  Island,  in  Pyramid  Lake,  when  compared  with  those  from 
horizons  correlated  with  the  dendritic  period  present  the  widest  range 
among  individuals.  The  shells  from  both  localities  are  higher  than 
Pyramid  Lake  forms^  are  much  thinner,  and  the  coiling  of  the  whorls 
is  much  looser.  The  lithoid  tufa  Specimens  present  a  large  proportion 
of  costate  forms,  the  ratio  being  as  1  to  2,  while  in  recent  specimens  the 
ratio  is  as  1  to  32.  The  recent  specimens  approximate  P.  effusa^  var. 
9oUda  Dall,  while  in  sculpture  and  elevation  the  earlier  and  smooth 
forms  of  the  lithoid  tufa  approach  nearest  to  the  typical  P.  effusa  Lea. 

The  abundance  of  costate  forms  in  the  earlier  beds,  and  tiiair  com- 
parative  paucity  among  recent  shells,  is  suggestive  of  genetic  relation 
to  Voriicifex  InwMyi  Meek,  of  Miocene-Tertiary  age,  from  Fossil  Hill, 
Kevada.  The  existence  of  a  very  distinct  carina  on  the  body  whorl  of 
Pomphohfx  from  Anaho  Island,  and  its  absence  on  recent  forms,  is  still 
again  suggestive  of  the  same  genetic  relation.  Lake  Bonneville,  in  its 
Lake  Utah  representative,  furnishes  an  allied  fact.  Badix  wmpla^  var. 
utdkm9i9,  presents  features  allying  it  to  PolyrhyHs  Jcingii  Meek,  from  the 
Miocene-Tertiary  of  Cache  Valley,  Utah.  Thus,  in  each  of  these  great 
areas  are  recent  forms  of  like  family  relations,  but  belonging  to  difTer- 
ent  genera,  related  respectively  to  forms  nearly  congeneric  with  them, 
but  of  Tertiary  age.  The  differences  which  they  present  are  certainly 
less  specific  than  those  exhibited  in  the  Tertiary  species  of  Planarbia 
from  Steinheim,  which  have  recently  formed  the  subject  of  an  elaborate 
memoir.^  • 

The  comparative  wealth  in  genera  and  species  of  the  areas  comprised 
in  Lake  Lahontan  and  Bonneville,  as  well  as  the  differences  and  identi- 

^PgrgiOa  mniUMfifarmiii  Wolf  is  an  apparent  exception  to  thia  statement,  but  mnoh 
donbt  attaohes  to  the  generio  reference  of  the  form  bo  named.  It  waa  deaoribed  from 
the  post-Pliocene  of  Tazewell  Co.,  111.,  in  which  a  genns — Po«ialioiM<*— sustaining  a 
saperficial  resemblance  to  Pyrgula  is  known  to  occnr.  MoreoTcr,  the  correlation 
of  species  and  station,  as  above  indicated,  combined  with  the  sole  possible  stations 
of  the  fossil  forms,  certiAes  the  donbt. 

*  Hyatt,  "On  the  Tertiary  Species  of  Planorbis  at  Steinheim."  Annivetsary  Mo 
moirs  Boston  Society  of  Natural  History,  1880. 
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ties  of  their  fossil  and  recent  moUosca,  is  succinctly  shown  in  Table  V, 

following : 

Tablb  Y.^-DistrUmUon  of  Frwh-water  8Mi§. 


Family. 


TJnionide... 
CorUtonUto 


lUMOldA 


Ya]TftiidB 


Oenus. 


MKmrit<anA. 
AnoaontA — 
Sphmliiin  • .  < 


Pialdliim. 
HdiMmiA. 

G^yraiiliu 


Hfliietas.... 
LbnnophyiA 


LirnnnA 
B»dix.. 
Phyu .. 


Pompholyz 
Caiinifez.. 
ABoylnt ... 
AnmiooUk. . 


FlnminioolA 

Pyrgnlft 

^t&lnellA. . 
YiJYata 


SpMsles. 


Beo«nt 


mArgaritlferai  IJim 

natAlllamfc,  Lea 

dentatnm,  Hald 

ttriatinnm.  Lam 

oompreaflnmi.  Prime 

abdltam,  Hald 

corpnlentiiB,  Say 

ammon,  Gromd 

triTolvia,  Say   , 

Babcrenatiu,  Carp 

parviii>,Say 

▼ermioalarls,  Oonld 

operonlaria,  Gonld 

paln8tri8,M1iU 

nunaasl,  Baird 

humilia,  Say 

bnUmoidea,  Lea 

bonnevilleiuiiB,  CaU 

ttagnalifl,  Linn 

ampla,  9ar,  Utahwnaia,  Call. 

gyrina,Say 

EumenMat  Gkmld 

ampnllaceat  Gonld 

heterostropba,  Say 

elliptica,  iJea 

loidi.  Baird 

effasa,  Lea  (Tan) 

newberryi.  Lea 

newberryi.  Lea 

dallijCau 

longinqna,  Gould 

poxata,JSald 

oincinnatieneia,  Anth 

ftiaca,Hald 

nevadentis,  Steams 

binneyi,  T^on 

Tirena,Tryon 

■inoera,var.  ataben8lfl,Ca11 . 
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TAhimtaiii 


* 


* 


* 
* 

* 
* 
* 
* 


* 
* 


22 


VMsiL 


t 

t 

* 


t 

Y 


t 


♦18,  t8 


BoxmerillA. 


Baoent 


* 
* 


* 
* 
* 


* 
* 


t 
t 


t 


t 


t 


* 
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NoTB.^Tbe  asterisk  (*)  is  used  simply  to  indicate  the  presence  of  the  speoiea  in  either  the  recent  or 
the  fossil  fanna.  The  dagger  (t)  is  used  to  indicate  semi-fossUs.  When  the  ssme  speciea  is  taanA 
both  fossil  and  semi-fossil,  the  signs  are  written  together,  with  the  relative  abundance  indicated  by 
the  order  of  the  signs. 

In  this  table  only  the  fresh-water  shells  are  listed.  But,  comparing 
Tables  I  and  III,  in  which  land-forms  are  included,  it  will  be  observed 
that  Lahontan  furnishes  eighteen  genera  and  twenty  six  species,  com- 
prised in  seven  families.  Bonneville  presents  eleven  genera  and  sixteen 
species,  distributed  aofong  six  families.  Only  six  of  the  sixteen  species 
are  Bonneville  fossils,  but  eight  others  are  semi-fossils  in  the  Bonneville 
area.  Of  recent  forms,  as  exhibited  in  Tables  n  and  lY,  the  genera 
are  equal  in  number,  but  are  not  all  common  to  the  two  areas,  and  in- 
clude all  the  known  land-shells  of  the  respective  regions.  Moreover^ 
the  Lahontan  area  furnishes  an  equal  number  of  families  and  a  greater 
number  of  species. 

Of  the  thirty-eight  species  of  freshwater  shells,  twenty-two  are  living 
in  the  Lahontan  area,  twenty-two  in  the  Bonneville,  and  thirty  in  the 
entire  district;  twenty-three  are  known  fossil  or  semi-fossil  in  the  La- 
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hontan  area,  thirteen  in  the  Bonneville,  and  twenty-eight  in  the  entire 
district.  The  Lahontan  area  inclndes  of  living  and  fossil  twenty-six, 
the  Bonneville  twenty-four. 

It  will  at  once  be  noted  that  the  majority  of  fresh-water  forms  pre- 
sented alike  by  all  these  five  tables  belong  to  the  LimncBtda*  This 
family  is  world  wide  in  distribution,  and  exhibits  a  most  remarkable 
group  of  genera  and  subgenera  in  its  various  divisions.  Of  all  fresh- 
water forms  the  species  of  LimtuBidas  have  the  greatest  hypsometric 
range,  extend  to  the  highest  latitudes,  and  best  survive  certain  physical 
changes,  such  as  droughts,  extremes  of  cold,  and,  as  our  investigations  in 
the  Great  Basin  prove,  even  transitions  firom  fresh  to  saline  waters.  In 
the  north  temperate  regions  of  America  some  species — Limncea  stagnalisj 
Bulimncea  megctscma^  Limnophysa  palustriSj  L,  sumaasi^  and  Physa  lardi 
— ^reach  a  high  degree  of  perfection  and  appear  to  be  eminently  adapted 
to  that  habitat.  Some  of  these — Limncea  stagnalis  and  Limnophysa 
paluatris — ^are  circumboreal,  and  find  in  these  latitudes  their  metrop- 
olis. The  identity  of  other  American  with  European  forms  is  highly 
probable.  Such  species  as  are  known  to  be. common  to  Europe  find 
their  southernmost  range  in  the  Great  Basin. 

It  is,  perhaps,  fortunate  that  this  widely  distributed  family  is  so 
amply  developed  within  this  area.  Its  range  is  such  that  it  here  finds 
an  almost  infinite  variety  of  station,^  often  an  environment  structurally 
uncongenial,  temperature  ranges  which  may  be  either  above  or  below 
its  optimum,  but  which  are  comprised  within  wide  limits,  and,  as  might 
be  expected,  it  presents  a  range  of  variation  clearly  co-ordinate  with 
the  physical  conditions  of  its  environment.  Many  of  the  variant  feat- 
ures presented  are  clearly  local  or  accidental;  such,  for  example,  as 
those  which  arise  from  distortion,^  tramnatism,  and  so  forth. 

Eliminating  these  features,  and  those  of  kindred  character  and  con- 
sequences, there  yet  remain  other  characters,  such  as  size,  color,  thick- 
ness, and  coiling  of  whorls,  entirely  dependent  upon  causes  general  in 
respect  both  to  their  range  of  operation  and  the  effects  they  produce. 
Of  these,  one  principal  factor  is  food,  in  its  character  and  abundance. 
So  far  as  certain  genera  of  LimndeidcB  furnish  reliable  data,  their  station 
is  largely  determined  by  food  opportunities.  In  another  great  Ameri- 
<3an  family,  not  represented  in  the  Great  Basin — ^the  StrepomatidcB — the 

'  "  Station/'  as  used  herein,  is  to  be  understood  as  immediate  and  permanent  physical 
enyxronment;  ^'habitaf  is  nsed  in  the  sense  of  geographic  distribntion. 

*  Distortion  is  often  clearly  the  result  of  purely  local  conditions,  but  even  then  ya- 
rieties  may  be  produced  that  present  established  features  of  a  specific  value  in  sno- 
oeeding  generations.  The  Steinheim  PlariarbeSf  previously  cited,  present  a  case  in 
point.  Ingersoll  has  described  (in  Annual  Report  of  the  Hayden  Survey,  lb74,  p.  402,  a 
distorted  form  of  Helimma  {Planorhia)  to  which  he  gives  the  name  SC.  plexata.  The 
shells,  which  abounded  in  places  where  thrived  a  species  of  closely  matted  aquatic 
plant,  came  from  a  lake  of  considerable  elevation  (9,500  feet)  in  Antelope  Park,  Col- 
orado. The  shell  was  accommodating  its  growth  to  the  ever-varying  conditions  of 
the  pond  in  which  it  dwelt.  In  such  a  case  as  this  the  correlation  of  aberrant  forms 
with  their  surroundings  is  comparatively  an  easy  task. 
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8»me  law  holds  trne.  Th^  abonnd  in  the  sontbem  Unitod  StateA,  ia 
clear  rooky  mouotain  stresuns,  in  those  stations  soitied  to  the  growth  of 
confervas,  and  their  habitat  is  clearly  oonneeted  therewith.  The  abnn- 
dance  of  a  species  is,  in  a  restricted  sense,  a  measure  of  snitable  food 
opportunities ;  and  the  abundant  shell  fauna  of  the  dendiitie  stage  of 
Lahontan  is  a  witness  that  fresh -water  conferrse^-the  sole  food  of  Pom- 
p^{yd?-^flonrished  in  great  abundance.  The  wide  range  of  variation 
seen  in  the  vast  numbers  of  that  form  from  the  Lahontan  area,  nnder 
conditions  of  abuodauce  that  lead  to  the  elimination  of  food  as  a  factor 
clearly  point  to  some  other  potent  agent,  the  effects  of  which  ajre  re- 
remarkably  uniform  throughout  the  area. 


PIPPAUPEJ^ATION  versus   SALINITY. 

Before  passing  to  a  consideration  of  these  ftictors  a  fhrther  remark 
upon  an  anomaly  in  distribution  as  regards  station  is  necessary.  In 
both  the  Lahontan  and  the  Bonneville  areas  ftesh-water  species  occur 
in  brackish-water  stations,  accommodating  themselves  to  abnormal  con- 
ditions. In  the  Lahontan  Basin  the  forms  are  found  solely,  as  far  as 
information  goes,  in  lacustnne  waters.  Walker's  Lake,  quite  fresh  as 
compared  with  Pyramid  Lake,  has  furnished  no  living  shells  whatever ; 
but  P3iTamid  Lake,  with  ^^^  of  saline  matter,  abounds  in  the  fresh- 
water Pyrgulay  and  contains  also  Pompholyx  and  Physa.  TSo  bivalves 
of  any  kind  have  yet  been  found  in  either  salt  or  brackish  water.  In 
the  Bonneville  area  the  forms  occur  in  brackish  springs,  but  in  none  of 
the  salt  or  brackish  lakes  so  far  as  known.  Limnophysa  and  Phyga  are 
the  sole  genera,  each  represented  by  a  single  species.  The  first  of  these 
genera  has  not  yet  been  found  in  saline  stations  in  the  Lahontan  area. 
On  the  other  hand,  neither  Pompholyx  nor  Pyrgula  occurs  in  either  fresh 
or  salt  waters  in  the  Bonneville  Basin.  Physa  alone  is  common  to  the 
fresh  Hud  saline  stations  of  the  two  areas.  When  Pompholiceay  of  the 
Lahontan  area,  from  fresh-water  stations  are  compared  with  Pompho- 
lices  from  saline  stations,  the  forms  are  seen  to  differ  in  some  important 
particulars.  Not  only  do  the  fresh-water  Pompholiees  grow  to  a  much 
greater  size,  but  they  have  thinner  and  lighter  shells.  The  shax>e  of 
the  apertures  presents  a  wider  range  of  variation  in  the  brackish-water 
forms,  and  the  epidermis  is  lighter  in  color.  It  is  believed  that  these 
differences  have  been  successfully  correlated  with  the  differences  of 
station — saline  or  fresh  water.  In  the  Bonneville  area  the  minimum  of 
saline  matter  is  found  in  the  brackish  springs,  but  the  same  biologic 
features  are  presented.^    The  shells  of  Physa  and  Linmophysa  €rom 


^  Some  of  these  springs  have  a  chemical  constitntion  that  varies  within  wide  limita 
at  differeut  times  of  the  year.  In  the  fall  they  are  brackish,  bat  in  the  spring  fresh 
and  sweet.  See  Stansbury's  '^Report  on  Expedition  to  Great  Salt  Lake,*'  p.  174* 
Wiiether  these  are  moilnsk -bearing  ia  unknown. 
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such  statioQs  are  mucli  less  dense,  the  lines  of  growth  are  fUBter  and 
mach  closer,  and  the  sculpturing  is  altogether  more  Tariable  than  In 
specimens  derived  from  fresh-water  streams  adjacent. 

That  the  power  of  accommodation  possessed  by  these  shells  is  not 
unlimited  is  sufficiently  indicated  by  their  unilbrm  absence  from  salt 
marshes  and  from  highly  naturated  saline  lakes. 

It  is  to  be  regretted  that  no  data  bearing  on  comparative  salinity  of 
springs  and  lakes^  in  which  moUusks  have  been  taken  living  exists. 
They  would  surely  have  proven  important  aids  in  this  discussion.  The 
tables  which  follow  are  such  as  compare  forms  taken  from  fresh  water 
with  those  known  to  come  from  stations  of  VM'ying  degfee  of  salinity.^ 
They  are  useful  in  establishing  the  obvious  relation  existing  between 
the  size  of  the  various  specimens  and  their  environment.  But,  as- 
suming that  the  various  degrees  of  salinity  presented  by  ti|e  springs, 
from  fresh-water  to  that  of  a  percentage  incompatible  with  the  life  of 
any  limnseid,  has  been  presented  by  Lake  Lahontan  since  its  beginning 
until  now,  the  ratio  of  salinity  has  been  and  is  a  variable ;  as  ^e  lake 
levels  rose  and  fell  so  did  the  variable  decrease  or  increase  in  value. 
This  variable  presumably  found  a  biologic  expression  in  the  abundance 
of  shell  life,  as  has  beea  above  indicated  in  the  case  of  Pompholyx^ 
during  the  different  tufa-forming  periods  of  the  lake.  Table  VI,  based 
upon  material  from  a  fresh-water  station  and  from  Pyramid  Lake,  to- 
gether with  its  graphic  form  in  Plate  II,  Diagram  I,  shows  this  vari- 
able in  living  Pompholyx  biologically  expressed  in  difference  of  size. 

Table  VI. — Pompholym  effusa  Lea. 


Number. 

• 

Pyztmid  lAke. 

White  Pine. 

Height. 

BieadUi. 

HH^t. 

Bveadth. 

• 

mm. 
4.60 
4.44 
4.44 
4.60 
6.00 
6.78 
4.60 
6.22 
6.12 
6.40 
4.44 

mflt. 
6.40 
6.20 
4.86 
6.00 
6.60 
6.00 
5u6a 
6.82 
6.20 
6.74 
6.50 

mm. 
5u00 
&76 
7.00 

WWW* 

6.80 

&80 

&40 

10 

11 

ATonco ■ 

4.86- 

6.88+ 

&464- 

7.78+ 

>^Tbe  diBouaeion  of  this  factor,  salinity,  is  conspicaonsly  inoomplete.  It  could  not 
be  rendered  complete  in  the  absence  of  salinity  determinatioDS  for  the  Tarioiifl  stations 
oLaesed  as ''  sidine"  and  "  brackish."  The  following  list  of  salinites  is  pertinent  but 
partial :  Walker's  Lake,  Nevada,  .9616  grains  per  liter,  the  average  of  two  analyses 
by  Prof.  F.  W.  Clarke ;  Pyramid  Lake,  average  of  four  analyses  by  Clarke,  2.2463 
grams  per  liter;  Great  Salt  Lake  (1868),  118.60  grams  per  liter  (O.  D.  Allen);  Little 
Gnll  Lake,  in  the  Mono  Valley,  California^  and  Church  Lake,  near  Salt  Lake  City, 
Utah,  fresh.  Pyramid  and  Walker's  Lakes  are  herein  classed  as  brackish.  Salinity 
is  used  throughout  this  discussion,  in  the  absence  of  an  adequate  specific  tenn,  in 
the  sense  of  general  sbemical  coBstitution.  The  determiuatiofts  above  given  include 
only  sodium  chloride. 
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The  valae  of  this  table  would,  probably,  have  been  enhanced  by  a 
greater  number  of  specimens  from  the  White  Pine  locality,  but,  as  nsa- 
ally  happens,  unless  the  collector  use  especial  care,  only  the  largest  and 
most  easily  discoverable  forms  appear,  and  these  were  adults.  The 
ratio  of  heights  of  the  White  Pine  specimens  to  tde  same  dimension  of 

Pyramid  Lake  specimens  is  t^y  £uid  for  breadth  [^,  a  result  clearly  con- 
nected with  station.  Both  localities  present  that  form  known  as  Pom- 
pholyx  effusa^  var.  soUda  Dall,  but  not  differing  in  well-marked  particu- 
lars from  the  typical  P.  effusa  Lea. 

In  Table  YII  are  presented  a  series  of  measurements  of  this  same 
species  from  localities  which  have  been  correlated  with  three  different 
stages  of  water  in  Lahontan,  in  each  of  which  the  ratio  of  salinity  dif- 
fered. Plate  II,  Diagram  II,  is  based  upon  this  table.  During  the 
period  of  t^e  deposition  of  the  beds  at  White  Terrace  the  most  noticeable 
effect  of  environment  is  expressed  in  a  height  of  shell  which  is  certainly 
anomalous.  Joined  to  this,  as  its  consequent,  is  a  far  greater  convexity 
of  whorl  than  is  shown  by  any  specimens  from  beds  deposited  before  or 
since. 

Tablb  VII. — Pompholyx  efftua  Lea. 


WhiteTenMe. 

Pyramid  Lake. 

Height. 

Breadth. 

Height. 

Breadth. 

Height. 

Bieadth. 

1 

flMllk 

4.20 
8.60 
&06 
8.76 
4.62 
8.68 
8.28 
4.24 
8.60 
2.88 

mm. 
6.20 
4.44 
6.16 
4.86 
&16 
4.86 
4.02 
&44 
6.60 
4.80 

&08 

a  10 

7.40 
6.64 
&90 
6u80 

aso 

7.86 
a86 
7.82 
7.00 
6.60 
a60 

flMlli. 

aoo 
a4o 
aeo 
aoo 
aeo 

4.86 

a28 
a4o 
aoo 
aoo 
a  10 

4.42 
4.60 

4.10 
a86 

a86 
a6o 
a86 
aso 
a88 

7.86 

a98 
a68 
a  70 
a26 
aoo 

7.70 

a22 

a84 
a88 

ai2 

4.10 

a48 
aoo 

4.88 

ai4 
aso 
aoo 

a82 

•  2 

&28 

8 

a84 

4 

7.04 

8 

a66 

6 

7.40 

7 

aoo 

8 

a  10 

9 

7.10 

10 

a62 

11 i 

afi6 

12 

ass 

18 

aso 

14 

aso 

15 

at2 

16 

a  42 

17 

aTs 

18 

ao4 

19 

a66 

20 

a66 

21 

aso 

22 

a82 

28 — 

•■"•••••■• 

a  16 

24 

ai8 

26 

7.04 

ATsrage... 

8.76+ 

6.23+ 

7.80 

a  15 

a48- 

asH 

Evidence  of  a  similar  character  is  presented  by  Table  YIII,  graph 
ically  represented  in  Plate  III,  Diagram  I.  The  measurements  in  this 
instance  are  based  upon  specimens  of  Oarinifex  fh)m  two  localities,  the 
deposits  of  which,  though  derived  from  different  lakes,  were  both  late 
Quaternary  and  may  have  been  contemporaneoas.  Those  from  the 
south  end  of  Winnemucca  Lake  are  from  beds  deposited  at  approxi- 
mately the  same  date  as  the  lake  beds  at  White  Terrace,  the  locality 
uaed  in  the  construction  of  Table  YII.    Those  from  Ohristmas  Lake 


CALL.] 


MEA8T7BEMENT8   OF   SHELLS. 


33 


were  found  on  the  surface  of  a  plain  in  company  with  the  bones  of  ex- 
tinct mammals.  The  ratio  of  size  for  the  Winnemucca  fossils,  as  com- 
pared with  the  Oregon  shells,  is,  for  height  *|S,  and  for  breadth  ]^. 

Table  VIII.— CaHnffm  uewherr^  Lea. 


Kmnber. 

Wixmemncca  Lake 

(fOMil). 

ChrUtmM  Lake. 

Hdght. 

Breadth. 

Height 

Bieadtb. 

8.64 
1L60 
1L28 
10.10 
1L22 

iai8 

8.00 

laeo 

11.88 
1L78 
18.10 
12.76 
1L74 
8.60 

plvVfv* 

&68 
8.00 
7.50 
8.60 
8.00 
10.80 
8.80 

a6o 

&50 

TWWWWWt 

10.20 

10  48 

9-«*a«» ••«••••*•••••••«■•• tf • ••••••••••«««••••«•»•«»•***••••••• 

8.82 

10.10 

ILOO 

10.10 

8.80 

^ 

10.82 

8.24 

. 

ATvngQ 

ia26 

1L68 

&7H- 

10.08 

In  the  Bonneville  Basin  similar  results  are  exhibited  by  the  measure- 
ments of  shells  obtained  from  brackish  springs.  In  some  cases  compari- 
sons have  been  instituted  between  shells  collected  in  contiguous  areas, 
thus  insuring  equal  climatal  conditions,  but  in  other  cases  between 
shells  from  regions  more  remote.  Thus  in  Table  IX,  upon  which  is 
based  Plate  III,  Diagram  II,  specimens  found  fossil,  lying'  upon  the 
isurface  of  the  desert  east  of  south  Garson  Lake,  Nevada,  are  compared 
with  specimens  of  the  same  species  frt)m  Warm  Spring  Lake,  Utah. 
The  ratio  of  size  is  nearly  as  1  to  2 ;  but,  as  will  appear  below,  the  Utah 
specimens  were  specially  favored  by  another  factor,  of  climatal  nature. 
The  smallest  of  the  Warm  Spring  Lake  sx>ecimens  is  far  above  the 
largest  of  the  Garson  Desert  forms. 

Table  1X,—Heliaoma  trivolvii  Say. 


Vimiber. 

Cazaon  Lake  Deeert. 

Warn  Spring  Lake. 

HeiiEbt 

BnadtiL 

Height. 

Breadtlk 

1    

7.00 
&00 

a24 

7.82 
&60 
8.84 
7.60 
8.68 
6.80 
6.88 
8.10 
&20 

mm. 
18.00 
12.20 
16.68 
1L84 

7.12 
1480 

8.80 
12L88 
ILOO 

8.80 
ILOO 
1L70 

ILOO 
10.80 
1L80 
11.00 
10.44 
ia82 
10.64 
1L24 
ia82 
1L64 
12L88 
ILSO 
10.88 
10.74 
10.60 
10.18 
10.84 
1L60 
1L08 
10.26 
1L06 
1L86 

21.10 

2 

18.80 

8    , 

26.10 

4 

20.26 

5 ^ , 

2L84 

a 

20.00 

7 

18.00 

8 

8L12 

8 

22:08 

10 

18.80 

11    , 

2&88 

la 

26.76 

13 , 

17.80 

14 .,; 

82.00 

15 

26.60 

16 

18i64 

17 

2L60 

18 

22.20 

10     

28.10 

30 

2L43 

21 

24.00 

12 

26.80 

AyWtkg& •.... -- ..........«......r 

&74-h 

U.86- 

U.OO-f 

2L874- 

Boll. 


(387) 


34 


MOLLUSCA   OF   THE   GREAT   BASIN. 


[BUU..1L 


1^0  lakes  of  the  Bonneville  area,  except  those  entirely  fresh,  are 
known  to  be  moUusk-bearing.  Moreover,  there  have  been  found  do 
fossil  shells  ranging  in  point  of  time,  throughout  the  Bonneville  beds 
upon  which  to  base  any  conclusion,  as  in  the  case  of  LahontaOt  concern- 
ing the  effect  of  any  degree  of  salinity  upon  them,  if  they  existed.  But 
a  similar  line  of  corroborative  evidence  is  presented  by  the  shells  finom 
brackish  springs.  Upon  such  material  have  been  based  Tables  X  and 
XI,  and  Plate  lY,  Diagrams  I  and  II.  Here  again,  in  the  case  of  Warm 
Spring  Lake,  the  climatal  factor  is  brought  out  prominently.  In  these 
tables  are  exhibited  similar  results,  seen  by  comparing  the  averages 
in  the  case  of  two  new  genera  not  known  in  the  saline  waters  of  the 
Lahontan  area,  but  subjected  to  environmental  conditions  similar  to 
those  otPompholyx.  The  physiologic  effects  of  the  similar  stations  are 
identicaL 

Tablb  T.^lAmnopkyaa  paluttrU  MUll. 


Himber. 

Honey  Lake. 

WwmSpftlAka. 

BEftoUah  spring  (FMn- 
oniofy). 

Lngtli. 

BrMdtiL 

Length. 

Bnadth. 

Length. 

Braedth. 

1 

9fW»    «W* 

29.60 
2a  20 
24.80 
2a  16 
2a  60 
2a70 
26.20 
2a  12 
24.50 
80.40 
ia70 
2a20 

2a  00 

17.80 
17.00 
21.00 

ia60 

20.60 

Okfll. 

aoo 
a  60 
a  80 
aso 

11.20 

ia22 

10.90 

aoo 
a  80 

ll.6(]t 

a70 

laoo 

a  60 

7.12 
7.60 

a  80 

7.10 

a  52 

ia6o 

28.04 
24.08 

laoo 

27.16 
2a  60 
2a  20 
26.80 

2a  00 

28.04 
28.48 
2a  88 
27.00 
24.50 
2a  50 
20.40 
2a  70 
23.70 
29.24 
26.70 
2a  10 
27.62 
29.42 
29.88 
3a  10 

7.82 
a  14 

iao6 
a64 

1L64 
11.68 
11.60 
1L82 
11.70 

iai6 

ia40 

a  64 

11.92 

ia48 

11.40 

a  24 

1L80 

iao6 

ia24 

a44 

ia66 

1L76 
11.50 

iao4 
ia6o 

m.  tn.. 
ia60 
2a  46 

laoo 

22.12 
21.10 

laoo 

22.36 

2a  10 
ia8o 

14.84 

ia86 
ia84 
laeo 
iao6 
laoo 

22.80 
22.24 

laoo 
ia78 
ia82 

2L44 
ia28 
21.88 
2a  62 

fl».  Ilk 
7.80 

s 

10.74 

8 

7.72 

4 

a50 

6 

&40 

6 

a  70 

7 

8.80 

8 , 

iai2 

0 ^ 

7.60 

10 

a94 

11 

7.08 

12 

7.42 

18 

a  70 

14 

9.00 

15 

a20 

16 

a92 

17 

9«20 

18 

aos 

19 

ao4 

20. 

a72 

21 

10.00 

22 

a22 

23 

0.60 

24 

10.90 

25 

ATimgo 

2a  28+ 

a884- 

2a  82+ 

ia92+ 

ia404- 

a5<4- 

Tablb  XI.— P^yM  gyrina  Say. 


Vunber. 

SiJtLf&keGily 
(pondt). 

Promontory  (Bnek- 
lehSpr&gs). 

Length. 

Bmdth. 

Length. 

Brendth. 

laoo 

20.82 

laoo 
ia24 
ia5o 
ia84 
ia60 

mm. 

a86 
11.68 
ia42 

ia60 
a  12 
a  70 

ia60 

mm. 

laao 

14.24 

laoo 

14.32 
17.60 

iai2 
laoo 

aso 

7.48 

a88 

a  74 

as2 

7.70 

7.64 
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Tablb  XI. — Phy^a  gyrina  Say — Continued. 


Knmber. 

Salt  Lalte  City 
(pondB). 

PromontoiT  (Brack- 
ish  Sprmgs). 

• 

Length. 

Breadth. 

Length. 

Breadth. 

16.28 
10.26 
17.80 
22.70 
1&24 
19.00 

9.50 
10.90 

9.88 
18.26 
11.00 
11.16 

mm. 
14.74 
13.64 
18.00 
18.08 
1&74 
13.84 
17.34 
17.94 
18.44 
20.64 
1&96 
20.70 
2L20 
21.82 
1&76 
17.28 
14.42 
16.80 
16.60 
15.82 
16.82 
13.80 
1&66 
20.70 
ia60 
16.60 
16.20 
20.50 
21.84 
17.32 
15.80 
15l60 

mm. 
7.20 

7. 00 

6  16 

9.04 

8.38 

■•••••••••••«•■••••■■••.■••«•••■•■•••<*•>•••.•••••«. 

6.62 

a40 

8.60 

8.00 

9.14 

9.40 

9.48 

9.12 

9i74 

9.1« 

7.88 

7.04 

7.40 

7.50 

7.10 

7.00 

6.88 

8.16 

8.88 

9.30 

7.46 

7.20 

9.50 

9.50 

• 

7.30 

6.80 

7.78 

1&56— 

10.67  — 

1&60 

7.90 

ly  summarized  the  resalts  of  the  measurements  are  as  follows. 
'^  the  size  (linear)  of  Pampholyx  effusa  in  brackish  water  (Pyra- 
^ke)  is  to  its  size  in  fresh  water  (White  Pine)  as  72  to  100.  The 
Limnophyaa  palMStris  in  brackish  springs  (Promontory)  is  to  its 
fresh  water  (Honey  Lake)  as  85  to  100.  The  size  of  Physa  gyrina 
ikish  springs  (Promontory)  is  to  its  size  in  fresh  ponds  (Salt 
!ity)  as  84  to  100.  Brackish  water  is  thus  correlated  with  depau- 
n. 

[id,  comparing  Pampholyx  effusa  from  Anaho  Island  (Lower  La- 
),  White  Terrace  (Upper  Lahontan),  and  White  Pine  (recent),  the 
'  size  is  63 :  88 :  100.  The  size  ratio  for  Eelisoma  trivolvis  from 
Desert  (semi-fossil)  and  Warm  Spring  Lake  (recent)  is  56 :  100, 
3  is  affected  by  the  exceptional  warmth  of  the  latter  locality, 
leck  recent  specimens  of  Limnophysapalustris  from  Honey  Lake 
arm  Spring  Lake  are  compared,  yielding  a  size  ratio  89: 100. 
aeration  is  thus  correlated  with  the  Quaternary  conditions. 


physiologic  effects  of  sudden  introduction  of  marine  mollnsks 
«h  water,  chr  of  fresh- water  forms  into  strongly  saline  waters,  are 
r.    The  result  in  either  case  is  the  death  of  the  shells  so  treated. 

(389) 


36 


MOLLUSCA   OF  THE  OBEAT  BASIN. 


IBUI&.IL 


But  the  shock  produced  by  sadden  transfer  may  be  measorably  avoided 
by  a  gradoal  change  in  the  salinity  or  freshness  of  the  water. 

On  this  point  Bendant  long  since  conducted  some  valuable  exjieii- 
mentSy  the  results  of  which  have  been  tabulated,  as  follows,  by  Semper :" 

Tablb  XLL^EaepermenU  wUk  FreA-waiUr  Mdlkuea. 


Ki 


of 


LiiiuuBa  BtegnaUs... 
LiniDsa  snneiilaris. 
LimiMM  palnstriii . .. 

Phyaa  f ontinalis 

Planorbis  oomeiu . . . 
Planorbis  CBriii*tii«. . 
^Unorbis  vortex. . . . 
A  ncyluB  Ucattrlt . . . 
Palndins  rivipank. . . 
Paladin*  tentaenlato 
Paladin*  obtoaa  — 
Keritina  flaviatiliB.. 

TTolo  pictonun 

Anodonta  cygnea . . . 
Cyclaa  cornea 


a 
a^ 


Kumber  on  Joly  16, 


SO 
80 
M 
00 
SO 
60 
60 
60 
SO 
60 
60 
60 
20 
16 
40 


I 


ai 

19 


84 

S7 


42 

S7 
17 
11 


M 
O 

It 

I 

.9 


17 
27 
27 
10 
SI 


24 
S6 

SO 
SI 
13 
10 


Vomber  «m  Oeto* 
borl6L 


10 
U 

22 
17 
15 
19 


SI 
SI 
87 

26 
8 
7 

IB 


1 


IS 
U 
19 
21 
U 
16 


U 
17 


Table  XJIL— AgMriaiaift  wUh  MaHme  MoUumn. 


Kaaes  of  ■peolaa. 


Patella  volflata 

Tarbo  neriloideB 

Parpora  lapiUoa 

Aroabarbata 

Venua  macolata 

Cardiam  edole 

Ottreaedalls 

MytUnsedalla 

Balaoas  striatas • 

FlMorella  ancipoAa , 

HaUotis  tubeioalata 

Baccinam  nndatom 

TelliDa  iacama^k 

Peoten  varioa 

Cbama  laoarna 


II 

|5 


80 
60 
80 
SO 
SO 
80 
16 
80 
21 
80 
16 
20 
80 
90 
10 


Knmber  on  Jane  L 


i 


23 
39 
28 
23 
26 
26 
16 
30 
19 
21 
IS 
17 
24 
19 
9 


I 

.a 

A 


21 
37 
26 


21 
18 
SO 
21 
18 
11 
IS 
81 
7 
6 


Knmber  on  Sep* 
Iemberl6. 


I 

s 


10 
22 
19 
17 
18 
17 
14 
30 
18 
U 

6 
U 
18 
U 

8 


U 
26 
17 
18 
16 
16 
11 
38 
19 


In  the  first  place,  experiments  were  conducted  with  reference  to  the 
physiologic  effect  of  sudden  transition  from  fresh  to  salt  water.  8ut>- 
sequently,  at  Marseilles,  the  reverse  experiment  was  tried,  and  nnmer- 

"Fi(Ie  Animal  Life,  1881,  p.  439. 
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ons  speoimens  of  Mediterranean  mollusca  were  suddenly  transferred  to 
fresh  water.  In  both  cases  the  experiments  were  repeatedly  varied, 
until  finally  the  results  set  forth  in  these  tables  were  exhibited.  It  is, 
however,  to  be  observed  that  marked  increase  in  salinity  eventually 
produced,  in  some  instances,  a  result  similar  to  sudden  transfer.  At 
the  end  of  the»  experiments  none  of  the  fresh- water  Lamellibranchiata 
were  living,  while  the  Limnceida  were,  on  the  whole,  well  represented. 
The  experiments  began  on  May  1  and  terminated  October  15.  At  the 
commencement  340  specimens  of  various  limnaeid  genera  were  placed  in 
fresh  water,  the  salinity  of  which  was  gradually  increased  from  0  to  4 
per  cent.  There  were  then  living  140  individuals,  or  little  more  than 
41  per  cent,  of  the  whole.  Of  the  15  species,  belonging  to  as  many 
genera,  of  marine  shells  with  which  he  subsequently  experimented, 
commencing  with  January  1  and  concluding  September  15  following, 
6  had  no  survivor  after  15  days  in  water  which  was  quite  fresh.  Of 
the  whole  number  of  specimens,  391,  little  more  than  42  per  cent.,  165, 
were  living.  One  genus — Mytiliu — represented  by  30  individuals,  had 
survived  in  undiminished  numbers.  Its  power  of  endurance  is  seen, 
consequently,  to  be  unusually  great. 

Notwithstanding  several  months  intervened  between  the  beginning 
and  end  of  Bendant's  experiments,  it  remains  to  be  noted  that  these 
conditions  were  produced  by  him  within  a  period  which,  compared  to 
the  time  required  to  produce  in  Lake  Lahontan  exactly  equivalent  con- 
ditions, was  inflnitesimally  small.  The  artificial  introduction  of  small 
quantities  of  salt,  or  of  salt  water,  in  order  to  induce  desired  changes 
in  environment,  could  proceed  with  something  like  regularity,  but  in 
the  great  body  of  water  composing  Lahontan  or  Bonneville,  the  same 
result  could  be  reached  only  through  evaporation,  a  process  extending 
through  long  periods  of  time,  during  which  climatal  changes  frequently 
intervened  to  freshen  the  gradually  contracting  lake.  The  full  biologic 
expression  of  these  changes  could,  therefore,  only  be  sought  in  genera- 
tions widely  separated  in  point  of  time.  During  their  march  each  suc- 
ceeding generation  must  have  acquired  something  of  the  power  of  re- 
sistance developed  by  its  ancestry.  But  whatever  of  vital  force  was 
abstracted  from  the  general  organism  to  offer  protective  aid  to  the 
maintenance  of  life,  as  against  the  new  unfavorable  element  in  en- 
vironment, must  have  deprived  some  other  specialized  organs  of  fall 
IK>wer  to  exercise  their  functions.  With  this  transfer  of  vital  energy, 
we  believe,  came  its  biologic  expression— depaux>eration. 

The  final  result  of  Beudant's  experiments,  in  which  he  had  marine 
and  fresh-water  mollusca  living  together  in  fresh  water,  was  a  condition 
which  held  true  for  certain  portions  of  the  ancient  Laramie  Sea  of 
North  America.  From  strata  of  Laramie  age  are  described  many  ma-< 
rine  and  fresh- water  species  so  associated  as  to  necessitate  the  conclu- 
sion that  they  were  co-existent.  In  these  beds  are  found  several  species 
of  UnionidcB  genetically  related  to  Tarioms  species  now  found  in  the 
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Mississippi  Basin.^'  TInio  is  very  susceptible  to  changes  in  enviioii- 
ment,  and  appears  to  respond  to  tbem  with  extreme  rapidity.  Kever- 
theless,  certain  species  live  in  brackish  water,  as  seen  in  the  Brisbane 
Eiver,  in  eastern  Australia,  where  Unio  is  found  in  stations  the  fresh- 
ness of  which  is  solely  dependent  upon  the  heights  and  times  of  tides. 
In  the  Livonian  Oulf,  OyclaSy  Unio,  and  Anodonta  live  associated  with 
Tellina  and  Venus.  Many  species  of  Neritina  inhabit  alike  brackish 
and  salt  water,  especially  in  the  Philippines.^'  In  the  Laramie  steita 
are  found  examples  of  the  Strepomatidce^  the  specimens  ranking  under 
the  genus  Ooniohasis,  now  exclusively  confined  to  waters  entirely  fresh, 
and  not  found  in  waters  close  to  the  sea,  even  when  abounding  in  the 
upper  portions  of  many  Atlantic  rivers.  While  a  full  discussion  of 
these  and  allied  facts  is  here  impracticable,  sufficient  data  are  presented 
to  justify  the  hypothesis  that  increase  in  salinity  finds  a  biologic  expres- 
sion (a)  in  depauperation,  {h)  in  lessened  abundance,  and  (o)  in  extinc- 
tion when  the  water  becomes  briny. 

DEPAUPERATION  VeVSUS  TEMPERATURE. 

There  is  a  second  factor  entering  into  the  solution  of  tJie  problem 
presented  by  the  fossils  studied.  This  second  factor,  like  the  first,  is  a 
variable,  but,  unlike  the  first,  reaches  its  extremes  in  flEu:  less  periods 
of  time.  This  factor  is  temperature.  Gilbert  has  shown  ^^  that  Lake 
Bonneville  is  the  expression  of  a  climatal  episode  consisting  of  two 
humid  maxima,  and,  reasoning  by  analogy,  has  correlated  its  varying 
stages  with  a  variable  precipitation  intimately  connected  with  the  tem- 
perature changes  of  the  Quaternary  and  its  great  ice-fields.  In  LaJioD* 
tan  a  similar  history  is  exhibited  by  the  investigations  of  Bussell,^  and 
if  the  Lahontan  tufa  epochs  have  been  correctly  correlated  with  humidity 
epochs,  it  is  also  expressed  by  the  varying  abundance  of  Pwnpholyx,  as 
above  indicated.  In  Bonneville  no  series  of  fossils,  correlated  with  its 
varying  stages,  have  been  found,  the  characteristic  fossils,  AmniGola 
porata  and  A.  oincinnatiensiSy  being  found  only  in  beds  of  Upper  Bonne- 
vilie  age,  and  are  not  known  to  be  living  within  the  area. 

The  minimum  temperature  to  which  certain  linmaBid  forms  may  be 
subjected,  and  survive,  is  remarkable.  LimncBa  stagnalis  has  been  actu- 
ally frozen,  but  revived  again  on  increase  of  temperature.  A  similar 
condition,  or  a  nearly  similar  one,  is  annually  produced  in  shallow  ponds 
and  ditches  within  the  more  northern  United  States,  but  every  spring 


1*  See  White  on  "Antiquity  of  certain  Subordinate  Types  of  Fresh-water  and  Land 
Mollusca."    Am.  Jour.  Sci.,  1880,  Vol.  XX,  44. 

See  also  ''Non-marine  Fossil  Mollusca  of  North  America."  Third  Ann.  Report  U. 
8.  Geological  Surrey,  pp.  472-477,  1881>'82.    Also  issued  separately. 

^3  Vide  Animal  Life,  Semper,  pp.  434-435,  for  authorities. 

^^In  Second  Annual  Report  of  the  U.  S.  Geological  Survey,  '' Contribotions  to  the 
History  of  Lake  Bonnerille." 

>* Third  Annual  Report  U.  S.  Geological  Survey,  ''On  Lake  Lahontan,''  pp.  ld5-235^ 
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they  again  teem  with  the  old  shells  of  the  preceding  years.  It  is  matter 
of  common  observation,  despite  the  pulmonate  character  of  the  family, 
to  see  Physa  and  Ltmnaphysa  crawling  upon  the  bottom  of  ponds  wholly 
frozen  over.^'  The  principal  effect  of  a  lowering  of  temperature  is  com- 
plete or  partial  loss  of  power  of  assimilation,  expressed  by  checks  in 
growth.  The  lowest  thermometric  range  compatible  with  assimilation 
in  Limfuea  stagnalia  was  found  by  Semper^''  to  be  12<^  0.  Ohill-coma  re- 
sults whenever  the  temperature  falls  below  a  certain  critical  point, 
which  varies  considerably  for  different  forms.  The  optimum  tempera- 
ture range  for  most  fresh-water  moUusca  is  small,  but  greater  for  the 
LimncBidw  than  for  any  other  family.  The  biologic  expression  of  this 
law  over  wide  latitudes  is  obvious  in  the  varying  abundance  and  size 
of  the  different  forms ;  and  analogy  warrants  the  assumption  that  it 
holds  true  for  hypsometric  distribution  also.  But  it  is  not  necessary 
to  depend  altogether  on  analogy,  for  there  have  been  placed  in  my 
hands  series  of  shells  from  springs  of  wide  range  of  temperature  and 
also  from  lakes  and  ponds  of  varying  altitudes.  Table  XIY,  together 
with  Plate  V,  Diagram  I,  is  based  upon  shells  from  localities  of  widely 
varying  altitudes. 

Table  XTV. — Physa  ampullaeea  Gould. 


B^mnbOT. 


1. 

a. 

8. 
4. 

6. 

6. 

7. 

8. 

9. 
10. 
U. 
12. 
18. 
U. 
16. 
16. 
17 
18. 


LitUe  Gull  Lako. 


Length. 


11.44 
13.60 
1L82 
1X80 
18.72 
18.23 
10.80 
18.00 
12  80 
18.76 
I&IO 
16.00 


Breadth. 


6.40 
0:10 
7.00 
&00 
8.88 
0.20 
6.86 
0.82 
&62 
8.60 
10.20 
0.44 


ATenge 


12.07 


8.45 


ChorohLake. 


Length. 


MM. 

14.18 
1&I6 
18.08 
17.84 
lflw22 
16.00 
14.84 
14.80 
16.60 
14.06 
12.62 
16.40 
18.38 
14.00 

laeo 

12.06 
14.72 
16.20 


14.08 


Breadth. 


0.16 
10.60 
1L68 
10.68 
10.60 
10.24 

0.44 

iao6 

10.60 
0.24 
&80 

10.70 
a68 
0.18 
0.24 

a  12 

8.08 
10.04 


0.81 


Planorbi8y  lAmnopkym^  and  Physa^  from  Little  OuU  and  Parker's  Lakes 
in  the  Mono  Basin,  Galifomia,  at  an  elevation  of  from  7,000  to  7,500 
feet,  present  variant  features  clear^  connected  with  station.  The  shells 
are  exceedingly  light  and  fragile,  and  below  the  normal  size  of  fully 


*^he  irriter  has  also  coUected  liying  Unio  ventrioonM,  U.  luteolus,  and  U,  rubiginosuB 
in  the  Des  Moines  River,  Iowa,  at  Des  Moines,  in  January,  1883.  They  were  taken 
Arom  shallow  water  over  a  bar,  the  ice  reaching  nearly  to  the  bottom. 

».Lod.  oU.,  p.  106. 
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developed  adalts."  Parker's  Lake  is  especially  oold,  becaoae  snow-fedf 
bat  since  the  most  extensive  series  come  fipom  Little  Onll  Lake,  meas- 
urements based  upon  specimens  from  it  are  alone  presented.  Gk>mpared 
with  the  same  species  from  Ohnrch  Lake,  near  Salt  Lake  City,  Utah, 
with  an  altitude  of  about  4,300  feet,  the  average  size  is  seen  to  be  raucb 
less.  The  ratio  of  lengths  is  ^  aud  the  ratio  of  widths  ^.  BeJbmng 
again  to  Tables  IX  and  X,  pages  33  and  34,  containing  the  measaremeots 
for  HelUoma  trivolvis  and  LimnophyM  palustris,  additional  evidence  of  a 
kindred  nature  is  exhibited.  In  the  case  of  the  Warm  Spring  Lake  spec- 
imens, particularly,  is  to  be  seen  the  effect  of  a  higher  temperature,  for 
the  annual  mean  of  a  small  lake  fed  by  warm  springs  must  be  always 
quite  above  the  minimum  essential  for  assimilation.  The  process  of 
growth,  under  such  favorable  conditions,  is  either  extended  over  greatflr 
periods  of  time  or  proceeds  more  rapidly  during  its  continuance.  TIus 
would  appear  to  be  almost  the  sole  explanation  of  the  gigantic  propor- 
tions exhibited  by  the  Warm  Spring  Lake  specimens. 

A  similar  effect  has  been  noticed  in  Oaniobasis  carinifera  and  Gonr 
iobaHs  heUaj  both  being  species  which  abound  in  the  brooks  and  springs 
of  the  northern  portions  of  Georgia  and  Alabama.  Often,  within  a  few 
feet  of  each  other — ^the  one  station  a  spring,  the  other  a  brook — the  differ- 
ence in  size  is  marked.  Some  observations  made  by  Mr.  T.  H.  Aldrich, 
in  north  Alabama,  seem  to  indicate  that  in  springs  this  genus  does  not 
hibernate  as  it  does  in  brooks  and  rivers.  The  only  assignable  reason 
appears  to  be  that  the  mean  temperature  of  such  springs  does  not 
widely  vary.^ 

In  only  one  instance  has  it  been  possible  to  make  comparative  meas- 
urements of  fossils  from  the  Bonneville  area ;  but  in  that  case  they  are 
based  upon  a  species  now  existing  under  circumstances  quite  different 
frt)m  those  which  probably  completed  the  environment  of  the  fossils 
while  living.  Table  XYI,  upon  which  is  based  Plate  Y,  Diagram  II,  pre- 
sents the  results.  The  fossils  are  of  Upper  Bonneville  age,  and  from 
beds  correlated  with  a  high  stage  of  water,  and  hence  of  increased  pre- 
cipitation, the  climatologic  bearing  of  which  has  been  above  noted. 
The  mean  annual  temperature  of  Utah  Lake  must  be  somewhat  higher 
than  that  of  the  snow-fed  Ogden  Kiver;  and,  moreover,  the  lake  pre- 
sents the  additional  favorable  feature  of  quiet  water.  The  average  of 
the  Ogden  Eiver  specimens  is  below  that  of  those  from  the  lake,  while 
the  fossils  fall  below  both,  though  the  fossils  must  have  enjoyed  prac- 


^o  what  extent  this  is  dae  to  the  snm  of  nneqaal  conditions — e.  g,^  atmospheric 
pressure  combined  with  lower  temperatiire — it  is  impossible  to  state.  Whether  snch 
low  organisms  wonld  respond,  noticeably,  to  differences  of  barometric  prensure,  is 
donbtful.  Decrease  of  temperature  is  x>ositiTely  known  to  cause  depauperation  in 
some  forms,  and  is  here  assumed  to  be  the  chief  factor. 

i0On  this  point  there  is  very  little  known.  So,  too,  of  the  shell  finnna  of  thermal 
■prings.  The  existing  data,  which  appear  to  have  been  exhausted  by  Dr.  A.  C.  Peale 
(in  the  Twelfth  Annual  Report  of  the  Hayden  Suryey,  pt.  ii,  pp.  358, 359),  bear  mainly 
upon  vegetable  forms,  and  in  no  case  upon  shells. 
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tically  fhe  same  fiivorable  oonditioDs  of  volame,  quietnessi  and  food  as 
do  now  fheir  recent  congeners  in  the  lake. 

Table  XYI.— JTumlniwIa/hMO  Haldeman. 


IFiiiiibw. 


1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
U. 
18. 
18. 
14. 
16. 
18. 
17. 
18. 
18. 
20. 


Average. 


Utah  Lake. 


i 

3 


12.60 
11.80 
10.60 
U.73 
10.10 
10.22 

moo 

0.70 
10.60 
1L60 

a  62 

a  70 

12.00 
10.24 
10.80 
10.60 
11.00 
ILOO 


I 


flMM. 

&10 
7.84 
6u40 
7.14 
7.00 
8.00 
7.24 
8  62 
6.62 
a  00 
7.00 
872 
7.80 
860 

aoo 

8.70 
&20 
7.70 


ia78+ 


7.21+ 


Ogden  Biver. 


10.80 
0.88 
9.00 
&70 
0.84 
0.80 
0.86 

10.82 
8.88 
870 
a64 
a64 

ai2 
ao4 
aoo 
a84 
a  70 
a84 
aoo 
a88 
a  78 
a  68 
a  80 
a  28 
a  04 


4 
I 


fiifit. 

800 
7.00 
8  62 
7.10 
8  68 
8  64 
7.10 
800 
800 
a84 

aso 

6.68 
6.82 
818 
860 
a  88 
a80 
818 
840 

« 

800 
812 
800 


BooneYiUe 
foaaOi. 


i 


flMfl. 

a  10 
a  04 
aoo 

7.08 
7.68 
7.80 
a  60 

a34 

7.04 

a  20 
a  10 

860 
7.80 
888 
a44 

a  10 
a  08 

7.82 
7.72 

aoo 
aso 
aoo 

7.24 
880 
7.48 


a24 


888 


823 


fiiffi. 

aoo 

^82 
a58 
860 
&40 
820 
8  40 
6.22 
a  50 
8  32 
8  08 
868 

aoo 

5.70 
860 
850 
8  28 
840 
a  88 
5.34 
810 
5. 68 
4.08 
854 
882 


850 


HYPSOMETRIC   DISTRIBUTION. 

Hypsometric  distribation  has  received  from  conchologists  much  less  at- 
tention than  it  apparently  deserves.  Within  small  areas,  comparatively, 
there  are  presented  by  hypsometry  those  various  physical  conditions 
that  mast  otherwise  be  sought  throngh  several  degrees  of  latitude.  In 
this  connection  no  extended  careful  investigations  have  been  made  to 
ascertain  the  physical  conditions  of  the  extreme  heights  at  which  some 
of  our  mollusca  have  been  found.  But,  reasoning  from  analogy  with 
plants  and  insects,  the  minimum  of  favorable  conditions  should  obtain 
at  great  heights,  and  indeed  that  general  fact  is  sufficiently  indicated  by 
the  paucity  of  genera,  species,  and  individuals  at  high  stations,  in 
France,  however,  an  attempt  in  this  direction  has  been  made  by  Fischer.^ 
He  discovers  that  the  terrestrial  mollusca  of  the  Pyrenees  and  Alps, 
following  the  analogy  of  plants,  thrive  best  at  certain  heights,  and  each 
species  extends  to  an  altitude  beyond  the  upper  limit  of  which  it  does 
not  usually  pass.    The  accompanying  Table  XYII  is  based  upon  his 

••  CeinplM  Btmhu.    Tome  81,  p.  824-406, 1876. 
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results,  in  which  the  names  of  the  zones  as  he  original!  j  applied  them 
are  retained: 

Table  XVIL— jSjetMoiM<Ho  DUtribuHan  cf  European  Uollatoa.^ 


Pyrtotes. 

Alpl. 

1 

Name. 

2 
9 

4 

4 

Hame. 

^1 

i 

BatMMvaXUea,   Limitetupirimire^ 
1,000  m^M.— ZofM  de  VHtUx 
earthutiana, 

Helia  earthutiana^  H.  yariAbliU, 
ChtdoMtoma  sleoanM 

8 

Soma  vaUUt.  lAmiU  twahrimni^ 
1,000  mUrti.-Z<me  de  PHetiec 
earthutiana. 

Saccinea  patris,  S.  oblonga^  He- 
lix earthutiana,  H.  fratioaiii, 
H.  personata,  Oydoetoma  eU- 
gant 

8 
7 

—  * 

HoUiiAqaes  flaviatiles :  Neritina, 
Physa,  Planorbiii,  YalTata,  Pal- 
adma^     Bithynlai    SpluBrinm. 

UOiO.     AlKXHODtA     rrr ^,.   ,,.. 

6 

^H 

Idlolloaqaes  flaviatiles:   Phyaa, 
PlAnorbift,  Paladina,  Bithynia, 
Sphierium,  Unio,  Anodonta 

1 

Dt  1,000  d  1,200  mMrM.— ZofM  d« 
rir«fex  aaperga. 

Limaz  maximiu,  SuMinta  ann- 
aria.  Helix  aspena,  H.  lapieida^ 
Papa  £MineaC  P.  umbiUoata — 

De  1,000  d  1,200  nUtret.^Zone  de 

V  Helix  obvohUa, 
Suednea  arenaria.  Helix  obvo- 
laia,  H.  montaaa,  H.  inoamata* 

S 

4 

i 

g 

D«  1,200  d  1.600  mHru^ZoM  de 
VBelix  limbata, 

Limaz  marglnatas,  Zonites  cel- 
Urina,  Z.f^hmt,  Helix  limbata, 
H.  hitvidafmaiimxis  obaonnis, 

6 

7 

10 
1 

2 

1 

De  1,200  d  1.500  mUret.^Zone  ds 
r  Helix  fonteniaeL 

Zonites  crrstallinas.  Helix  erif 
tortfin,  M.  fontenillei,  H.  la^ 
0wla.  H.  T>alchella -- 

S 

9 

1 

i>0 1.600  d  2.000  mitret.^ZoM  de 
VHdix  fkiemoraUt. 

Arion  empirlcoram,  Limaz  agrea- 
tia,  Tar.  sylvatica,  Heliz  nemor- 
alis,  H.  rupettrii,  H.  erieetorum, 
H.  rotwndata,  OlautOia  duKo, 
Papa  margiziata,  Papa  m^g** 
obeilos,  Pomatia  partioti 

Hollaaqaea  l^aTiatiles:  Anoylna 
flu  viatilia,  Var.  capuloidea 

1 

De  1,500  d  2,000  mHret.—Zone  de 

V  Helix  eidvaHea. 
ZowUee  fulvut,  Helix  sylvatica^ 

raderata,  H.  hitmda,  H.  ciliata, 
H.  edentala^  H.  boloaericea,  H. 
alpina,  H.  pomatia,  OlauiiUa 
duibia ... 

8 

11 

1 

> 

JH  8,000  d  2.600  nUtres.—aSone  ds 

VHAix  earamuUenfis. 
Helix  carasoalenBis,  H.  rabigena. 
Molloaqaea  flaviatiles:  Ti1nin«)a 
Ufflosa  yar.  glaoialis 

1 
1 

De  2,000  d  2,600  mitret.-'Zone  de 
V  Helix  gladaUt. 

Vitrixia  glaclalis,  Y.  pellacidauT. 
nivalis,  Zonite8_petronella,  fia> 
llx   glaclalis,    H.   sonata,   H. 
arbastorum  var.  alpeatris. 

8 

7 

*i  This  table  is  a  modlfloation  of  that  employed  by  Fischer,  loe,  dL     Species  common  to  each 
are  indicated  by  iUUiet, 

The  comparatively  low  altitude  at  which  certain  fresh-water  genera 
occur  is  suggestive  to  students  of  Quaternary  geology,  and,  indeed,  of 
older  strata  in  which  TJniOj  Anodonta^  and  SphcBrium  occur,  as  indicat- 
ing a  probable  low  elevation  for  the  waters  in  which  they  lived.  To 
what  extent  this  inference  is  applicable  to  the  Laramie  beds  would  be 
a  worthy  object  of  inquiry.  The  high  altitudes  at  which  representa- 
tives of  the  LimncHdcB  occurred,  being  found  in  the  highest  zone  in  the 
Pyrenees,  is  exactly  paralleled  in  the  Rocky  Mountains  and  the  Sierra 
Kevada,  within  the  limits  of  the  United  States,  and  in  Lake  Titica<^ 
and  some  other  bodies  of  fresh  water  at  great  heights  in  the  Andes. 
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Among  land  shells  in  North  America  the  representatives  of  extreme 
hypsometric  range  are  Pupa  alticola  and  Vallonia  pulohella — ^the  last 
being  circampolar. 

The  same  conditions  and  results  should  not  be  soaght  within  ^areas 
bounded  by  isotherms  which  may  approximately  represent  the  max- 
imum or  minimum  temperatures  between  which,  for  any  given  species, 
the  process  of  assimilation  is  continued,  for  no  such  inference  can  be 
safely  drawn  from  isothermal  lines,  inasmuch  as  they  mark  the  mean  of 
often  great  extremes,  either  of  which  would  prove  fatal  to  many  classes 
of  mollusks  and  affect  all.  The  mean  of  temperature  does  not  primarily 
affect  animal  life,  but  great  variations  and  extremes  do  sensibly  modify 
it.  Thus,  the  transverse  irregularly  distant  lines  or  tidges  in  many 
mollusks,  called  lines  of  growth,  indicate  the  cessation  and  subsequent 
recommencement  of  the  process  of  assimilation — a  physiologic  function 
dependent  very  greatly  upon  climate.  In  our  climate  most  shells,  land  ' 
and  fresh  water  alike,  hibernate  during  the  lower  temperature  of  winter, 
the  period  of  harmful  minimum  temperature.  Immediately  following 
hibernation  comes  a  period  of  most  rapid  assimilation  and  consequently 
of  growth.  This  alternation  continues  during  the  lifd  of  the  individual. 
But  in  stations  where  the  water  is  below  the»optimum  temperature,  as 
in  Little  OuU  Lake,  Parker's  Lake,  and  other  similarly  elevated  bodies 
of  water,  much  of  the  shell-forming  energy  is  diverted  to  other  uses, 
and  there  results  a  shell  of  great  comparative  lightness,  akin  to  that 
seen  in  shells  from  stations  deficient  in  calcic  carbonate.  The  con- 
stant recurrence  of  this  feature  in  shells  obtained  from  such  stationa 
justifies  the  hypothesis  that  here  depauperation  is  the  consequent  of  a 
temperature  below  the  optimum. 

CONCLUSIONS. 

Briefly  summarized,  the  results  reached  by  this  study  of  the  fossil 
and  recent  shells  of  the  Oreat  Basin  are-— 

(1)  That  the  recent  and  the  fossil  mollusca  are  predominantly  lim- 
nsBid,  a  biologic  expression  of  climate. 

(2)  That  (a)  the  fossil  fauna  is  more  variable  than  the  recent;  (b)  in 
the  Lahoutan  area  being  characteristically  limnseid  (represented  by 
Pampholyx  effusa)^  and  (c)  in  the  Bonneville  area  rissoid  (represented 
by  Amnicola  porata  and  A>  oincinnatienm). 

(3)  That  increase  in  salinity  finds  a  biologic  expression  (a)  in  depau- 
peration, (b)  in  lessened  abundance,  and  (c)  in  extinction  when  the 
waters  become  briny. 

(4)  That  the  oscillations  of  the  lakes  are  coupled  with  (a)  varying 

abundance,  and  {b)  with  varying  size  of  shells,  as  a  biologic  expression 

of  climate. 
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VALVATIDiB. 

Qenns  Valvata  Mliller. 

Valvata  slnoera  yar.  ntahensUi  yar.  noy. 
(PlateVI,  FigB.  1-3.) 

Testa  operonlata,  angcwte  ambilicata,  oonica,  Btriatola,  nitida,  sub* 
I>6]lacida,  apice  corneo-fdlva,  infra  albida^  spira  obtuse  elevata,  apice 
plana;  satora  perimpressa;  anfr.  4,  regulariter  aoorescentes,  sammi 
uni-carinati,  carina  in  anfr.  inferiore  evanescente,  oitimo  anfr.  i>er-ro- 
tondatOy  ^  longitadinis  testae  formanante;  apertara  droularis,  postice 
sabangnlata;  peristoma  simplex,  ad  proximam  anfr.  callo  tenoissimo 
jancta;  intos  albida. 

HaMtat — Lake  Utah,  Utah. 

Long.,  4.80°>™  ,•  lat.,  3.20™». 

Shell  operculate,  narrowly  umbilicate,  conical,  with  minnte  transverse 
strisB,  shining,  somewhat  pellucid,  yellowish  horn  color  at  apex,  white 
below ;  spire. obtnsely  elevated,  flattened  at  tip;  snture  well  impressed; 
whorls  four,  convex,  regularly  increasing,  the  uppermost  ones  with  a 
single  well-marked  carina,  which  becomes  obsolete  on  the  last  whorl ; 
last  whorl  equals  one-half  the  whole  length  of  the  shell;  aperture  circu- 
lar slightly  angled  posteriorly ;  peristome  simple,  continuous,  joined  to 
the  next  whorl  above  by  a  very  slight  calcareous  dex>osit ;  within  white. 

Operculum  light  horn  color,  comeus,  spirally  multi-volute,  slightly 
produced  posteriorly  to  conform  to  the  shape  of  the  ax>erture.  Denti- 
tion unpublished. 

Length,  4.80°>™ ;  breadth,  3.20"»». 

This  form  was  dredged  in  August,  1883,  in  great  numbers  in  Utah 
Lake,  near  Lehi,  not  far  from  the  head  of  the  Biver  Jordan.    It  is  inter- 
mediate between  Valvata  sincera  Say  and  V,  virens  Tryon.    From  the 
'  first  it  differs  in  the  uni-carinate  upper  whorls,  in  being  more  elevated, 
in  possessing  a*  very  much  smaller  umbilicus,  and  in  its  greater  size. 
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From  the  second  it  differs  in  color,  size,  cariuation,  and  form  of  aper- 
tore.  It  resembles,  in  some  respects,  V.Mnicarinaia^  De  Kay  (=F.  tri- 
earinata  Say),  bat  differs  in  size,  ornamentation,  and  form  of  apertare. 
Specimens  may  be  seen  in  the  Smithsonian  Institntion,  in  the  New  York 
State  Museum  of  Natural  History,  and  in  the  private  collections  of 
Beecher,  Stearns,  Dall,  Aldrich,  and  the  writer. 

• 

BISSOIDiB. 
Genus  Amnioola  Gould  &  Haldeman. 

Amnlaola  daUi  sp.  nor. 
(Plftte  YI,  Figs.  4-«.) 

Testa  anguste  umbilicata,  obtuse  conica,  nitida,  leviter  striata,  fhsca 
vel  virido-comea;  anfr.  4,  convexi,  lente  accresoentes;  sutura  regulariter 
impressa,  sub-profunda;  apertura  ad  basim  rotundata,  postice  sub- 
angulata,  intus  caeruieo-albida;  peristoma  simplex,  acutum,  marginibus 
crassocallojunctis;  margo  columellaris  subreflexus. 

Long.,  3.50™ ;  lat.,  2.30™". 

HdbitaU — Mountain  streams,  Kevada. 

Shell  narrowly  umbilicate,  obtusely  conici^,  shining,  slightly  striated, 
brown  or  greenish  horn  color;  whorls  four,  convex,  gradually  increasing 
in  size;  suture  regularly  impressed,  somewhat  deep;  aperture  rounded 
before,  somewhat  angular  behind,  bluish  white  within;  lip  simple, 
sharp,  margins  joined  by  a  thick  callous,  columella  rather  reflexed. 

Length,  3.60«^;  lat.,  2.30»»». 

For  the  diagnosis  of  the  lingual  dentition  I  am  indebted  to  Mr.  Charles 
E.  Beecher,  who  has  prepared  the  following  description  and  illustra- 
tions : 

<<  Jaw  thin,  membranaceous. 

"Odontophore  1.10""»  long,  .13""  wide.  In  a  full-grown  example 
the  odontophore  has  94  transverse  rows  of  teeth,  with  the  formula 
3  -1  -3. 

'^Bhachidian  tooth  short  and  broad,  with  the  inferior  lateral  angles 
produced.  Cusp  with  seven  denticles,  of  which  the  central  one  is  the 
largest.  The  anterior  lateral  fiuses  are  each  fiirnished  with  a  short  strong 
conical  denticle,  ^nd  the  adjacent  lateral  margin  of  the  tooth  is  thickened 

and  slightly  produced.    Formula  for  rhachidian  tooth  as  "j    "j"  . 

1+1 

^^Body  of  intermediate  tooth  quadrate;  iufero-interior  angle  some- 
what produced;  furnished  with  a  large  buUation,  into  which  the  infero- 
interior  angle  of  the  succeeding  tooth  appears  to  fit  as  if  for  articulation. 
Peduncle  long  and  straight  Ousp  with  seven  strong  angular  denticles, 
arranged  according  to  the  formula  2+14-4. 

*<  Body  of  the  first  lateral  tooth  elongate-triangular,  oblique  to  the 
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direction  of  the  broad  pednscle.    Onsp  inflected  and  carrying  twenty- 
three  slender  denticles. 


34-23- 


<*  Outer  lateral  tooth  hamate,  with  no  marked  distinction  between  the 
body  and  peduncle.  Free  extremity  incnrred  and  bearing  thirty-fonr 
minote  denticles.    The  denticle  formala  is,  therefore— 

"The  apparent  articiilation  of  the  intermediate  teeth,  as  described 
above,  was  observed  in  a  fragment  of  an  odontophore  which  presented 
a  lateral  aspect  nnder  the  microscope.    It  is  not  known  that  this  fea- 
ture has  ever  been  noted  inan^  other  species,  although  it  very  pioba~ 
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bly  occars  in  many  which  have  foraminated  or  bullate  teeth.  This 
disposition  of  the  teeth  wonid  allow  great  flexion  of  the  odontophore 
without  their  displacement" 

This  quite  distinct  form  was  collected  in  considerable  numbers  at 
Symon's  Stage  Station,  near  the  foot  of  Pyramid  Lake,  Nevada.  Its 
nearest  congener  is  A.porata  Say,  from  which  it  differs  in  elevation^ 
sculpturing,  and  dentition.  Since  this  last  character  is  the  one  of  chief 
importance,  the  description  of  the  dentition  is  here  given.  Gomparinj; 
the  denticle  formulae  of  the  two  forms,  thus: 

A.  parafu. 

A.  dalK. 

34-14-3 
34-23- T-^Y^^y^- 7-23-34, 

fhe  dissimilarity  is  strongly  marked.  Specimens  may  be  seen  in  nu- 
merous private  collections  and  in  the  cabinets  of  the  Smithsonian  Insti- 
tution and  the  Kew  York  State  Museum  of  Natural  History. 

LDfNiBID^. 
Genus  Radix  Montfort 

Radix  ampla,  var.  ntahimtrii^  vw.  nov. 

(Plato  VI.  Pigs.  7-9.) 

Testa  globosa,  sub-umbilicata,  irregulariter  costata,  comeo-albida^ 
sub-pellucida;  spira  parvula,  conica;  anfr.  4-4L^,  convexi,  supra  valde- 
plani,  rapide  accrescentes,  ultimo  inflate,  cum  transversis  costatis  per- 
spicatis  minutissime  corrugatisque ;  sutura  snb-profunda,  regulanter 
impressa;  apertura  elongato-ovata,  effusa,  intus  margarita-alba ;  la- 
brum  simplex,  marginibus  callo  junctis ;  columella  reflexiuscula,  antice 
recta. 

Long.  13.40°"» ;  lat  7.10™™. 

Aper.  long.  9.00"" ;  aper.  lat.  6.90™". 

Habitat,  Lake  Utah,  Lehi,  Utah. 

Shell  globose,  somewhat  umbilicated,  irregularly  costate,  light  horn 
color,  nearly  pellucid ;  spire  rather  small,  conical ;  whorls  four  to  four 
and  one-half,  convex,  somewhat  flattened  above,  giving  rather  a  shoul- 
dered appearance  to  the  whorls,  rapidly  increasing  in  size,  the  last 
whorl  being  inflated,  with  numerous  rather  marked  transverse  costae^ 
minutely  wrinkled ;  suture  somewhat  deep,  regularly  impressed ;  aper- 
ture elongately  ovate,  effuse,  approaching  pjatulous,  i>early  white 
within ;  outer  lip  simple,  the  margin  connected  by  a  slight  calcareous 
deposit ;  columella  somewhat  twisted,  but  straight  in  firont.    Dentition 

«^fter  Stimpson,  Smithsonian  Miso.  CoU.  No.  601,.  p.  14,  Fig.  6;  also  iMd.,  No.  144^ 
p.  80,  Fig.  158. 
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unpublished.  Length  of  largest  specimen  16.82°^;  breadth  S-SS"". 
The  average  of  nine  specimens  gave  a  length  of  13.40"™,  breadth 
T-IO*"*",  with  about  the  same  ratio  for  corresponding  measnrementB  of 
apertore.     Utah  Lake,  near  Lehi,  Utah. 

This  is  a  rare  form  in  Utah  Lake,  its  only  locality  so  far  as  known. 
Its  nearest  affinity  is  indicated  in  the  nomenclature  adopted.  In  the 
preceding  chapters  its  relation  to  PoU^hyHs  MnffU  Meek,  has  been 
noted.  It  was  associated  with  abandant  specimens  of  the  Valvaia  herein 
described,  and  with  Fluminioola  ftuca  Hald.,  and  S^harium  dentatwm 
Hald.    Specimens  may  be  seen  as  above. 

Oenns  Lymnophtsa  Fitdnger. 

Iiimnophysa  boimevlIleiiflUi,  sp.  noy. 
'   (Plate  VI,  Pigs  10-13.) 

Testa  umbilicata,  elongata,  ventricosa  vel  bollata,  solidnla,  obsolete 
striata,  minntissime  reticulata,  in  anfr.  infra  suturam  ultimo  longitadi- 
naliter  obsolete  costulato;  spira  elevata,  acuta;  sutura  perimpressa; 
anfr.  4-4^,  per-convexi,  ultimo  |  longitudinis  test®  adsequante  et  subito 
accresente,  ventricosa,  basi  subexpanso ;  columella  subplicata,  leviter 
callosa,  regulariter  arcuata;  columella  peristomateque  continnatis; 
peristoma  simplex,  marginibuscallo  crasso  junctis ;  apertura  late-ovalis, 
i  totitts  longitudinis  »quans,  satis  obliqua,  postice  angulosa. 

Species  fossilis,  BonnevUle  Lake  beds,  Utah.    Quaternary. 

Shell  umbilicated,  elongate,  ventricose  or  bullate,  somewhat  solid, 
faintly  striate  and  very  minutely  reticulated,  below  the  suture  the 
last  whorl  bearing  faint  longitudinal  ridges  or  costsB ;  spire  elevated, 
acute ;  suture  deeply  impressed ;  whorls  4  to  4j^,  very  much  rounded, 
sometimes  tending  to  geniculation  above,  the  last  whorl  equal  to  three- 
fourths  the  whole  length  of  the  shell,  rapidly  increasing  in  size,  much 
swollen,  somewhat  expanded  at  base;  columella  somewhat  plicate, 
slightly  callous,  regularly  arcuate;  columella  and  ]>eristome  continu- 
ous; x>6ristome  simple,  margins  joined  by  a  heavy  callous  which  is  con- 
tinuous and  so  reflexed  as  to  partially  close  the  umbilicus ;  aperture 
broadly  ovate,  often  patulous,  equal  to  one-half  the  entire  length  of  the 
shell,  oblique,  angled  slightly  behind. 

Fossil,  Quaternary.    Bonneville  Lake  beds,  Kelton,  Utah. 

The  four  largest  specimens  of  the  many  in  the  collections  give  the 
following  dimensions : 


Speoimen. 

Length. 

Brandtb. 

I 

UwOO 

ILOO 

0.40 

l&OO 

7.9 

2 

&.§l 

8 

BlM 

4 

in 
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This  shell  resembles  depaaperate  examples  of  L.  aumassiy  Baird  (var. 
P.  paltutris  Miiller),  bat  differs  in  not  presentiDg  a  decassate  surface, 
and  in  the  columella  being  less  strongly  plicate.  The  greater  nnmber  of 
specimens  are  somewhat  malleated,  tiioagh  occasionally  quite  smooth 
specimens  occur  which  approach  ueorcst  to  L.  deHdiosa  Say.  Many 
present  a  patulous  aperture,  in  which  respect  they  resemble  specimeus 
of  the  genus  Radix  rather  than  true  Idmnqphysa,  The  general  outline 
of  the  specimens  is  that  of  L.  adelincB  Tryon.  Collected  abundantly  by 
Mr.  G.  K.  Gilbert,  in  Upi>er  Bonneville  beds,  at  Kelton,  Utah. 
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farinegi 42 

marginataS • 42 

megacheiloB • 42 

musoorum 22,23,24 

umhilicata ..^ 42 

Pupida 22,23,24 

PvpiUa   22,23 

altioola 43 

oorpuleHta 24 

murcorum 22,24 

Pyramid  Lake,  salinity  of 31 

Pyrenees,  hypsometric  distribution  of  mollusca  in  the 41, 42 
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Plate  II. 

Each  conventional  sign  represents  a  shell,  and  its  position  lepresents  the  dimensiona 
of  the  shell.  The  lengths  are  found  by  reading  from  below  upwards ;  the  breadths  by 
reading  from  left  to  right.    The  marginal  numbers  represent  millimeters. 

The  average  of  the  given  series  is  represented  by  the  closed  conventional  sign. 

DIAGRAM  1. 

Based  upon  Table  VI,  page  31.    Pompholyx  effttsa  Lea. 

The  circles  represent  specimens  fh>m  Pyramid  Lake,  Nevada ;  the  squAres  speci- 
mens from  White  Pine,  Nevada./ 

DIAQRAM  2. 

Based  upon  Table  VII,  page  32.    Pompholyx  effuea  Lea. 

The  circles  represent  fossil  shells  from  the  gray  tufa,  Anaho  Island,  Pyramid  Lake, 
Nevada ;  the  squares  fossil  shells  from  the  marl  at  White  Terrace;  and  the  triangles 
represent  living  sheila  fh)m  Pyramid  Lake,  Nevada. 
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Plate  III. 

Eaoh  oonventional  sign  represents  a  shell.  The  lengths  are  fonnd  by  reading  from 
below  upwards ;  the  breadths,  by  reading  from  left  to  right.  The  marginal  niimben 
represent  millimeters. 

The  average  of  the  given  series  is  represented  by  the  closed  oonyentional  sign* 

DIAQRAM  1. 

Based  upon  Table  VIII,  page  32.     Carin\fex  newberryi  Lea. 

The  circles  indicate  fossil  specimens  from  the  soath  end  of  Winnemnoca  Lake,  Ne- 
vada ;  the  squares  represent  semi-fossil  shells  from  Christmas  Lakesi  Oregon. 

DIAORAM  2l 

Based  upon  Table  IX,  page  33.    Selitama  trivolvU  Say. 

The  circles  indicate  shells  from  Warm  Spring  Lake,  Utah ;  the  squaiea,  aemi-fossila 
from  Carson  Desert,  Nevada. 
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Platb  IV, 

Each  oonventional  sign  repreBents  a  shell.  The  lenij^ths  are  found  by  reading  froori 
below  upwards ;  the  breadths,  by  reading  from  left  to  right.  The  marginal  nnmben 
represent  millimeters. 

The  average  of  the  given  series  is  represented  by  the  closed  conventional  sign. 

DIAORAM  1. 

Based  upon  Table  X,  page  34.    JAmnophtfM  palu»tri»  MtllL 

The  circles  represent  specimens  from  Honey  Lake,  California ;  the  squares,  shells 
from  Warm  Spring  Lake,  Utah ;  and  the  triangles,  specimens  from  brackish  springs, 
Promontory,  Utah. 

DIAGRAM  2. 

Based  upon  Table  XI,  pages  34  and  35.    Phj/aa  gyrifM  Say. 

The  circles  represent  shells  from  brackish  springs,  Promontory,  Utah ;  the  squares^ 
specimens  firom  fresh- water  ponds  at  Salt  Lake  City,  Utah. 
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Plate  V. 

Each  conveotional  sign  reprefients  a  shell.  The  lengths  are  found  by  reading  from 
below  upwards ;  the  breadths,  by  reading  from  left  to  right.  The  marisinal  numbers 
represent  millimeters. 

The  average  of  the  given  series  is  represented  by  the  closed  oonventional  sign. 

DIAGRAM    1. 

I 

Based  upon  Table  XIV,  page  39.    Physa  ampullaoea  Gould. 

The  circles  represent  shells  from  Little  Gull  Lake,  California;  the  squares  represent 
shells  from  Church  Lake,  near  Salt  Lake  City,  Utah. 

Diagram  2. 

Based  upon  Table  XVI,  page  41.    Fluminioola  fu9oa  Hald. 

The  circles  represent  fossils  fh>m  Kelton,  Utah ;  the  squaiee,  ahella  from  Ogden 
River ;  and  the  triangles,  specimens  ftt>m  Utah  Lake,  Utah. 
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Plate  VI. 

Valvata  ainceraf  var.  utahensis 44 

Fig.  1.  Front. 
Fig.  2.  Top. 
Fig.  3.  Back. 

Amnioola  dalli 4r> 

Fig.  4.  Front. 
Fig.  5.  Top. 
Fig.  6.  Back. 

Radix  amplttj  var.  utahenHs 47 

Fig.  7.  Front, 
Fig.  8.  Top. 
Fig.  9.  Back. 

Limnophysa  honnevUlensia 48 

•Fig,  10.  Front. 

Fig.  11.  Top.  • 

Fig*  12.  Back. 

Fig.  13.  Smooth  individual ;  front. 
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The  publications  of  the  United  States  Geological  Smrey  are  .issued  in  accordance  with  the  statote 
•pproved  March  3. 1879,  which  deohves  that— 

"  The  publications  of  the  Geological  Survey  shall  oonaist  of  the  annual  report  of  operations,  geo- 
logical and  economic  maps  illustrating  the  resources  and  claasiflcations  of  the  lands,  and  reports  upon 
general  and  economic  geology  and  paleontology.  The  annual  rei>ort  of  operations  of  the  Geological 
Survey  shall  accompany  the  annual  report  of  the  Secretary  o  the  Interior.  All  special  memoirs  and 
reports  of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director, 
but  otherwise  in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  Bcientific 
exchanges  and  for  sale  at  the  price  of  publication ;  and  all  literary  and  cartographic  materials  received 
in  exchange  shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organ- 
isation. And  the  money  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treas- 
ury of  the  United  States.*' 

On  July  7, 1882,  the  following  Joint  resolution,  referring  to  all  Grovemment  publications,  was  passed 
by  Congress : 

*  *  That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed, 
in  addition  to  the  number  in  each  case  stated^  the  "  usual  number  "  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitled  to  receive  them." 

Under  these  general  laws  it  will  be  seen  that  none  of  the  Survey  publications  are  Aimished  to  it  for 
gratuitous  distribution.  The  3,000  copies  of  the  Annual  Report  are  distribated  through  the  document- 
rooms  of  Congress.  The  1,900  copies  of  each  of  the  publications  are  distributed  to  the  officers  of  the 
legislative  and  executive  departments,  and  to  stated  depositories  throughout  the  United  States. 

Except,  therefore,  in  those  cases  where  an  extra  number  of  any  pablication  is  supplied  to  this  office  by 
special  resolution  of  Congress,  as  has  been  done  in  the  case  of  the  second,  third,  fourth  and  fifth  Annual 
Reports,  or  where  a  number  has  been  ordered  for  its  use  by  the  Secretary  of  the  Interior,  as  in  the  case 
of  Williams's  Mineral  Beaources,  the  Survey  has  no  copies  of  any  of  its  publications  for  gratuitous  dis- 
tribution. 

ANKUAL  REPORTS. 

Of  the  Annnal  Reports  there  have  been  already  published : 

L  First  Annnal  Report  to  the  Hon.  Carl  Schurz,  by  Clarence  King.    1880.    8°.   79  pp.    1  map.— A 
preliminary  report  describing  plan  of  organization  and  publications, 
n.  Report  of  the  Director  of  the  United  Stotes  Geological  Survey  for  1880-'81,  by  J.  W.  PowolL 

1882.  8o.    Iv,  588  pp.    61  pL,  1  map. 

m.  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881-'82,  by  J.  W.  PowelL 

1883.  8^.    zviii,  564  pp.    67  pL  and  maps. 

lY.  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1862-'88,  by  J.  W.  PowelL 

1884.  80.    xU,  473  pp.    85  pL  and  maps. 
The  Fifth  Annual  Report  is  in  press. 

MONOORAFHB. 

So  Ifar  as  already  determined  upon,  the  list  of  the  Monographs  isas  follows: 

I.  The  Precious  Metals,  by  Clarence  King.    In  preparation. 

n.  Tertiary  History  of  the  Grand  Cafion  District,  with  atlas,  by  Capt  C.  E.  Dntton.    Published. 

UL  Geology  of  the  Comstook  Lode  and  Washoe  District,  with  atlas,  by  George  F.  Becker.  Pub- 
Ushed. 

IV.  Comstock  Mining  and  Miners,  by  Eliot  Lord.    Published.  ' 

v.  Copper-bearing  Rocks  of  Lake  Superior,  by  Prof.  R.  D.  Irving.    Published. 

VL  Older  Mesozoic  Flora  of  Virginia,  by  Prof.  William  M.  Fontaine.    Published. 

VIL  SUver-Iead  Deposits  of  Eureka,  Nevada,  by  Joseph  S.  Curtis.    Published. 

Vm.  Paleontology  of  the  Eureka  District,  Nevada,  by  Charles  D.  Waloott.    In  press. 

IX.  Braohiopoda  and  Lamellibranchiata  of  the  Raiitan  Clays,  and  Grsenaand  Marls  of  New  Jersey, 
by  R.  P.  Whitfield.    In  press. 


ADYEBTISEMENT. 

Geology  and  Mining  Indnstry  of  LMdyille,  -with  atlM,  by  &  F.  Kmmmii    In  prepMmUow. 

Geology  of  the  Snrek»  Mining  I>istrict»  Nevad*.  with  stlaa,  by  Arnold  Hague.    In 

Lake  Bonneville,  by  G.  K.  Gilbert.    In  preparation. 

Dinocerata :  A  Monograph  on  an  Extinct  Order  of  Ungolatea,  by  Prof.  O.  C.  Maiah.    In ; 

Sanropoda,  by  Prof.  O.  C.  Marah.    In  preparation. 

Stegoaaazia,  by  Prot  O.  C.  Marah.    In  preparation. 

Of  these  Monographa,  Koa.  II,  m,  lY,  Y,  YI,  and  YII  axe  now  pnbUahed,  via : 
.  n.  Tertiary  History  of  the  Grand  CaSon  District,  with  aUaa,  by  C.  S.  Dntton,  Capt.  17.  &  A.    1B81 
40.    264  pp.    42  pL  and  aUas  of  26  double  sheeto  folio.    Price,  $10.12. 

HL  Geology  of  the  Comstock  Lode  and  Waahee  Diatxict,  with  atlaa,  by  G.  F.  Bedker.  1882.  40. 
XT,  422  pp.    7pLandatlaaof21sheetafolio.    Price,  $1L 

lY.  Comstock  Mining  and  Miners,  by  EUot  Lord.    1883.    4°.    xir,  451pp.    SpL    Prioe,|lJO. 

Y.  Copper-bearing  Books  of  Lake  Snperior,  by  Prol  B.  D.  Irving.  1883.  40.  xri,  464  pp.  28  pL 
Price,  $1.8& 

YL  Contribntiona  to  the  Knowledge  of  the  Older  Mesoaoic Flora  of  Yirginia,  by  William  V.  Fontaine. 

1883.  40.    xix,  128  pp.    64 11.,  64  pL    Price,  $1.05. 

YTL  Silrer-lead  Depoaita  of  Enreka,  NeTada,  by  Joseph  &  CnztiB.  1881.  40.  zii,  800  pp.  15  pL 
Price,  $1.20. 

Vos.  Yin  and  IX  are  in  press  and  wHl  soon  appear.  The  others,  to  which  nnmbetsarenoiaasigned, 
are  in  preparation. 

BULLBTZNS. 

The  Bnlletins  of  the  Snirey  will  contain  soch  papers  relating  to  the  general  purpose  of  ita  work  as 
do  not  properly  come  nnder  the  heada  of  Akhual  Bipobtb  or  Mohoobaphb. 

Each  of  these  Bnlletins  will  contain  but  one  paper,  and  be  complete  in  itaeUL  They  will,  however, 
be  numbered  in  a  conUnnons  series,  and  will  in  time  be  united  into  Tolumea  of  oonTenient  aiae.  To 
Ibcilitate  this  each  Bulletin  will  have  two  paginationa,  one  proper  to  itself  and  another  which  b^ 
longs  to  it  as  part  of  the  Tolnme. 

Of  this  series  of  Bulletins  Nos.  1, 2»  8, 4, 6^  6, 7, 8, 0, 10, 11,  and  12  are  already  published.  Tin: 

1.  On  Hypersthene-Andesite  and  on  Triclinic  Pjroxene  in  Augitio  Bocks,  by  Whitman  Crooa,  with 
a  Greological  Sketch  of  Buffalo  Peaks,  Colorado,  by  &  F.  Emmons.  1883.  9P.  42  pp.  2  pL  Price,  10 
cents. 

2.  Gold  and  Silver  CouTersion  Tables,  giving  the  Coining  Yalne  of  Troy  Ounoea  of  Fine  Metal,  &«.,  by 
Albert  Williams,  Jr.     1883.    8°.    ii,  8  pp.    Price,  5  cents. 

8.  On  the  Fossil  Faunas  of  the  Upper  Devonian  along  the  Meridian  of  7(P  SO',  fh>m  Tompkina  County, 
Kew  York,  to  Bradford  County,  Pennsylvania,  by  Henry  S.  Williama.    1884.   80.   86  pp.  Price,  5  cents. 

4.  On  Mesoaoic  Fossils,  by  Charlea  A.  White.    1884.    9>.    86  pp.  0  pL    Price,  5  oents. 

5.  A  Dictionary  of  Altitudea  in  the  United  States,  compiled  by  Henry  Gannett  1884.  99,  825  pp. 
Price,  20  cents.  • 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.    1884.    BP.    43  pp.    Price,  5  eents. 

7.  Mapoteca  Geologica  Americana.  A  Catalogue  of  Geological  Maps  of  America  (North  and  South), 
1752-1881,  by  Jules  Marcou  and  John  Belknap  Maroou.    1884.    80.    184  pp.    Price,  K)  oents. 

8.  On  Seconds^  Enlargements  of  Mioeral  Fragments  in  Certain  Bocks,  by  B.  D.  Irving  and  C.  B. 
Yanhise.    1884.    8°.    56  pp.    Price  10  centa. 

0.  A  Beport  of  the  Work  done  in  the  Washington  Laboratory  during  the  fiscal  year  1883-*84.  F.  W. 
Clarke,  chief  chemist ;  T.  M.  Chatard,  assistant.    1884.    80.    40  pp.    Price  5  centa. 

10.  On  the  Cambrian  Faunas  of  North  America.    Preliminary  studies  by  Chaxiss  Dodlittle  Waleott. 

1884.  80    74  pp.    Price  5  centa. 

11 .  On  the  Quaternary  and  Becent  Mnllnsca  of  the  Great  Basin ;  with  Descriptions  of  New  Fonna,  by 
B.  Ellsworth  Call;  introduced  by  a  sketch  of  the  Quaternary  Lakes  of  the  Great  Basin,  by  O.  K. 
Gilbert    1884.    80.    66  pp.    Price,  5  cents. 

12.  A  CrystallogAphio  Study  of  the  Thinolite  of  Lake  Lahontan,  by  Edward  S.  Dana.  1884.  9>. 
84  pp.    Price,  5  cents. 

STATEBTICAL  PAPERS. 

A  fourth  series  of  publioationa,  having  speolal  reference  to  the  mineral  reaouroes  of  the  United 
States,  is  contemplated.  Of  that  series  the  first  haa  been  published,  viz:  Mineral  Beaourcea  of  the 
United  States,  by  Albert  Williams,  Jr.    1883.    V>.    zvli,818pp.    Price,  60  cents. 

Corresp<nidence  rdating  to  the  publications  of  the  Survey,  and  all  remittanoea,  whioh  mnat  be  by 
postal  note  or  money-order,  should  be  addressed  to  the 

DiBBCTOB  OV  THE  UHTIXD  StaTKS  GBOLOOICIL  StTBTXT, 
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liETTBR   OF    TRANSMITTAIi. 


United  States  Oeologioal  Subvby, 

Division  of  the  Great  Basin, 

Washingionj  D.  C,  September  16, 1884. 

SiB:  I  have  the  hoDor  to  transmit  herewith,  for  pablioation,  a  paper 
on  Thinolite,  by  Prof.  Edward  S.  Dana,  of  New  Haven. 

The  calcareous  pseadomorph  to  which  Mr.  Clarence  King  gave  the 
name  ^Hhinolite"  has  be^n  referred  by  him  and  others  to  the  mineral 
gaylussite,  and  the  history  of  its  conversion  to  calcite  was  believed  to 
afford  the  key  to  the  history  of  the  oscillations  of  Lake  Lahontan.  Mr. 
Kussell's  later  and  fuller  investigations  demonstrated  the  physical  im- 
possibility of  the  lake-history  deduced  by  King,  and  the  qaestion  of  the 
origin  of  the  thinolite  was  thus  reopened.  Mr.  Bussell  determined  its 
distribution  and  geologic  relations  in  a  thorough  and  satisfactory  man- 
ner, but  his  acquaintance  with  mineralogy  did  not  permit  him  to  under- 
take  the  necessary  crystallographic  study  with  confidence. 

Application  was  accordingly  made  to  Profs.  George  J.  Brush  and  E. 
8.  Dana,  and  the  study  of  the  mineral  wait  finally  undertaken  by  the 
latter  gentleman.  His  report,  which  is  eminently  judicial  and  conserv- 
ative, does  not  contain  a  complete  solution  of  the  problem ;  but  it  clears 
the  ground  by  dissipating  all  earlier  hypotheses,  and  indicates  the  line 
of  future  investigation.  It  renders  to  the  geologic  study  the  important 
service  of  freeing  it  from  the  embarrassment  occasioned  by  the  gaylus- 
site hypothesis. 

1  remain,  with  great  respect,  your  obedient  servant, 

G.  K.  GILBEBT, 

Geologist  in  Charge. 
Hon.  J.  W.  Powell, 

Director  United  States  Oeologioal  Survey. 
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A  CRYSTALLOGRAPHIC  STUDY  OF  THE  THINOLITE 

OF  LAKE  LAHONTAN. 


By  Ebwabd  S.  Dana. 


INTRODUCTORY  STATEMENT. 

Origin  of  the  name  Thinolite, — The  name  Lake  Lahontan  was  given 
by  Mr.  Clarence  King  to  the  great  Quaternary  lake  of  northwestern 
Nevada,  of  which  the  present  Walker,  Carson,  Humboldt,  Winnemucca, 
Pyramid  and  Honey  lakes  are  the  relics.  The  extent  of  Lake  Lahontan 
was  first  mapped  out  by  Mr.  King,  and  a  description  of  it  andof  itshistory 
is  given  in  his  report.^  As  shown  by  him,  the  characteristic  feature  of 
the  Lahontan  Basin  is  the  great  abundance  in  it  of  deposits  of  calcareous 
tufa.    Of  this  he  says  :* 

^^As  compared  with  Lake  Bonneville,  the  chief  characteristic  difference 
in  the  phenomena  of  terraces  and  shore  lines  is  the  great  abundance  in 
the  Lahontan  Basin  of  calcareous  tufas.  Modern  subaerial  gravels  have 
been  in  great  measure  washed  down  over  the  calcareous  matter,  but  it 
frequently  exists  even  in  the  broad  bottom  of  the  lake  in  thick  accumu. 
lations — covering  areas  of  several  miles  with  a  tufaceous  deposit  from 
20  to  60  feet  thick.  As  will  be  seen  later,  this  tufa  is  of  very  great 
chemical  interest,  and  its  mineralogical  nature  affords  a  clew  to  the 
history  of  the  lake.  From  its  very  great  importance  and  its  peculiar 
origin,  1  have  taken  the  liberty  of  giving  it  a  lithological  name.  Since 
it  formed  on  the  shores  of  the  lake,  I  have  called  it,  from  the  Greek  @zV 
(shore),  Thinolite.'' 

The  occurrence  and  characters  of  this  tufa  are  described  in  consider, 
able  detail  by  Mr.  King,  and  its  general  appearance  is  well  shown  in 
several  plates  in  his  report.  Mr.  King  also  discusses  the  condition  of 
the  formation  of  the  calcareous  tufa,  and  offers  an  explanation  of  its 
origin,  to  which  reference  will  be  made  later. 

'ClaroBce  King:  Report  of  the  (Geological  Exploration  of  the  Fortieth  Parallel,  Vol. 
I,  p.  488,  et  9eq,,  1878. 
*Loe.  oit.,  p.  508. 
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VARIETIES   OP   TUFA. 

The  Lahontan  Basiu  has  recently  been  studied  by  Mr.  I.  O.  Bussell, 
and  a  preliminary  sketch  of  its  geological  history  was  published  in 
1883,  embodying  the  results  of  a  reconnaissance  in  the  season  of  1881.' 
A  complete  report,  embracing  the  results  of  later  observations,  is  now  in 
preparation. 

Mr.  Bussell  has  mapped  with  great  copipleteness  the  geographic 
extent  of  Lake  Lahontan,  and  has  traced  out  the  topography  of  its  shores 
at  the  different  stages  in  its  history.  With  respect  to  the  calcareous 
deposits,  he  has  been  led  to  discriminate  between  three  distinct  varieties, 
superimposed  upon  each  other,  to  which  he  gives  the  names  lithoidj 
ihitiolitiCj  and  dendritic.  The  following  points  with  regard  to  them  are 
taken  nearly  verbatim  from  his  report. 

The  lithaid  tufa  was  the  first  formed  tufa  deposit;  it  is  found  on  the 
slopes  of  the  basin  firom  the  level  of  the  lithoid  terrace,  whidbi  is  30  feet 
below  the  highest  water  line  of  LakeLabontan,  downward  as  far  as  any 
sections  are  now  exposed.  This  variety  of  tufa  is  usually  gray  in  color 
and  compact  in  structure;  it  occasionally  shows  concentric  bands  and 
open  spaces,  but  is  much  more  dense  and  stone-like  than  the  varieties 
deposited  later. 

The  thinolitio  tufa  forms  the  second  layer,  and  was  deposited  at  a 
lower  stage  of  the  water.  Its  upper  limit  on  the  sides  of  the  basin  is  the 
thinolite  terrace,  which  is  400  feet  lower  than  the  lithoid  terrace  just 
alluded  to,  and  100  feet  above  the  present  level  (1881)  of  Pyramid  Lake. 
A  minor  deposit  probably  also  occurred  (as  noted  in  a  subsequent  para- 
graph) after  the  formation  of  the  dendritic  tufa*.  This  second  variety 
of  tufa,  to  which  the  name  thinolite  is  now  restricted,  is  characterized 
by  the  fact  that  it  consists  of  groups  of  distinct  prismatic  or  pyramidal 
crystals,  as  will  be  described  later.  In  the  Lahontan  Basin  the  thinoUte 
is  best  developed  about  the  base  of  the  Marble  Buttes,  at  the  south  end 
of  Pyramid  Lake;  at  the  Needles,  at  the  northern  end;  and  at  the 
Domes,  and  around  the  lower  portions  of  Anaho  and  Pyramid  islands, 
in  the  same  lake.  It  occurs  all  along  the  borders  of  Winnemucca  Lake, 
and  less  abundantly  on  Smoke  Greek  and  Black  Bock  deserts.  These 
deserts  form  a  single  basin,  separated  from  the  valley  of  Pyramid  Lake 
by  a  low  divide.  It  is  found  also  along  the  borders  of  Carson  Desert, 
and  at  a  single  locality  in  Walker  Lake  Valley.  Outside  of  the  La* 
hontan  Basin  it  occurs  in  the  basin  of  Mono  Lake,  in  Oalifornia.  The 
deposits  of  thinolite  are  of  very  considerable  magnitude;  where  best 
exposed  the  layer  of  interlaced  crystals  has  a  thickness  of  from  6  to  8 
feet,  and  exhibits  concentric  zones  of  larger  and  smaller  crystals. 

'  I.  C.  Russell :  Sketch  of  the  Geological  History  of  Lake  Lahontan,  a  Qaatemaiy 
lake  of  northwestern  Nevada.  Washington,  1883.  (Department  of  the  Interior,  U.  & 
Geological  Survey,  J.  W.  PoweU  Director.) 
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The  dendritic  tufa  is  the  third  variety  of  calcareoos  deposit  in  the 
LahoDtan  Baaio.  Its  upper  limit  is  about  200  feet  below  the  highest 
vater  line,  and  from  this  level  it  coate  the  sides  of  the  basin  wherever 
the  coDditiona  were  favorable.  It  is  by  &r  the  most  abundant  of  the 
three  kinds  uf  tufa,  and  in  places  attains  a  great  thickness.  Its  greatest 
depth  is  not  less  than  20  feet,  and  may  be  as  much  as  60  feet.  This  kind 
of  tnfa  is  characterized  by  its  distinct  dendritic  structure.  It  occurs 
over  large  portions  of  the  bottom  of  the  old  la^e,  forming  muabroom- 
sbaped  masses  of  all  sizes  up  to  5  or  6  feet  in  diameter ;  in  some  places 
they  make  a  pavement  of  blocks  2  feet  in  diameter,  resting  on  the  lake 
beds. 


SUCCESSION  OF  TUFA  DEPOSITS. 

As  has  already  been  intimated,  Mr.  Buseell  has  fonnd  that  the  three 
varieties  of  tufa  succeeded  each  other  in  the  order  named  above.  Later 
observations  have  sbowu,  as  he  has  informed  the  writer,  the  probable  ex- 
istence of  a  second  deposit  of  thinolite  crystals,  not  exceeding  4  or  5 
inches  in  thickness,  which  followed  the  precipitation  of  the  dendritic  tnfa. 
The  SQCcesston  of  the  three  prominent  deposits  of  tufa  in  their  relation 
to  each  other  and  the  sides  of  the  basin  is  illnstrated  by  Mr.  Bassell  by 
the  accompanying  figure.  With  his  penniaaion  I  insert  this  flgore,  and 
also  quote  two  or  three  pages  team  bis  preliminary  report  descriptive 
of  the  succession  of  tu&  deposits,  their  chemical  composition,  and  gen- 
eral method  of  occurrence  (pp.  215  to  218); 

"The  accompanying  diagram,  Fig.  48  [Fig.  1  of  this  publication], 
gives  a  generalized  expression  of  the  relation  of  the  three  snccesBive 


Fig.  1.— Diajmunnuitii!  section  llloalMtlng  the  relatlonn  of  the  tufis. 

tnfas  toeacb  otlier  and  to  the  sides  of  the  basin.  The  first  formed  de- 
poatt,  the  lithoid  tafa,  represented  in  the  notation  of  the  diagram  by 
vertical  lines,  extends  upward  about  500  feet  above  the  horizontal 
lake  beda  occupying  the  bottom  of  the  basin.  The  second  deposit,  tl^e 
thinolitjc  tufa,  finds  its  upper  limit  100  feet  above  the  present  level  of 
Pyramid  Lake.  The  third  and  last,  the  dendritic  tnfa,  which  is  far 
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more  abaudaut  than  either  of  the  others,  extends  upward  to  within 
about  200  feet  of  the  highest  shore  line.  The  lower  limits  of  these  de- 
posits cannot  be  determined  with  certainty,  as  they  are  concealed  by 
lake  beds. 

'^  Chemical  analyses  were  made  by  Prof.  O.  D.  Allen  of  samples  of  each 
of  these  varieties  of  tufa,  and  the  results,  given  below,  show  that  their 
constituents  are  practically-  identical.  The  insoluble  residue  exhibited 
in  each  case  may  be  due  in  part  to  foreign  matter  imprisoned  in  the  tufa 
at  the  time  of  its  formation,  and  is  certainly  due  in  a  measure  to  foreign 
matter  carried  by  atmospheric  agencies  into  open  cavities  of  the  rock 
after  the  desiccation  of  the  lake. 


Constitaents. 


L. 

i 


Insolnble  residne 

Liine(CaO) 

Magnesia  (SigO) 

Oxides  of  iron  and  alomina. 

Carbonic  acid  (COz) 

Water  (HtO) 

Phosphoric  acid  (PiOs) 

Chlorine  and  sulphnrio  acid 


lithoid  tufk 


1.70 

50.48 

2.88 

.25 

41.85 

2.07 

.30 

Trace. 


99.53 


Thinolitio  tofk 


98.81 


Bendritio  taU. 


3.88 

5.06 

50.45 

40.14 

1.37 

L99 

.71 

1.20 

40.00 

4a  31 

1.50 

2.01 

Trace. 

TraoA. 

Trace. 

Tracer 

99. 8» 


^^  Not  only  do  these  tufa  deposits  still  sheathe  the  slopes  of  the  Lahon- 
tan  Basin,  but  they  appear  also  in  isolated,  castellated  masses  and  rugged 
crags  about  the  shores  of  Pyramid  and  Winnemucca  Lakes  and  on  the 
borders  of  the  Carson  Desert.  These  outstanding  masses  occur  charac- 
teristically as  upright  cylinders,  or  groups  of  cylinders,  with  rounded, 
dome-shaped  tops,  and  are  of  all  sizes,  from  a  few  inches  up  to  a  hun- 
dred feet  or  more  in  height.  The  larger  masses  are  composed  of  groups 
of  many  tower-like,  cylindric  bodies  of  unequal  height,  and  bear  a  strik- 
ing resemblance  to  rugged  mediaeval  castles  with  rounded  towers  and 
castellated  battlements.  A  fine  example  of  such  a  water-built  castle 
stands  about  the  middle  of  the  western  shore  of  Pyramid  Lake,  and 
rises  100  feet  above  the  waves  that  wash  its  base.  The  domes  between 
the  eastern  shore  of  the  lake  and  Pyramid  Island  are  the  tops  of  similai 
towers,  the  foundations  of  which  are  deeply  submerged.  Other  masses 
of  the  same  nature,  but  smaller  in  size  and  usually  broken  and  weath- 
ered, occur  in  abundance.  Frequently  these  outstanding  cylinders  and 
castles  of  tufa  are  broken  across,  or  split  from  base  to  summit,  so  as  to 
reveal  every  desired  section  of  their  interiors.  An  examination  of  a 
large  number  of  these  dissected  masses  brought  to  light  the  intere6^ 
ing  fact  that  all  the  tufa  crags  below  the  broad  terrace  100  feet  above 
Pyramid  Lake — the  thinolite  terrace — have  a  tripartite  structure,  and 
all  above  that  horizon  have  a  bipartite  structure. 

^'  Each  of  the  tufa  towers  below  the  thinolite  terrace  has  a  core  of  com- 
pact gray  tufa  in  all  respects  identical  with  the  first-formed  sheath  ol 
tufa  on  the  rocky  sides  of  the  basin.    This  core  of  lithoid  tufa  is  com- 
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moniy  from  2  to  6  feet  in  diameter,  and  sometimes  shows  a  tnbulai 
strnctnre.  When  the  base  is  exposed  it  is  occasionally  seen  to  spring 
from  a  small  nucleus  of  rock. 

^^  Outside  the  core  of  gray  tufa  is  a  coating  of  thinolite  crystals,  from 
2  to  6  or  8  feet  thick,  that  completely  envelops  its  sides  and  top.  These 
crystals  are  interlaced  in  every  direction,  but  show  a  radial  grouping, 
and  also  a  concentric  banded  structure— ^zones  of  elongated  prisms 
alternating  with  narrow  bands  of  smaller  crystals.  The  largest  crys- 
tals are  from  6  to  10  inches  in  length  and  an  inch  or  more  in  diameter. 
This  layer  of  thinolite  is  best  displayed  in  the  masses  of  tufa  that  occur 
low  down  near  the  surface  of  Pyramid  Lake.  The  deposit  is  there 
thickest  and  the  crystals  are  largest. 

"About  the  layer  of  thinolite,  and  in  turn  completely  covering  it,  is  a 
third  tufa  deposit,  equal  to  or  even  exceeding  in  thickness  either  of  the 
previous  layers.  It  usually  arches  over  the  top  of  the  column  in  a  low 
dome.  This  third  layer  is  of  dendritic  tufa,  and  always  shows  the  char- 
acteristic branching  structure,  resembling  a  group  of  cedar  boughs 
changed  to  stone. 

"Frequently  the  dome-shaped  summits  of  these  tufa  towers  are 
weathered  into  holes,  and  sometimes  the  entire  top  is  dissolved  away 
down  to  the  layer  of  thinolite  crystals,  or  even  deeper.  In  the  hollows 
thus  formed,  which  are  frequently  10  or  12  feet  in  diameter,  a  person 
can  stand  as  on  the  top  of  a  wide  tower,  with  a  parapet  of  dendritic 
tufa  3  or  4  feet  high  all  about  him.  On  the  west'  side  of  Winnemucca 
Lake,  near  the  southern  end,  there  stands  a  tufa  tower,  fully  40  feet 
high,  that  has  been  split  from  base  to  summit  into  three  sections,  the 
open  fractures  being  wide  enough  for  a  person  to  pass  through.  In 
remembrance  of  Heidelberg,  I  have  called  this  the  ^Kent  Tower.'  The 
whole  of  this  tower  is  composed  of  tufa,  the  nucleus  firom  which  it 
started  being  some  distance  below  the  surface  of  the  surrounding  lake 
beds  and  gravels.  It  stands  just  above  the  level  of  the  thinolite  terrace, 
and  is  composed  entirely  of  lithoid  and  dendritic  tufa,  the  middle  or 
thinolitic  member  being  wanting.  Near  at  hand,  and  a  few  feet  below 
the  horizon  of  the  thinolite  terrace,  are  other  dome-shaped  masses,  show- 
ing the  intermediate  thinolite  also. 

"While  the  isolated  tufa  towers  having  thinolite  as  a  middle  member 
are  confined  to  the  shores  of  Pyramid  and  Winnemucca  Lakes  and  to 
the  borders  of  the  Carson  Desert,  the  similar  masses  in  which  the  thino- 
lite is  wanting  occur  over  a  much  wider  area,  especially  along  the  bor- 
ders of  the  Black  Eock  Desert.  Examples  may  also  be  seen  along  the 
line  of  the  Central  Pacific  Eailroad  southeast  of  Humboldt  Lake. 

"In  some  cases,  where  the  lake  beds  and  gravel  have  been  washed 
away  from  the  base  of  a  tufa  tower,  we  find  the  outer  layer  of  dendritic 
tufa  projecting  as  an  irregular  shoulder  about  the  lower  part  of  the  col- 
umn, thus  showing  how  much  of  the  column  projected  above  the  bottom 
of  the  lake  at  the  time  the  dendritic  layer  was  added.    In  one  instance, 
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where  the  entire  mass  h^  been  aprooted,  the  layer  of  thinolitic  crystals 
extends  abont  2  feet  lower  down  than  the  coating  of  dendritic  tufa,  and 
then  terminates  in  the  same  abmpt  manner.  In  this  case  the  central 
core  of  lithoid  tufa  ends  in  a  tapering^  irregnlar  base,  the  nuclens  of 
which  is  a  group  of  small  pebbles. 

^'  One  ol  the  physical  conditions  favorable,  if  not  absolutely  necessary, 
for  the  formation  of  tufa  seems  to  be  the  presence  of  a  solid  nnclens 
about  which  the  carbonate  of  lime  can  commence  to  crystallize.  This 
nucleus  may  be  a  pebble  resting  at  the  bottom  of  the  lake  or  it  may  be 
the  solid  cliff  that  forms  the  shore.  It  plays  the  same  r61e  here  as  it 
does  in  the  crystallization  of  alum  or  rock  candy  in  a  laboratory  experi- 
ment, or  as  may  be  seen  in  the  structure  of  oolitic  sand.  The  crys- 
tallization once  started,  the  process  was  continued  until  hundreds  and 
even  thousands  of  tons  had  formed  in  a  single  isolated  mass.  Where 
the  shores  are  too  steep  and  solid  for  the  ready  formation  of  terraces 
and  embankments  of  gravel,  they  favor  the  deposition  of  tufa.  In  such 
places  the  chemical  deposit  cannot  be  disturbed  or  carried  away  by  the 
shore  drifb.  The  most  favorable  places  of  all  for  the  accumulation  of 
calcareous  deposits  are  To6ky  islands.  Tufa  frequently  cements  the 
gravel  and  sand  of  which  embankments  are  constructed,  and  sometimes 
forms  a  complete  pavement  on  their  surfaces.  This  happens  when  by 
a  rise  of  the  lake  the  surface  of  the  eml^ankment  is  so  far  submerged  as 
to  escape  the  action  of  the  shore  drift.  Tufa  has  never  been  observed 
by  the  writer  resting*  on  beds  of  fine  clay  or  silt  unless  there  were  peb- 
bles for  nuclei.  In  many  instances  every  pebble  on  a  surface  of  fine 
lake  beds  has  its  upper  surface  coated  with  tufa,  or  perhaps  supports 
a  mushroom-shaped  growth  some  inches  in  height,  while  the  surround- 
ing plain  of  fine  mud  is  entirely  free  from  calcareous  dei)osit.'' 


CRYSTAIiliOGRAPHIC    STUDY. 

The  introductory  statements  which  have  been  made  will  have  served 
to  give  a  sufficiently  clear  idea  of  the  general  relations  of  the  calcareous 
tufas  of  the  Lahontau  basin,  as  established  by  the  labors  of  Mr.  Eussell. 
The  immediate  object  of  the  present  writer  is  to  state  the  results  of  a 
mineralogical  study  of  the  specimens  of  thinolite  which  have  been  placed 
in  his  hands,  undertaken  with  the  view  to  making  out  as  fully  as 
possible  the  crystalline' form,  so  as  to  throw  light  upon  the  probable 
chemical  nature  of  the  original  mineral,  and  thus  further  upon  the  his- 
tory of  the  complex  changes  through  which  Lake  Lahontan  has  passed. 

In  order  to  avoid  all  misapprehension,  it  may  be  repeated  here  that 
the  word  thinolite  is  employed  in  the  restricted  sense  used  by  Mr. 
Bussell,  as  designating  that  portion  of  the  calcareous  tufas  which  is 
distinctively  crystalline,  in  distinction  from  the  stony  (lithoid)  and 
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dendritic  varieties.  In  a  word,  the  thinolite  is  a  crystalline  deposit, 
ndw  consisting  chemically  of  almost  pure  calcinm  carbonate,  bat  obvi- 
oosly  pseudomorphous  after  some  original  mineral  deposited  on  an 
immense  scale  daring  a  certain  period  in  the  desiccation  of  Lake  La- 
hontan. 

GENERAL   ASPECT   OP   THE   THINOLITE. 

In  general  it  may  be  said  that  the  tbinolite  collected  from  the  differ- 
ent localities  named,  both  in  the  basin  of  Lake  Lahontan  and  of  Mono 
Lake,  while  varying  widely  in  external  aspect,  is  yet  remarkably  ani- 
fqrm  in  all  essential  characters.  It  is  thas  established  beyond  qaestion 
that  the  original  mineral  deposited  was  thronghoat  the  same,  althongh, 
in  consequence  of  the  varied  conditions  to  which  it  has  been  subjected, 
the  forms  resulting  from  its  alteration  are  very  diverse,  ^hus,  in  some 
specimens  there  is  only  a  delicate. skeleton  remaining,  the  whole  con- 
sistiug  of  thin  plates,  held  together  in  their  parallel  position  by  a  slight 
central  frame- work,  while  in  others  the  whole  is  as  firm  and  compact 
as  a  crystalline  limestone,  and  between  the  two  extremes  many  inter- 
mediate varieties  occur.  The  most  important  condition  upon  which  this 
difference  depends  is  the  varying  extent  to  which  a  deposition  of  cal- 
cium carbonate  has  taken  place  subsequent  to  the  first  alteration  of  the 
original  mineral.    This  will  be  more  fully  explained  later. 


THINOLITE   FROM   PYRAMID   LAKE. 

As  has  already  been  stated,  the  thinolite  is  most  characteristically 
developed  about  Pyramid  Lake.  The  writer  has  had  in  hand  specimens 
tcom  the  Marble  Buttes,  from  the  Needles,  from  Anaho  Island,  and  from 
the  Domes,  and,  as  they  illustrate  well  the  different  varieties,  it  will  be 
convenient  to  refer  to  them  by  localities,  although  no  special  significance 
is  probably  to  be  attached  to  the  particular  spot  firom  which  the  indi- 
vidual specimens  were  collected. 

The  delicate,  open,  porous  variety  of  thinolite  is  best  shown  in  the 
specimens  from  the  Marble  Buttes,  of  which  illustrations  are  given  in 
Plate  I  (here  inserted  from  Mr.  Russell's  report)  and  in  Fig.  1  (reduced 
one-half)  of  Plate  II.  The  external  form  of  the  crystals  is  roughly 
that  of  a  rectangular  prism,  with  projecting  edges  and  generally  taper- 
ing toward  the  extremities.  The  color  is  gray  to  brown.  These  crys- 
tals are  commonly  from  a  quarter  of  an  inch  to  an  inch  in  diameter  and 
up  to  8  or  10  inches  or  more  in  length.  They  are  generally  grouped 
in  a  more  or  less  closely  parallel  position,  often  compactly,  with  only 
very  little  interlacing.  In  other  cases,  especially  when  the  forms  are 
smaller,they  have  widely  divergent  positions,  interpenetrating  each  other 
and  giving  a  large  mass  an  open,  reticulated  appearance.  In  addition 
to  the  elongated  crystals,  numerous  smaller  ones,  half  an  inch  or  an  inch 
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in  length,  make  up  parts  of  these  masses,  projecting  from  the  sides  of  the 
larger  crystals  and  forming  divergent  groups  among  themselves.  The 
small  crystals  have  generally  the  form  of  an  acute  pyramid,  and  are 
sometimes  square  in  outline,  sometimes  rhombic;  the  sides  are  usnally 
concave,  and  the  edges  project  sharply.  The  exterior  surface  of  the 
larger  crystals  is  rough  and  open,  often  with  a  delicate  mossy  covering, 
and  the  whole  crystal  is  porous  throughout,  as  if  eaten  out  so  as  to  leave 
only  a  skeleton  behind.  Upon  a  superficial  examination  no  regularity 
in  the  structure  is  evident,  but  on  looking  more  closely  it  is  seen  that 
the  apparently  rough  and  irregular  surface  is  made  up  of  portions  of 
thin  plates,  each  set  parallel  to  the  sides  of  the  crystal  and  uniformly 
converging  in  one  direction.  Thus  when  one  of  the  groups  of  nearly 
parallel  crystals  is  viewed  end  on,  from  one  extremity  or  the  other,  it  is 
seen  that  the  edges  of  the  plates,  irregular  as  they  are  in  outline^  are 
all  presented  to  view  at  once,  as  if  each  crystal,  though  prismatic  in 
general  outline,  were  made  up  of  a  series  of  acute  skeleton  pyramids, 
hopper-like  in  form,  placed  one  within  another.  Still  farther,  when  the 
section  produced  by  the  cross-fracture  of  one  of  these  elongated  crys- 
tals is  examined,  there  is  seen,  more  or  less  distinctly,  a  serie^s  of  ap- 
parently rectangular  ribs  forming  concentric  squares  or  rectangles,  with 
diagonal  ribs  joining  the  opposite  angles. 

The  specimens  in  hand  from  the  Needles,  Pyramid  Lake,  corre8X)ond 
closely  with  those  which  have  been  described,  though  hardly  showing 
the  structure  so  clearly.  This  is  also  true  of  some  of  those  from  Anaho 
Island.  The  majority  from  the  latter  locality,  however,  are  much  more 
firm  and  compact.  Here,  too,  the  crystals  are  usually  elongated,  and  in 
a  single  specimen  grouped  in  nearly  parallel  position.  The  edges  of  the 
plates  are  also  commonly  distinct  on  the  sides,  and  show  the  same  con- 
vergence toward  one  extremity.  The  masses,  however,  instead  of  being 
open  and  porous,  and  consequently  light  in  the  hand,  are  close,  compact, 
and  heavy.  Instead  of  the  delicate,  open  skeleton,  with  fretted  surface, 
seen  on  the  cross-fracture,  the  section  is  nearly  solid,  and  sparkles  with 
the  reflection  from  the  cleavage  surfaces  of  the  calcite  grains.  In  other 
cases  the  outer  surfaces  are  smooth  and  rounded,  and  the  unaided  eye 
sees  little  of  the  structure  except  on  a  cross-fracture;  in  these  instances, 
as  will  be  more  fully  explained  immediately,  a  deposition  of  calcium 
carbonate  has  filled  up  the  skeleton  form  and  incrusted  and  smoothed 
over  the  surface. 

The  specimens  from  the  Domes  represent  still  another  type  of  the 
thinolite.  The  crystals  here  have  uniformly  an  acute  pyramidal  form, 
and  are  grouped  in  irregular,  divergent  positions.  Their  surfaces  are 
brownish  yellow  in  color  and  show  little  of  the  edges  of  the  parallel 
plates  conspicuous  in  the  variety  firom  the  Marble  Buttes.  They  are,  ob 
the  contrary,  nearly  smooth,  except  when  covered  with  warty  excres- 
cences, which  in  some  cases  are  thickly  clustered  about  the  edges  and 
extremities.    One  of  these  crystals  (natural  size)  is  shown  in  Fig.  11  of 
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Plate  II.  On  the  fracture  this  variety  is  found  to  be  nearly  as  firm  and 
compact  as  a  fine-grained  eystalline  limestone;  in  fact^  the  unaided  eye 
would  regard  the  whole  as  crystalline  throughout.  The  color  on  the 
firacture  is  slightly  yellowish  white. 

EXAMINATION   OP   SECTIONS   OP   CRYSTALS. 

In  order  to  get  at  the  true  structure  of  the  crystals  which  have  been 
described  it  is  necessary  to  resort  to  sections  cut  transversely  and  longi- 
tudinally; these  reveal  the  form  most  clearly  and  satisfactorily.  A 
cross-section  of  a  ^ystal  like  those  first  described — ^the  open  porous 
variety  from  the  Marble  Buttes — is  shown  in  Fig.  2  (natural  size).  As 
seen  in  the  figure  it  is  made  up  of  lines  in  positions  parallel  to  the  sides 
of  a  square  prism,  and  in  addition  there  are  two  sets  of  distinct  diago- 
nal lines  intersecting  at  right  angles  to  each  other;  between  these  ribs 
are  open  spaces.  A  closer  examination  of  the  specimen  represented  in 
Fig.  2  shows  that  the  material  consists  of  rhombohedral  calcium  carbon- 
ate, or  calcite,  of  a  distinctly  granular  crystalline  structure  through- 
out. The  whole  presents  an  open  tesellated  appearance.  The  external 
form  of  the  crystal  which  yielded  Fig.  2  is  shown,  reduced  one-half,  in  Fig. 
6.  The  point  at  which  it  was  divided  is  indicated  by  a  black  line.  The 
form  is  roughly  that  of  a  square  prism  tapering  slightly  in  both  direc- 
tions, but  the  external  form  does  not  conform,  in  this  respect,  to  the  in- 
ternal structure  except  at  the  upper  extremity.  The  irregular  edges 
of  the  upwardly  converging  plates  are  clearly  shown  in  this  figure. 

A  longitudinal  section  of  another  crystal  (one-half  natural  size)  is 
shown  in  Fig.  5.  It  presents  also  an  open  skeleton  appearance  analo- 
gous to  that  of  Fig.  2.  As  seen  in  the  figure  the  plates  converge  up* 
wards  on  either  side  of  the  longitudinal  axis,  meeting  at  an  angle  of  ap- 
proximately 350.  Like  the  previous  case,  it  consists  entirely  of  purely 
granular  crystallized  calcite  with  only  a  little  mossy  covering  on  the 
surfaces  of  the  plates.  It  is  to  be  noticed  here  that  the  plates  all  con- 
verge ux)wards  from  one  extremity  of  the  crystikl  to  the  other,  and  this, 
as  will  be  remarked  later,  is  almost  universally  true  even  in  the  case 
of  crystals,  the  external  form  of  which  tapers  off  at  both  ends. 

Another  transverse  section  (natural  size)  is  shown  in  Fig.  3.    It  is 

like  Fig.  2  in  most  respects,  except  that  the  square  is  elongated  in  one 

direction  and  the  diagonals  meet  in  a  central  rib.    Moreover,  while  the 

skeleton  frame- work  consists  as  before  of  crystallized  calcite  (left  white 

in  the  drawing),  the  intermediate  spaces  are  partially  filled  up  with  a 

secondary  deposit  of  calcium  carbonate  which  is  apparently  amorphous, 

and  has  been  deposited  in  granular  form  and,  too,  in  lines  parallel  to 

the  crystalline  plates.    This  subsequent  deposition,  however,  has  not 

gone  far,  and  the  general  appearance  is  nearly  as  open  as  the  one  first 

described.    The  outline  of   the  crystal  which  yielde<l  this  section  is 

shown  iu  Fig.  7  (reduced  one-half).    As  seen  here  it  tapers  gradually 
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to  the  terminal  edge,  forming  a  sharp  extremity.  The  external  form  ap- 
proximates to  the  true  crystalline  form  of  the  original  crystal,  but  is  some- 
what more  acute,  as  shown  by  the  edges  of  the  plates  exposed  on  the 
surfaces  and  by  the  angle  at  which  the  plates  within  converge. 

In  Fig.  13  another  section  is  given  (natural  size).  This  shows  much 
the  same  tessellated  appearance,  the  structure  being  essentially  the 
same  as  in  the  others  described,  but  the  secondary  deposition  of 
amorphous  calcium  carbonate  has  gone  still  further,  so  that  as  a  whole 
it  is  more  compact.  The  skeleton  ribs  parallel  to  the  sides  and  the  diago- 
nals are,  however,  still  very  distinct  and  entirely  crystalline.  The 
form  of  the  crystal  which  gave  this  section  is  showi»  in  Fig.  8  (one-half 
natural  size).  As  seen  here  it  is  an  acute  square  pyramid,  approxi- 
mately conforming  in  outward  form  to  the  internal  structure.  The  sur- 
fiekce  is  here  no  longer  open  and  fretted,  as  in  the  others,  but  nearly 
smooth,  except  as  it  is  covered  with  small  war^like  prominences.  The 
color  is  a  dark  brown.  The  line  in  which  the  section  was  cut  is  shown 
in  the  figure. 

Still  another  section  is  shown  in  Fig.  14  (natural  size),  and  one  which 
marks  a  further  degree  of  deposition  of  secondary  calcium  carbonate. 
The  crystal  from  which  it  was  taken  had  a  square  form  tapering  slowly 
upward,  and  the  surface  was  covered  with  small  mammillary  promi- 
nences. The  skeleton  of  crystalline  c<alcium  carbonate  is  here  nearly 
concealed  by  the  added  amorphous  material,  and  the  outer  portion  con- 
sists of  concentric  layers  of  the  same  substance. 

The  exterior  appearance  of  another  crystal  is  shown  in  Fig.  4  (one- 
half  of  natural  size).  As  seen,  it  tapers  slightly  toward  both  extremi- 
ties, and  it  was  cut  longitudinally,  in  the  idea  that  it  might  be  a 
doubly  terminated  crystal,  but  the  structure  lines  all  converged  toward 
one  end,  showing  that,  like  most  of  the  others,  the  growth  was  only  in 
one  direction.  As  the  surface  indicates,  the  crystalline  skeleton  has 
been  nearly  filled  up  with  amorphous  calcium  carbonate. 

In  addition  to  the  sections  given  and  others  like  them  of  large  crys- 
tals, numerous  thin  sections  were  also  cut  transverse  and  longitudinal 
to  smaller  crystals.  They  revealed  under  the  microscope  tie  same 
points  which  the  microscopic  examination  of  the  larger  sections 
showed — that  is,  the  presence  of  the  same  skeleton  of  crystallized  cal- 
cium carbonate  with  the  concretionary  depositions  added  to  it.  The 
calcite  grains  are  large,  each  one  having  a  distinct  rounded  or  elliptical 
outline,  and  they  are  packed  closely  together,  with  a  little  brownish 
amorphous  matter  between  them.  Many  of  them  show  the  rhombohe 
dral  cleavage;  others  show  a  crystalline  nucleus  which  has  apparently 
grown  by  the  addition  of  further  crystalline  matter.  The  secondary 
calcium  carbonate  has  generally  a  concentric  or  banded  structure  resem- 
bling some  kinds  of  opal. 

These  sections  also  show  another  point  of  interest,  namely,  the  pres- 
ence of  groups  of  acicular  crystals  in  parallel  position  filling  more  or 
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less  completely  the  cavities  in  the  skeleton  stmctnre,  and  sometimes  pro- 
jecting into  the  cavities.  These  are  seen  in  many  cases,  and  are  the  gen- 
eral mle,  though  sometimes  absent;  they  are  indicated  magnified  eight 
times  iu  Fig.  15.  These  acicniar  crystals  show  uniformly  extinction  par- 
allel to  their  prismatic  direction,  and  hence  it  seems  clear  that  they  must 
belong  to  an  orthometric  system.  It  seems  probable  that  they  are  ara- 
gonite.  A  chemical  examination  of  an  uncovered  slide  gave  results  in 
accordance  with  thii^  suggestion. 

A  section  of  one  of  the  crystals  from  the  Domes  is  shown  in  Fig.  12 
magnified  eight  times.  To  the  eye  the  broken  crystal  appeared  to  be 
crystalline  throughout;  in  the  section,  however,  as  examined  under  the 
microscope  there  is  seen  to  be  a  crystalline  frame- work  made  up  of  cal- 
cite  grains,  filled  in  with  amorphous  matter,  and  in  addition  outer 
layers  of  banded  opal-like  carbonate,  so  that  it  conforms  in  general  to 
cases  like  those  before  represented.  The  diagonal  lines  are  here  clearly 
developed,  and  there  are  also  rectangular  lines  more  or  less  diHtinctly 
indicated.  These  are  illustrated  somewhat  obscurely  in  the  figures. 
Other  sections  illustrated  essentially  the  same  relations. 

Structure  in  dissected  crystals. — ^As  has  been  stated,  the  external 
form  of  the  thinolite  crystals  seldom  gives  the  true  crystalline  form. 
The  process  of  dissection,  however,  which  has  laid  bare  the  skeleton- 
like  ribs  which  have  been  described,  sometimes  results  in  showing  the 
true  pyramidal  form  of  the  original  mineral.  In  such  cases  we  may 
have  a  series  of  skeleton  crystals,  each  a  hollow  pyramid  as  a  cap  to 
the  one  preceding.  This  is  shown  in  Fig.  9,  which  will  explain  itself, 
and  again  in  Fig.  10  (both  natural  size).  In  another  case  a  mass  of  the 
calcareous  tufa,  showing  little  structure,  has  its  surface  paitially  cov- 
ered with  pyramidal  crystals  an  inch  in  length.  Each  one  was  a  skeleton 
crystal  inclosing  a  pyramidal  crystal,  and  sometimes  several  crystals, 
after  the  fashion  of  a  nest  of  pill-boxes.  The  outer  surface  of  the  crys- 
tals was  incrusted  with  a  moss-like  covering,  often  entirely  hiding  the 
form.  Two  of  these  are  represented  in  Figs.  16  and  17  (natural  size), 
and  another  in  Fig.  29,  Plate  III. 

THIKOLITE  FROM  MONO  LAKE. 

The  thinolite  from  the  shores  of  Mono  Lake  conforms  in  all  essential 
respects  to  that  which  has  been  described  from  PyramidXake,  although 
on  a  superficial  examination  it  presents  a  somewhat  different  aspect.  It 
belongs  in  general  to  the  more  compact  variety,  although  the  same 
skeleton  character  appears  on  the  cross  fracture,  and  occasional  speci- 
mens are  nearly  as  open  and  porous  as  those  from  the  Marble  Buttes. 
The  common  color  is  light  gray  to  nearly  white.  Many  of  the  specimens 
consist  of  groups  of  elongated  crystals,  in  which  each  crystal  is  built  up 
of  an  indefinite  number  of  sub-individuals  bundled  together  in  parallel 
position,  each  of  these  having  an  acute  pyramidal  form  more  Or  less  dis- 
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tinct.  This  is  shown  in  Figs.  19  and  20,  Plate  III,  and  even  more  clearl3- 
in  Fig.  21 ;  Fig.  24  also  shows  something  of  it  (all  natural  size).  Groaps 
of  sharp,  almost  acicnlar  crystals  in  widely  divergent  positions  are  also 
common,  and  their  surfaces  are  generally  studded  with  rounded  warty 
elevations  of  subsequently  deposited  calcium  carbonate  (see  Figs.  23  and 
24).  The  substance  of  these  crystals  is  frequently  perfectly  firm  and 
compact,  as  much  so  as  a  very  fine-grained  white  marble,  and  no  evi* 
dence  of  the  characteristic  structure  is  seen  until  a  cross-section  is  cut 
and  polished.  In  other  cases  the  groups  of  crystals  are  so  thickly  coated 
with  the  subsequent  deposit  that  they  appear  like  a  mass  of  stalactites 
rather  than  crystalline  forms.  On  the  other  hand,  a  cross-section  of  a 
composite  group  of  minute  parallel  crystals,  like  that  in  Fig.  21,  shows 
the  same  open  system  of  rectangular  and  diagonal  ribs  represented  in 
Plate  n.  Fig.  22  represents  a  section  from  the  extremity  of  the  speci- 
men shown  in  Fig.  21,  both  ends  of  which  were  sawn  across  transversely. 

THINOLITE    FROM   WALKER    LAKE,    AND    FROM    BLACK    ROCK    AND 

8M0KE   CREEK   DESERTS. 

As  has  already  been  stated,  Mr.  Bussell  has  found  evidence  of  a  second 
deposit  of  thinolite  in  the  Lahontan  basin  subsequent  to  the  formation 
of  the  dendritic  tufa.  This  deposit  was  apparently  only  of  limited  ex- 
tent. The  localities  noted  are  on  the  shores  of  Walker  Lake  and  in 
the  Black  Bock  and  Smoke  Greek  deserts.  A  few  specimens  have  been 
placed  in  the  hands  of  the  writer.  The  specimen  from  Walker  Lake  is 
a  little  obscure  and  exhibits  the  characteristic  forms  with  much  less  dis- 
tinctness than  the  specimens  from  Pyramid  Lake.  Many  of  the  crystals 
have  lost  their  original  shape  entirely,  and  others  are  only  figiintly  sug- 
gestive of  the  square  pyramidal  form.  There  are  enough,  however,  which 
do  show  this  to  remove  all  doubt  as  to  the  correctness  of  identificatioD. 

The  specimens  from  the  Black  Bock  Desert  are  peculiar,  in  that  the 
nucleus  of  thinolite  crystals  passes  into  a  dense  stony  tufa,  which  forms 
a  cluster  of  rosettes  about  it  somewhat  like  a  head  of  caulifiower.  This 
is  shown  in  Fig.  1 8  (reduced  one-half).  The  crystals  offer  no  i>oints  of 
special  interest,  but  exhibit  the  characteristic  form  distinctly  enough. 


OBIGIIN'AL   CBYSTALLIKE   FOBM   OF  THE  THrNOLITB. 

The  description  of  the  specimens  of  thinolite  given  has  revealed 

clearly  the  crystalline  tbrm  of  the  original  mineral.    Distinct  cxystals, 

showing  the  external  form  sharply,  are,  to  be  sure,  rare,  but  there  are 

many  which  suggest  this  form.    What  is  wanting  in  them,  however,  is 

made  good  by  the  wonderful  process  of  dissection  which  has  gone  on, 

revealing,  as  perfectly  as  could  be  desired,  the  true  crystalline  structure 

of  the  original  mineral. 
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All  of  the  forms  observed  conform  to  an  acate  tetragonal  pyramid. 
The  section  in  Pig.  2,  showiug  the  system  of  parallel  plates  at  right 
angles  to  each  other,  is  alone  evidence  that  the  original  crystals  belonged 
to  an  ortbometric  system ;  and  farther,  the  diagonal  lines,  also  cross- 
ing each  other  at  right  angles,  fix  this  system  as  the  tetragonal.  The 
external  form,  wherever  distinct,  agrees  with  this  (see  Fig.  7;  also  Figs. 
9, 10,  16, 17,  29);  so  that  the  question  may  be  considered  as  definitely 
settled  beyond  all  reasonable  donbt.  A  form  approximating  closely  to 
the  tetragonal,  but  belonging  to  a  system  of  lower  symmetry,  would 
also  answer  the  conditions ;  but  everything  seems  to  point  to  the  fact 
that  both,  the  sets  of  diagonal  ribs  shown  in  the  figures  are  similar 
crystallographic  lines,  and  that  the  same  is  true  of  both  sets  of  rectan- 
gular ribs,  which  can  be  the  case  only  in  the  tetragonal  system.  The 
measurement  of  angles  leads  to  the  same  conclusion,  but  only  an 
approximate  degree  of  accuracy  is  attainable.  If  attention  were  di- 
rected alone  to  the  external  pyramidal  form,  many  exceptions  seemingly 
at  variance  with  the  tetragonal  system  might  be  observed.  Many  of  the 
pyramidal  forms  are  flattened  in  the  direction  of  one  of  the  diagonals. 
This  is  true  both  of  the  skeleton  forms  and  of  those  which  have  been 
rounded  out  by  subsequent  deposition.  In  the  former  case  the  explana- 
tion is  simply  that  in  the  direction  of  one  of  the  diagonals  more  of 
the  crystal  has  been  dissolved  away  than  in  the  other,  and  when  this 
has  first  happened,  and  then  calcium  carbonate  has  been  deposited  upon 
the  skeleton,  the  result  has  been  to  produce  a  form  looking  like  an 
orthorbombic  or  monoclinic  pyramid,  with  a  wide  difference  in  the  pyr- 
amidal angle. 

The  terminal  angle  of  the  ideal  square  pyramid,  to  which  the  thinolite 
is  to  be  referred,  can  be  measured  only  approximately.  The  measure- 
ment of  the  external  forms  of  the  crystals  is  extremely  uncertain,  be- 
cause the  alteration  which  has  taken  place,  as  noted  above,  has  naturally 
had  the  result  of  changing  the  dimensions  of  the  original  form  widely. 
The  measui*ement  of  the  angle  given  by  the  structure  lines,  as  shown  in 
Fig.  5,  is  more  reliable,  but  is  also  uncertain  because  of  their  want  of  sharp- 
ness, and  because  of  the  doubt  as  to  whether  the  longitudinal  section 
has  been  cut  exactly  parallel  to  the  vertical  axis  or  somewhat  inclined 
to  it.  The  results  given  by  such  forms  as  those  in  Figs.  9  and  10  seem 
a  little  more  trustworthy,  but  those,  too,  do  not  admit  of  exact  measure- 
ment. The  angle  obtained  in  a  number  of  cases  irom  such  dissected 
crystals,  measured  over  the  summit,  varied  from  26^  to  36^,  and  some 
forms  were  even  more  acute.  The  most  probable  resu  It,  perhaps,  is  35^ 
which,  as  nearly  as  can  be  measured,  is  the  angle  of  the  structure 
plates,  as  shown  in  Fig.  5.  In  any  case  the  result  can  be  considered  as 
but  a  mere  approximation. 

^  The  ideal  form,  then,  may  be  accepted  as  that  of  a  tetragonal  pyra- 
mid or  octahedron,  measuring  over  the  summit  35^,  and  consequently 
having  a  terminal  pyramidal  angle  of  95^^  and  a  basal  angle  of  145o. 
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The  correspoDdiDg  length  of  the  vertical  axis  is  c  =  2.24.  It  ia  very 
probable  that  two  or  more  acute  pyramids,  all  referable  to  the  sauic 
iuiidamental  form,  were  present  in  the  original  crystals;  the  measure- 
ments seem  to  point  to  this,  and  the  analogous  psendomorphs  after 
phosgenite,  mentioned  later,  certainly  show  this  variation. 

It  has  already  been  stated  that  in  all  the  larger  elongated  crystals 
the  pyramidal  structure  is  developed  in  one  direction  only,  this  being 
true  even  in  cases  like  that  of  Fig.  4,  where  the  external  form  would 
suggest  that  the  crystal  had  a  double  termination.  The  small  crystals, 
however,  which  have  grown  more  freely,  many  of  them  attached  iu  the 
middle,  seem  to  be  complete  at  both  extremities,  although  the  evidence 
gained  of  this  is  not  absolutely  conclusive. 


CHEMICAIi   NATUBE   OF   THE   OBIGIlN^AIi  MI]S:EBAI-. 

The  description  of  the  original  crystalline  form  of  the  thinolite,  so 
far  as  it  can  be  made  out,  is  sufficiently  complete  to  give  an  emphatic 
negative  answer  to  the  question  as  to  the  nature  of  the  original  mineral. 
It  was  not  gaylussite,  nor  gypsum, nor  anhydrite,  nor  celestite,  nor  glau- 
berite,  nor,  in  fact,  any  one  of  the  mii;ierals  which  might  suggest  itself  as 
a  solution  of  the  problem.  The  crystalline  form  is  totally  irreconcilable 
with  any  one  of  these.  This  is  so  clear,  from  what  has  gone  before,  that 
the  question  admits  of  no  argument  at  all.  But  more  can  be  said  :  the 
original  mineral  was  one  which  does  not  appear  thus  far  to  have  been 
observed  in  its  natural  condition,  although,  as  will  be  shown  later,  it 
]»robably  has  occurred  abundantly  at  numerous  other  localities.  Fur- 
tbermore,  a  review  of  all  the  artificial  salts  of  calcium,  sodium,  and 
magnesium  has  failed  to  bring  to  light  any  one  which  would  satisfy 
tbe  conditions  required. 

It  seems,  therefore,  that  any  explanation  of  the  original  condition  of 
the  thinolite  beds  of  Lake  Lahontan  must,  at  present,  rest  on  hypothetical 
grounds,  and  much  as  a  definite  solution  of  the  problem  is  to  be  desired, 
it  is  not  now  attainable.  A  few  suggestions  may  not  be  out  of  place  here, 
although  the  full  discussion  of  the  subject  belongs  rather  to  the  geologist 
wlio  has  the  whole  subject  in  charge.  The  open  skeleton  forms,  con- 
sisting now  of  crystallized  calcium  carbonate,  make  it  seem  very  probable 
that  the  original  mineral  was  a  double  salt,  and  that  a  salt  containing 
calcium  carbonate  as  one  of  its  members.  Only  on  such  a  supposition 
is  it  easy  to  understand  the  removal  of  so  large  a  part  of  the  original 
material  and  the  leaving  behind  of  these  plates  of  calcium  carbonate, 
marking  the  original  crystalline  structure.  Whether  the  original  crys- 
tals were  or  were  not  solid  throughout,  at  the  time  of  their  formation,  it 
is  not  possible  to  say  now  with  certainty;  very  probably  they  varied 
much  at  different  points  in  this  respect.    From  the  analogy  of  soluble 
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sallb  deposited  rapidly  from  aqueous  solutions,  it  seems  likely  that  open, 
cavernous  forms  were  common,  perhaps  the  rule.  But  even  supposing 
this  to  be  true,  no  one  can  inspect  such  groups  of  skeleton  crystals  as 
those  from  the  Marble  Buttes  without  seeing  that  what  now  remains 
is  only  a  part  of  what  originally  crysta>llized  out  of  the  saline  waters  of 
Lake  Lahontan.  This  fact,  coupled  with  the  other  just  mentioned,  that 
the  remaining  skeleton  consists  of  crystallized  calcite  in  granular  form, 
gives  a  very  important  hint  as  to  the  changes  which  these  crystalline 
beds  have  undergone.  The  successive  steps  may  have  been  as  follows : 
(1)  The  deposition  of  crystals  as  the  lake  waters  evaporated;  (2)  a 
change  of  conditions,  e.  ^.,  an  addition  of  fresh  water  to  the  lake  (as 
supposed  by  King),  leading  to  the  solution  of  a  part  of  the  substance 
of  the  crystals  and  the  simultaneous  recry stall ization  of  the  remaining 
calcium  carbonate;  (3)  the  subsequent  and  independent  deposition  of  the 
carbonate,  solidifying  and  coating  over  the  skeleton  forms.  The  conclu- 
sion reached  by  Mr.  King^  that  the  original  mineral  was  gaylussite  satis- 
fies the  requirements  tolerably  well,  for  it  is  then  necessary  only  to 
explain  the  removal  of  the  sodium  carbonate,  and  the  calcium  carbonate 
remains  behind.  Unfortunately  for  this  hypothesis,  it  is  impossible  to 
reconcile  the  forms  which  now  remain,  showing  how  the  original  mineral 
crystallized,  with  the  monoclinic  form  of  gaylussite.'  Furthermore,  Mr. 
Russell  finds  other  grounds,  independent  of  this  crystallograpic  proof, 
for  the  belief  that  the  supposed  enormous  deposit  of  gaylussite  could 
not  have  taken  place.  But  if  not  gaylussite,  what  was  the  original 
mineral  t 

It  is  hardly  profitable  to  go  beyond  the  above  suggestion,  that  it  may 
have  been  a  double  salt,  containing  GaGOs,  unless  the  hypothesis  can  be 
based  upon  some  observed  facts ;  but  fortunately  some  facts  can  be 
pointed  to  which  lead  to  a  possible  explanation  of  the  enigma,  and 
which  are  in  any  case  very  suggestive. 

The  only  crystalline  forms  bearing  lyiy  close  resemblance  to  the  acute 
tetragonal  p;^  rainids  of  the  thinolite,  of  which  the  writer  has  any  knowl- 
edge, are  those  of  the  pseudomorphs  of  lead  carbonate  after  phosgenitey 

*  Geological  Exploration  of  the  Fortieth  Parallel,  Vol.  I,  p.  517. 

'At  the  time  when  Mr.  King  had  this  subject  nnder  investigation  he  sabmitted  several 
specimens  to  the  writer  for  inspection,  and  he  then  gave  a  qualified  aseent  to  the  con- 
cloBion  Mr.  King  had  reached  in  regard  to  them.  One  of  these  specimens,  as  Mr.  King 
had  noted,  showed  some  crystals  which  bore  a  remarkably  close  resemblance  to  the 
well  known  Sangerhausen  pseudomorphs,  then  generally  referred  to  gaylussite.  This 
similarity  suggested  identity  of  origin — a  conclusion  which  (after  a  further  study  of 
the  same  specimen)  the  present  investigation  has  confirmed,  as  noted  below — and 
thus  gave  apparent  support  to  the  gaylussite  hypothesis.  The  other  specimens  then 
ip  hand  were  somewhat  like  Fig.  1,  on  Plate  II,  and  upon  the  inspection  given  them — 
no  opportunity  was  had  for  careful,  study — they  gave  negative  results;  a  certain 
outward  similarity  to  the  elongated  crystals  of  gaylussite  from  South  America  (called 
o/frr<M,  nails)  was  noted,  but  nothing  more  definite. 
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first  described  by  Krug  von  Nidda,®  from  the  sine  mines  in  Upper  Sile- 
sia. This  similanty  in  habit  and  angle  is  the  more  striking,  as  the 
thinolite  form  is  an  unusual  one.  A  number  of  these  pseudomorphs  are 
in  the  Blnm  collection,  which  became  the  property  of  the  Yale  Mineral- 
ogical  Museum  in  1872.  They  correspond  to  the  description  given  by 
Kvug  von  Nidda.  They  have  the  form  of  a  square  prism,  sometimes 
terminated  by  a  pyramid  having  an  angle  over  the  extremity  of  abont 
36^,  and  occasionally  show  traces  of  an  octiigonal  pyramid ;  other  forms 
show  only  a  very  acute  square  octahedron,  with  a  summit  angle  of  abont 
13°  in  one  case  and  26^  in  another.  One  specimen  shows  these  forms 
imbedded  in  a  whit^  clay.  They  are  now  completely  altered  to  compact, 
fine-granular  lead  carbonate,  except  for  the  presence  of  an  occasional 
minute  nucleus  of  the  original  mineral. 

The  hypothesis  to  which  this  resemblance  leads  is  this :  that  the  orig- 
inal mineral  may  have  been  a  chloro-carbanate  of  calcium  isomorphous  tcith 
phosgenite)  that  is,  a  mineral  having  the  composition  OaCOs-fCaCls  iso- 
morphous  with  PbOOs+PbCU,  and  now  altered  to  CaCOa  as  is  the 
phosgenite  to  PbOOa.  The  hyi>otlic\si8,  as  far  as  the  crystallographic 
relations  are  concerned,  i^  a  most  natural  ono.  The  difficulty  arises 
when  we  consider  the  ])ccnliar  nature  of  calcium  chloride,  an<i  hence 
question  whether  an  anhydrous  molecular  compound  of  iialcium  car- 
bonate and  calcium  chloride  couhl  have  been  deposited  from  the  waters 
of  Lake  Lahontan.  Obviously  this  is  a  subject  for  synthetic  experi- 
ment, and  whatever  the  nature  of  the  original  mineral,  it  ought  to  be 
possible  to  approximate  to  the  conditions  under  which  it  was  made  and 
so  to  reproduce  it.  It  is  to  be  hoped  that  the  work  now  being  carried 
forward  by  the  chemists  of  the  Geological  Survey  may  lead  to  some  de- 
cisive results  in  this  direction. 

In  the  mean  time  it  is  interesting  to  note  the  only  case  in  which,  so 
far  as  the  writer  can  ascertain,  a  chloro-carbonate  of  calcium  has  been 
formed.  The  experiments  are  dencribed  by  Fritzsche  in  the  Bulletin  of 
the  St.  Petersburg  Academy,  iii,  2S5,  Nov.  30, 1860,  and  reprinted  in  the 
Journal  fiir  praktische  Ghemie.'^  He  states  that  on  evaporating  the 
solution  of  crystallized  calcium  chloride,  ]>repared  in  large  quantities 
for  technical  purposes,  there  remained  a  small  amount  of  a  sandy  powder, 
which  kept  a  yellowish  aspect  so  long  as  the  calcium  chloride  solution 
was  concentrated,  but  in  a  dilute  solution  became  finally  white.  When 
some  of  the  crystals  were  placed  on  a  glass  slide  under  the  microscope, 
and  then  water  i>oured  upon  them,  it  was  observed  that  they  for  a  mo- 
ment were  completely  transparent  and  underwent  no  change;  soon,  how- 
ever, the  surface  became  clouded,  and  then  a  granular  separation  took 

place  gradually.    As  the  GaCU  was  dissolved  they  entii-ely  lodt  their 

» ' — — — 

*  Krug  yon  Nidda:  Ueber  das  Vorkommon  des  HoruUleierzes  und  des  WoissbleierzM 
in  den  Krystallformen  des  ersteren  in  Oberschlosien,  Zeitsch.  geol.  Qesell^ch.  ii^  1^ 
1850.     See  also  Blnm,  pReudomorphosen,  Zweit-er  Nachtrag,  G8. 

^J.  Fritzsche:  Ueber  ein  Doppolsalz  ans  kohlensanrem  Kalk  uud  ciilorcaleiimi, 
Joum.  prakt.  Chem.,  Ixxxiii,  213,  1861. 
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transparency,  and  finally  there  remained  only  a  skeleton  of  calcium  car- 
bonate corresponding  in  form  and  size  to  the  original  crystal.  These  fell 
to  pieces  when  touched,  and  there  resulted  minute  spherical  masses  of 
probably  amorphous  carbonate.  This  salt  was  found  to  have  the  com- 
position 2CaC03+CaCl2+6HgO.  The  crystals  were  shown  by  v.  Kok- 
scharof  to  belong  either  to  the  orthorhombic  or  monoclinic  system.  It  is 
not  to  be  sup}K)sed  that  this  salt  of  Fritzsche  is  in  any  way  an  explana- 
tion of  the  thinolite  enigma,  and  yet  his  observations  are  of  great  inter- 
est in  this  connection.  In  order  ^  complete  the  subject  the  fact  may  bi; 
noted  that  Berthier^  speaks  of  forming  a  compound  of  calcium  carbon- 
ate and  chloride  by  fusion. 

Another  hypothesis  may  be  offered  as  to  the  composition  of  the  orig 
inal  mineral,  viz,  that  it  was  a  double  salt  of  calcium  and  sodium,  per- 
haps conforming  to  the  formula  CaCOs+NaCl,  or  better  0aCO3+2NaCl, 
which,  it  is  possible,  might  also  be  isomorphous  with  phosgenite. 
This  is  so  purely  hypothetical  that  very  little  weight  can  be  given  to  it; 
still  it  may  not  be  entirely  useless  to  throw  out  the  suggestion,  although 
various  serious  objections  at  once  come  up  to  mind.  In  any  case  it 
must  be  borne  in  mind  that  carbonates  and  chlorides  were  the  salts 
most  likely  to  be  precipitated  from  the  lake  water,  and  calcium  and 
sodium  were  the  prominent  basic  elements  at  hand. 


REIiATIOK  OF  THE  THINOIilTE  TO  THE  SO-CAIiljED 
GAYIiUSSITE  PSEUDOMORPHS  OF  SAKGEBHAUSEK 
AND    OTHER    liOCAIilTIES. 

The  interest  connected  with  the  thinolite  is  much  increased  by  the 
fact  of  its  relation  to  the  well-known  "  barleycorn  ^  pseudomorphs  from 
Obersdorf,  near  Sangerhausen,  in  Thuringia,  one  of  the  most  remarkable 
and  enigmatical  cases  of  pseudomorphs  ever  recorded.  These  crystals 
were  first  described  by  Freiesleben®  in  1827,  and  at  that  time  referred 
by  Breithaupt*"  to  gaylussite.  They  were  early  called  "  natrocalcite^ 
on  the  mistaken  idea  that  they  contained  soda.  This  conclusion  has  been 
accepted  by  most  authors  since  that  time,  although  Des  Cloizeaux,"  in 
1843,  referred  them  to  the  variety  of  celestite  called  by  Hatty  apotome^ 
and  Kenngott,'^  in  1870,  suggested  that  gypsum  might  be  the  original 
mineral,  and  Groth,"  in  1878,  suggested  anhydrite.    The  Sangerhausen 

•Berthier:  Ann.  Chim.  Phys.,  II,  xxxviii,  253,  1828. 

0  Freiesleben :  Isia,  xx,  335  et  seq.j  1827.  Mag.  Orykt.  Sachson,  No.  7,  118  et  teg., 
1836  (quoted  by  Blum). 

10  Breithanpt :  Mag.  Orykt.  Sachsen,  Ko.  7,  287, 1836  (quoted  by  Blum). 

>*  Dc8  Cloizeaux:  D^turminatioDs  des  formes  primitives  et  seoondaires  de  la  Gay- 
lussite. Ann.  Chim.  Phys.,  Ill,  vii,  489,  1843.  Observations  sur  la  calcite,  ib.,  p. 
494.    See  also  Min^ralogio,  ii,  119, 1874. 

i<Kenngott:  Quoted  by  vom  Rath,  PoggendorfiTs  Annalen,  £rg.-Bd.,  v,  442, 1870. 

IS  Groth :  Min.  Samml.    Strassbnrg,  p.  142, 1878. 

(445) 


26  THINOLITE   OP   LAKE   LAUONTAN.  Cbdli.ii 

pseudomorphs  are  described  in  detail  in  Blum's  work  on  Pseodo- 
morphs.^^  They  occnr  imbedded  in  clay  as  complete  crystals,  either 
single  or  in  complex  groups  formed  by  two  or  more  crystals,  interpene- 
trating each  other ;  sometimes  as  many  as  twenty  are  united  to  form  a 
star-shaped  group.  They  average  half  an  inch  in  length,  but  occa- 
sionally are  1,  2,  or  even  2}  inches  long.  The  color  is  generally  a  pale 
yellow.  They  consist  of  a  hard  shell,  with  polished  surface,  smooth, 
except  for  a  system  of  fine  markings,  and  within  contain  a  confused 
mass  of  loosely  cohering  calcite  grains*  They  are  represented  in  Figs. 
26,  31,  and  32.  Dr.  E.  Geinitz,^^  who  has  made  a  special  study  of  them, 
has  observed  within  a  series  of  zones  of  harder  material  parallel  to  the 
sides,  rib-like,  between  which  the  loose  calcite  grains  are  inclosed.  Simi- 
lar pseudomorphs  have  been  observed  at  a  number  of  other  localities. 
Haidinger'^  has  described  them  as  occurring  in  lake  deposits  in  a  lime- 
stone cave  in  the  Tufna  at  Hermanecz,  near  Neusohl,  Hungary.  This 
cave  contained  largo  quantities  of  bone  remains,  especially  those  of 
cave  bears,  and  the  crystals  themselves  came  from  the  skull  of  an  Ursua 
ftpeUeus. 

(jr.  Bose^'^  announced  the  occurrence  of  similar  pseudomorphons  crys- 
tals at  the  village  Rating,  in  the  neighborhood  of  Tonningen,  in  Silesia. 
They  were  found  here  in  marl,  6  or  7  feet  under  the  soil,  and  resembled 
those  from  Sangerhausen  closely,  except  that  they  did  not  have  the 
smooth,  hard  shell ;  one  of  the^se  is  represented  in  Fig.  38.  Still  otber 
localities  are  the  east  coast  of  Australia,  mentioned  by  Yolger^''  and 
Blum  ;^^  in  the  clay  at  the  Krummer  Horn,  on  the  Dollart,  in  North  Fries- 
land,  as  mentioned  by  Yom.  Bath  ;^  and  from  the  Zechsteiu,  between 
Amt-Gehren  and  Kouigsee,  at  the  base  of  the  Thuringiau  forest,  as 
noted  by  E.  K.  Schmid.*^  To  the  above  should  probably  be  added 
Glendon,  in  New  South  Wales,  and  Astoria,  Oregon,  mentioned  by  J.  D. 
Dana.**  The  first  of  these  last-mentioned  localities  afibrded  in  clay  pseu- 
domorphons crystals  of  granular  crystallized  calcite,  dark  in  color,  and 
having  a  rough  surface,  and  up  to  20  inches  in  length,  but  usu;illy  3  or 
4  inches;  often  in  star-shaped  groups  of  two,  four,  or  more  crystals.  At 
the  second  were  obtained  crystalline  forms,  also  of  compact  granular 
calcite,  and  of  an  irregular  quadratic  or  rhombic  form,  sometimes  much 

^*  Blum :  Pseudomorphosen,  p.  16,  1843. 

i^E.  Qeinitz:  Stodiea  ttber  Mineral-Pseadomorphosen.  Inaug.  Diss.  Stiltigait, 
1876,  p.  35. 

'"Haidinger:  Ueber  eine  iiene  Localitat  von  Gay-Lussit-PBendomorphosen.  Pogg- 
endorff's  Annalen,  liii,  142, 1841. 

^'G.  Rose:  Poggendorff's  Annalen,  liii,  144,  1841. 

M  Volger:  Erde  nnd  Ewigkeit,  die  natUrliclie  Geschiohte  der  Erde,  etc.,  p.  497, 1857, 
Jahrb.  Min.,  1864,  339. 

^^Blum :  Pseadomorphosen ;  dritter  Nachtrag,  p.  13, 1863 ;  vierter  Naohtrag,  p.  8,1879. 

^G.  Tom  fiath:  Calcitkrystalle  (Froiesleben)  am  Dollart  in  Ostfrieland,  Poggen- 
dorff's  Annalen,  czxxv,  5b8, 1868. 

«  £.  £.  Sohmid:  Sitz.  med.-nat.  Ges.  Jena,  July  9, 1880. 

"J.  D.  Dana:  Geology,  U.  S.  Exploring  Expedition,  1849,  p.  481  and  p.  656. 
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flattened.  Figs.  34, 35  (Oregon),  and  36, 37  (Sew  Soatli  Wales)  are  copied 
(reduced  one-balf)  from  those  given  in  the  report  mentioned.  Thin 
sections  of  both  occurrences  showed  only  a  compact  granular  structure, 
nothing  resembling  Fig.  2  or  3.  P.  W.  Jerem^jew^  speaks  of  arago- 
nite  pseudomorphs  (after  celestite)  from  the  sea  bottom  near  Archan- 
gelsk,  liussia,  which  resemble  the  Sangerhausen  crystals;  they  are 
brought  up  by  the  fishermen,  and  believed  to  have  a  remarkable  healing 
power. 

The  suggestion  of  the  probable  identity  of  the  Sangerhausen  crystals 
with  the  Lake  Lahontan  thinolite  may  at  first  thought  seem'  worthy  of. 
little  attention.  It  is  certainly  true  that  the  two  occurrences  are  most 
diverse  in  many  of  their  forms.  And  yet,  on  the  other  hand,  it  is  easy 
to  find  crystals  of  thinolite  which  bear  a  marvelously  close  resemblance 
to  the  Sangerhausen  pseudomorphs.  In  the  confused  mass  of  small 
interpenetrating  crystals,  which  have  been  described  as  coming  from 
the  Marble  Bnttes,  Pyramid  Lake,  many  of  the  individuals  have  the 
same  quadratic  or  rhombic  section,  the  same  curved  and  tapering  form, 
and  the  same  method  of  grouping.  Among  the  crystals  from  Mono 
Lake,  too,  are  many  which  have  a  like  resemblance.  One  specimen  in 
particular,  collected  by  Mr.  King  from  Pyramid  Lake,  exhibits  the 
similarity  most  strikingly ;  it  was  this  specimen  which,  as  already  men- 
tioned, had  most  weight  in  leading  Mr.  King  to  his  conclusion  (I,  c,  p. 
518)  that  ''the  entire  thinolite  formation,  with  all  its  enormous  devel- 
opment, its  extent  of  hundreds  of  miles,  its  thickness  of  20  to  lo()  feet, 
was  nothing  less  than  a  gigantic  deposit  of  gaylussite  crystals."  This 
specimen  shows  a  number  of  acute  tapering  pyramidal  crystals  closely 
resembling  the  Sangerhausen  crystals.  Two  of  these,  which  project  into 
a  little  cavity,  are  represented  in  Figs.  27  and  28.  The  larger  of  these 
is  nearly  square  in  section,  and  the  other  is  distinctly  rhombic;  both  of 
them  show  on  their  surface  markings  similar  to  those  which  character- 
ize the  Thuringian  pseudomorphs,  as  shown  in  Figs.  32  and  33.  It 
should  be  added,  too,  that  in  the  groups  of  crystals  from  Mono  Lake 
are  to  be  found  some  which  have  a  hard,  shell-like  exterior,  and  which 
bear  similar  markings.  These  are,  in  the  opinion  of  the  writer,  not  stria- 
tions  characteristic  of  the  original  mineral  (as  suggested  by  Des  Oloi- 
zeaux),  but  structure  forms  of  the  pseudomorphous  calcite,  analogous  to 
the  vicinal  prominences  of  scalenohedral  or  rhombohedral  form,  which 
calcite  crystals  often  show.  Compare  the  figures  given  by  Scharff ^  in 
his  memoir  on  calcite;  compare  also  Figs.  25  and  33  with  26;  also  27, 
28,  and  30  with  31  and  32. 

Were  a  comparison,  then,  to  be  made  only  between  these  pseudomorphs 
and  certain  selected  crystals  of  thinolite,  exceptional  in  their  perfection 

^  P.  W.  Jerem^Jew :  Zeitsoh.  Kryst.,  vii,  204  (Verhandl.  Ross.  Min.  Gee  St.  Pet.,  II, 
xvii,  319, 1882). 

**  Scharff :  Ueber  den  inneren  Zusammenhang  der  yerscliiedenen  Krystallgeatalten 
des  Kalkapaths.    Abhandl.  Benok.  nat.  Ges.  z,  1876. 
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of  form,  no  one  could  hesitate  to  decide  that  there  was  every  proba. 
bility  of  their  having  had  the  same  origin,  especially  when  it  is  re- 
membered that  chemically  they  are  identical.  This  conclosion  is  not 
invalidated  by  the  fact  that  the  thinolite  crystals  are  developed  in  other 
forms  in  which  this  resemblance  is  not  observable.  It  may  be  objected 
that  it  is  difficult  to  believe  that  the  original  mineral,  in  the  case  of  the 
Sangerhausen  pseudomorphs,  for  example,  belonged  to  the  tetragonal 
system.  It  is  true  that  many  of  these  crystals  are  most  decidedly  rhombic 
in  appearance.  One  in  the  writer's  hands,  for  example,  afforded  approxi- 
mate terminal  pyramidal  angles  of  85^  and  127^;  but,  on  theotherhand, 
of  the  crystals  which  the  writer  has  had  an  opportunity  to  examine- 
upwards  of  fifty  in  number — ^three- fourths  vary  but  little  from  the  tetrag- 
onal type.  Of  course  no  trustworthy  measurements  are  possible,  because 
of  the  tapering,  rounded  form.  The  differences  observed,  then,  are  be- 
lieved to  be  due  to  the  pseudomorphous  process  through  which  they 
have  passed,  involving  the  solution  and  removal  of  part  of  the  original 
substance  and  the  deposition  of  more  or  less  calcium  carbonate  subse- 
quently. The  variation  from  the  tetragonal  type  in  the  acute  pyramidal 
forms  of  the  thinolite  is  as  great  as  in  the  foreign  crystals  which  they  so 
closely  resemble,  and  the  true  form  of  the  former  would  be  doubtful 
were  it  not  for  the  dissected  crystals  in  which  the  tetragonal  structure 
is  so  clearly  shown.  Note  here  the  observations  of  Dr.  B.  Oeinitz  on 
Sangerhausen  crystals  (p.  26)  showing  the  presence  of  ribs  within  par- 
allel to  the  sides;  these  appear  to  be  analogous  to  the  ribs  as  shown  in 
Figs.  2  and  3,  etc. 

The  writer  is  of  the  opinion,  then^  that  the  original  mineral,  depos- 
ited on  an  enormous  scale  in  the  Lahontan  Basin,  was,  in  all  probability, 
the  same  as  that  which  formed  the  isolated  crystalsin  the  Sangerhanseo 
clay,  in  the  marl  at  Rating,  and  in  the  skull  of  the  cave  bear  at  Her- 
manecz ;  and  if  this  is  the  case,  then  whatever  hypothetical  conclusion 
is  reached  in  regard  to  the  origin  of  the  thinolite  must  apply  also  to 
the  other  cases.  It  is  on  this  account  that,  in  view  of  the  importance 
of  the  subject  under  discussion,  it  has  seemed  worth  while  to  consider 
these  foreign  pseudomorphs  at  such  length.  Unfortunately  this  most 
interesting  problem  can  be  considered  as  only  half  solved. 

In  concluding  this  paper  the  writer  would  express  his  appreciation  of 
the  kindness  with  which  Mr.  Russell  has  assisted  him  at  every  point  in 
his  investigations. 
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Fig.  1.  Group  of  thinolite  cr^'stals  from  Marble  Buttos,  Pyramid  Lake  (reduced  oi  e- 
half) ;  open  porous  variety. 

FiQS.  2  and  3.  Transverse  sections,  natural  size ;  Fig.  2,  open  skeleton  form ;  Yir,  3,  par- 
tially filled  up  with  amorphous  CaCOa.  These  sections  show  the  system  of  rect- 
angular (square)  and  diagonal  ribs,  which  consist  of  granular  crystalline  CaCO». 

Fig.  4.  External  appearjince  (reduced  one-half)  of  a  single  crystal,  with  part  of  a 
second,  the  internal  structure  of  \«hich  shows  that  it  has  but  a  single  termina- 
tion; the  comparatively  smooth  surface  is  due  to  the  secondary  deposition  of 
CaCOa. 

Fia.  5.  Longitudinal  section  of  open  variety  (reduced  one-half),  showing  the  two  sys- 
tems of  plates  converging  upward  at  an  angle  of  about  35^. 

Fig.  6.  Complete  crystal  (reduced  one-half)  which  yielded  the  section  in  Fig.  2;  the 
line  in  which  the  section  was  made  is  indicated. 

Fig.  7.  Acute  pyramidal  crystal  (reduced  oue-half )  which  yielded  at  its  base  the  sec- 
tion given  in  Figure  3. 

Fig.  8.  Square  pyramidal  crystal  (reduced  one-half)  which  gave,  at  the  point  indi- 
cated, the  section  in  Figure  13;  the  surface  has  been  made  smooth  by  subsequent 
deposition  of  CaCOs. 

Figs.  9  and  10.  Skeleton  crystals  (natural  size)  showing  cap-in-cap  structure,  and  thus 
revealing  the  true  square  x>yramidal  form  of  the  original  mineral. 

Fig.  11.  Crystals  (natural  size)  from  the  Domes,  Pyramid  Lake ;  the  surface  smoothed 
over  by  subsequent  depositions  of  CaCOs^with  sproutings  from  the  edges  and  ex- 
tremities. 

Fig.  12.  Section  (magnified  8  times)  of  a  crystal  from  the  Domes,  like  that  in  Figure 
11,  showing  a  diagonal  and  rectangular  frame- work,  partly  crystalline,  granular, 
partly  amorphous,  with  layers  of  secondary  carbonate  opal-like  in  structure. 

Fig.  13.  Section  (natural  size)  of  the  crystal  shown  in  figure  8,  cut  trausversely  at 
point  indicated;  it  shows  the  same  frame-work  of  granular  crystalline  curbouate, 
partially  filled  in  with  secondary  CaCOs. 

Fig.  14.  Section  (natural  size)  showing  the  usual  frame- work,  partially  filled  in  witli 
secondary  CaCOn,  and  with  successive  layers  also  around  the  outside. 

Fig.  15.  Section  of  a  crystal  from  the  Marble  Buttes,  magnified  8  times,  and  showiu*; 
the  structure  lines  of  crystallized  carbonate,  and  also  in  the  cavities  the  acicular 
crystals  of  aragouite.  (f ) 

Figs.  16  and  17.  Small  pyramidal  crystals  (natural  size),  showing  by  dissection  the 
oap-in-cap  structure,  and  thus,  like  Figs.  9  and  10,  revealing  the  true  pyramidal 
form  of  the  original  mineral. 
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Fig.  18.  Thinolito  from  Black  Rock  Desert  (rednced  one-half),  the  indivldaal  crystals 

rnnning  off  into  a  compact  stony  tafa,  so  that  the  mass  from  above  has  a  canli- 

flower-like  form. 
Figs.  19  and  20.  Thinolite  from  Mono  Lake,  California  (natural  size),  showing  the 

grouping  of  the  composite  crystals. 
Fig.  21.  Thinolite  from  Mono  Lake  (natural  size),  fragment  of  a  large  composite  crys- 
tal, mode  up  of  small  acicular  crystals  in  parallel  position. 
Fig.  22.  Transverse  section  of  the  crystal  represented  in  fig.  21,  showing  the  same 

skeleton  structure  distinct  in  crystals  from  Pyramid  Lake  (Figs. 2, 3,  etc.). 
Ficjp.  23  and  24.  Group  of  thinolite  crystals  from  Mono  Lake  (natural  size),  showing 

the  acicular  form,  and  also  the  way  in  which  the  crystals  are  coated  over  with 

secondary  carbonate. 
Fig.  25.  Group  of  small  crystals'  (magnified  4  times)  from  Mono  Lake,  showing  the 

same  method  of  grouping  common  in  the  Sapgerhausen  pseudomorphs,  as  shown 

in  Fig.  26. 
Fig.  26.  Group  of  Sangerhausen  pseudomorphs  (natural  size) ;  compare  Fig.  525. 
Figs.  27  and  28.  Isolated  thinolite  crystals  (magnified  twice),  showing  resemblance  in 

form  and  surface  marking  to  Sangerhausen  crystals ;  compare  Figs.  31  and  32. 
Fig.  29.  Thinolite  crystal  (natural  size),  showing  cap-in-cap  pyramidal  structure, 

similar  to  Figs.  16  and  17,  Plate  II. 
Fig.  30.  Thinolite  crystal  (magnified  4  times),  showing  resemblance  in  form  to  the 

Sangerhausen  pseudomorphs ;  compare  with  Figs.  31, 32,  and  3d. 
Figs.  31  and  32.  Single  Sangerhausen  crystals,  showing  form  and  external  markings; 

fig.  31,  natural  sixe ;  Fig.  32,  magnified  twice. 
Fig.  33.  Group  of  small  thinolite  crystals  (magnified  4  times);  compare  with  Fig. 26 
Figs.  34  and  :^.  Psendomorphous  crystals,  consisting  of  granular  calcite  fhun  Astoria, 

Oregon, copied  (reduced  one-half)  from  figures  by  J.D.Dana  in  the  Geology  of 

U.  S.  Exploring  Expedition,  p.  656. 
Figs.  36  and  37.  Psendomorphous  crystals,  consisting  of  granular  calcite,  from  New 

South  Wales ;  copied  (reduced  one-half  )from  figures  by  J.  D.  Dana  in  the  Geology 

of  the  U.  S.  Exploring  Expedition,  p.  481. 
Fio.  3d.  Psendomorphous  crystal  from  Kating,  Silesia  (natural  size). 
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The  pnblioatioiia  of  the  United  States  Geologloiil  Soir^  are  iMnedin  aooordaaoe  with  tne  etatate, 
approved  March  3, 1879,  which  deolarea  that-> 

* '  The  pablications  of  the  Geological  Survey  ahall  conaiBt  of  the  ammal  report  of  operatioii8>  geological 
and  economic  maps  illustrating  the  resources  and  clssaifloation  of  the  lands,  and  reports  upon  general 
and  economic  geology  and  i>aleontology.  The  annual  report  of  operations  of  the  Geological  Survey 
shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  oUier- 
wise  in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  scientiflo  exchanges 
and  for  sale  at  the  price  of  publication ;  and  all  literary  and  cartographic  materials  received  in  exchange 
shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organization:  And  the 
money  resulting  from  the  sale  of  such  publioali<ms  shall  be  covered  into  the  Treasury  of  the  United 
SUtes." 

On  July  7, 1882,  the  following  Joint  resolution,  refening  to  all  Government  publications,  was  passed 
by  Congress : 

**  That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed 
in  addition  to  the  number  in  each  case  stated,  the  'usual  number*  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitled  to  reoeive  them."  # 

Under  these  general  laws  it  will  be  seen  that  none  of  the  Survey  publications  are  furnished  to  it  for 
gratuitous  distribution.  The  8,00b  copies  of  the  Annual  BeiM>rt  are  distributed  through  the  document 
rooms  of  Congress.  The  1,900  copies  of  each  of  the  publications  are  distributed  to  the  officers  of  the 
legislative  and  executive  departments  and  to  stated  depositories  throughout  the  United  States. 

Except,  therefore,  in  those  cases  where  an  extra  number  of  any  publication  is  supplied  to  this  office 
by  special  resolution  of  Congress,  as  has  been  done  in  the  oase  of  the  Second,  Third,  Fourth,  and  Fifth 
Annual  Beports,  or  where  a  number  has  been  ordered  for  its  use  by  the  Secretary  of  the  Interior,  as  in 
the  case  of  Mineral  fiesouroes  and  Dictionary  of  Altitudes,  the  Survey  has  no  copies  of  any  of  its  pnb- 
Uoations  for  gratnitona  distribution. 

ANNUAL  BBPOBTS. 

Of  the  Annual  Beports  there  have  been  already  pubiished : 

L  First  Annual  Beport  to  the  Hon.  Carl  Schurs,  by  Clarence  King.  1880.  8^.  79  pp.  1  map.^A 
preliminary  report  describing  plan  ot  organisation  and  publications. 

n.  Beport  of  the  Direotor  of  the  United  States  Geological  Survey  for  188a-*81,  by  J.  W.  PowelL 
1882i.  8°.   Iv,  688  pp.   61  pL   Imap. 

m.  Third  Annual  Beport  of  the  United  States  GeAogioal  Survey,  1881-'82,  by  J.  W.  Powell.  1883. 
8^.  xviil,564pp.  OTpLandmapa. 

ly.  Fourth  Annual  Beport  of  the  United  States  Geological  Survey,  l883-'88,  by  J.  W.  PowelL  1884. 
8^.  xii,  473  pp.  85  pL  and  maps. 

The  Fifth  Annual  Bepoii  la  In  press. 

MONOGBAPH8 

So  far  as  already  detennlned  upon,  the  list  of  the  Monographs  is  as  follows: 
'    I.  The  Precious  Metals,  by  Clarence  Ejng.    In  preparation. 

n.  Tertiary  History  of  the  Grand  Cafion  District,  with  atlas,  by  Capt  C.  E.  Dutton.    Published. 

m.  Geology  of  the  Comstook  Lode  and  Washoe  District,  with  atias,  by  George  F.  Becker.  Pub- 
lished. 

ly .  Comstook  Mining  and  Miners,  by  Eliot  Lord.    Published. 

V.  Copper-bearing  Bocks  of  Lake  Superior,  by  Prof.  B.  D.  Irving.    Published. 

VT.  Older  Mesosolc  Flora  of  Yirginia,  by  Prof.  William  M.  Fontaine.    Published. 

YIL  Silver-lead  Depodta  of  Eureka,  Nevada,  by  Joeeph  S.  Curtis.    Published. 

yill.  Paleontology  of  the  Eureka  District,  Nevada,  by  Charles  D.  Walcott    In  press. 

DC.  Brachiopoda  and  Lamellibianohiata  of  the  Baritan  Clays  and  Greens  and  2£arls  of  New  Jar* 
sey,  by  B.  P.  Whitflald.   in  prefla. 
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Depabtment  of  the  Intebiob, 
UiaTED  States  GEOLoaiOAL  Subyey, 

Washingtanj  D.  C.j  October  16, 1884. 

Sm :  I  have  the  honor  to  sabmit  herewith  a  sketch  of  the  bonndaries 
of  the  United  States,  the  several  States,  and  the  Territories,  as  defined 
by  treaty,  charter,  or  statute. 

Besides  giving  the  present  status  of  these  bonndaries,  I  have  en- 
deavored to  present  an  outline  of  the  history  of  all  important  changes 
of  territory,  with  the  laws  appertaining  thereto. 

This  matter  was  in  great  part  prepared  under  the  direction  of  the 
Superintendent  of  the  Census,  and  it  is  herewith  presented  for  publica- 
tion with  his  full  concurrence. 

I  have  been  greatly  assisted  in  this  work  by  Mr.  Franklin  G.  Butter- 
field,  who  was  formerly  connected  with  the  Census  Office,  by  whose 
labors  most  of  the  material  relating  to  the  boundaries  of  the  States 
upon  the  Atlantic  borders  has  been  compiled. 
Very  respectfully,  yours, 

HBNBT  GANNETT, 

Chief  Oeagrafiker. 
Hon.  J.  W.  Powell, 

Director. 
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OHAPTBE    I. 

BOinSTDABIES  OF  THE  UNITED  STATES,  AKD  ADDITIONS 

TO  ITS  TERRITORY. 

BOUNDARIES    OF   THE   UNITED   STATES. 

The  limits  of  the  United  States  were  first  definitely  laid  down  in  the 
provisional  treaty  made  with  Great  Britain  in  1782.  The  second  article 
of  that  treaty  defines  the  boundary  between  the  United  States  on  the 
one  hand  and  the  British  Possessions  on  the  other,  as  follows : 

From  the  northwest  angle  of  Nova  Scotia^  viz,  that  angle  which  is  formed  by  a  line 
drawn  duo  north  from  the  source  of  St.  Croix  river  to  the  highlands ;  along  the  High- 
lands which  divide  those  rivers  that  empty  themselves  into  the  river  St.  Lawrence, 
from  those  which  fall  into  the  Atlantic  Ocean ,  to  the  north  westernmost  head  of  Con- 
necticut  River ;  thence  down  along  the  middle  of  that  river  to  the  forty-fifth  degree 
of  north  latitude  ;  from  thence,  by  a  line  due  west  on  said  latitude  until  it  strikes 
the  river  Iroquois  or  Cataraquy  (St.  Lawrence) ;  thence'  along  the  middle  of  said 
river  into  Lake  Ontario,  through  the  middle  of  said  lake  until  it  strikes  the  commu- 
nication by  water  between  that  lake  and  Lake  Erie ;  thence  along  the  middle  of  said 
communication  into  Lake  Erie,  through  the  middle  of  said  lake  until  it  arrives  at  the 
water  communication  between  that  lake  and  Lake  Huron  ;  thence  along  the  middle 
of  said  water  communication  into  the  Lake  Huron ;  thence  through  the  middle  of 
said  lake  to  the  water  communication  between  that  lake  and  Lake  Superior ;  thence 
through  Lake  Superior  northward  of  the  Isles  Royal  and  Phelippeaux  to  the  Long 
Lake ;  thence  through  the  middle  of  said  Long  Lake,  and  the  water  communication 
between  it  and  the  Lake  of  the  Woods,  to  the  said  Lake  of  the  Woods ;  thence  through 
the  said  lake  to  the  most  northwestern  point  thereof,  and  from  thence  on  a  due  west 
course  to  the  river  Mississippi ;  thence  by  a  line  to  be  drawn  along  the  middle  of 
the  said  river  Mississippi  until  it  shall  intersect  the  northernmost  part  of  the  thirty-first 
degree  of  north  latitude.  South  by  a  line  to  be  drawn  duo  east  from  the  determina- 
tion of  the  line  last  mentioned,  in  the  latitude  of  thirty-one  degrees  north  of  the 
Equator,  to  the  middle  of  the  river  Apalachicola  or  Catahouche;  thence  along  the 
middle  thereof  to  its  junction  with  the  Flint  River;  thence  strait  to  the  head  of 
St.  Mary's  River;  and  thence  down  along  the  middle  of  St.  Mary's  River  to  the  At- 
lantic Ocean.  East  by  a  line  to  be  drawn  along  the  middle  of  the  river  St.  Croix, 
from  its  mouth  in  the  Bay  of  Fnndy  to  its  source,  and  from  its  source  directly  north 
to  the  aforesaid  highlands  which  divide  the  rivers  that  fall  into  the  Atlantic  Ocean 
fh>m  those  which  fall  into  the  river  St.  Lawrence ;  comprehending  all  islands  within 
twenty  leagues  of  any  part  of  the  shores  of  the  United  States,  and  lyiilg  between  lines 
to  be  drawn  due  east  from  the  points  where  the  aforesaid  boundaries  between  Nova 
Scotia  on  the  one  part  and  East  Florida  on  the  other,  sball  respectively  touch  the  Bay 
of  Fnndy  and  the  Atlantic  Ocean ;  excepting  such  islands  as  now  are,  or  heretofore 
have  been  within  the  limits  of  the  said  province  of  Nova  Scotia. 

9 
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The  boundary  between  the  XlDit^  States  and  the  Spanish  Posaes- 
eiohs,  known  as  the  Floridas,  is  reaffirmed  in  the  treaty  between  the 
United  States  and  Spain,  made  in  1795,  in  the  following  terms : 

The  southern  bonndary  of  the  United  States  which  divides  their  territory  from  the 
Spanish  colonies  of  East  and  West  Florida,  shaU  be  designated  by  a  line  beginning 
on  the  river  Mississippi,  at  the  northernmost  part  of  the  thirty-first  degree  of  latitude 
north  of  the  eqnator,  which  from  thence  shall  be  drawn  due  east  to  the  middle  of  the 
river  Apalachicola  or  Catahonche,  thence  along  the  middle  thereof  to  its  Jonotion  with 
the  Flint ;  thence  straight  to  the  head  of  St.  Mary's  River,  and  thence  down  the 
middle  thereof  to  the  Atlantic  Ocean. 

The  definitive  treaty  of  peace  with  Great  Britain,  concluded  Septem- 
ber 3, 1783,  defines  the  boundaries  of  the  United  States  in  terms  similar 
to  those  of  the  provisional  treaty. 

The  northern  boundary  became  at  once  a  fruitful  source  of  dissension 
between  the  two  countries.  From  the  time  of  the  conclusion  of  peace 
almost  up  to  the  present  day  this  line  has  been  the  subject  of  a  series  of 
treaties,  commissions,  and  surveys  for  the  purpose  of  interpreting  its 
terms. 

The  following  is  in  outline  a  history  of  the  settlement  of  this  boundary : 

The  fourth  article  of  the  treaty  of  London,  signed  November  19, 1794, 
provided  that — 

Whereas  it  is  uncertain  whether  the  river  Mississippi  extends  so  far  to  the  north- 
ward as  to  be  intersected  by  a  line  to  be  drawn  due  west  fh>m  the  Lake  of  the  Woods 
in  the  manner  mentioned  in  the  treaty  of  peace  between  His  Majesty  and  the  United 
States,  etc.,  the  two  parties  will  proceed  by  amicable  negotiation  to  regulate  the 
boundary  line  in  that  quarter. 

This  matter  was  not  settled,  however,  until  1818. 
The  fifth  article  of  the  same  treaty  makes  provision  for  settling  another 
doubtful  point,  as  follows : 

Whereas  doubt»have  arisen  what  river  was  truly  intended  under  the  name  of  the 
river  St.  Croix  mentioned  in  the  said  treaty  of  peace,  and  forming  a  part  of  the 
boundary  therein  described,  that  question  shaU  be  referred  to  the  final  decision  of 
commissions  to  be  appointed  in  the  foUowing  manner,  viz. 

Here  follow  provisions  that  His  Ms^esty  and  the  President  of  the 
United  States  should  each  appoint  a  commissioner,  and  that  these  two 
commissioners  should  agree  on  a  third,  or,  they  failing  to  agree  on  the 
third,  he  was  to  chosen  by  lot  in  their  presence. 

Which  was  the  true  St.  Groix  Biver  had  been  a  matter  of  controversy 
between  the  governments  of  Massachusetts  and  Nova  Scotia  since  the 
year  1764. 

The  commissioners  appointed  under  the  foregoing  provisions  decided, 
ou  the  25th  October,  1798,  the  river  called  Schoodiac  and  the  north- 
em  branch  thereof  (called  Gheputnaticook)  to  be  the  true  river  St 
Groix,  and  that  its  source  was  at  the  northernmost  headspring  of  the 
northern  branch  aforesaid.  A  monument  was  erected  at  that  spot  under 
the  direction  of  the  commissioners.  (See  Memoirs  of  Northeastern 
Boundary,  Gkdlatin,  pages  7,  8.) 
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By  the  treaty  of  peace  concladed  at  Ghent,  December  24, 1814,  it  was 
agreed  to  provide  for  a  final  adjastment  of  the  bonndaries  described  in 
the  treaty  of  1783,  which  had  not  yet  been  ascertained  and  determined, 
embracing  certain  islands  in  the  Bay  of  Fnndy  and  the  whole  of  the 
boundary  line  from  the  scarce  of  the  river  St  Croix  to  the  most  north- 
western point  of  the  Lake  of  the  Woods. 

By  article  4  provision  was  made  for  a  board  of  commissioners  to  settle 
the  title  to  several  islands  in  the  Bay  of  Passamaqaoddy ,  which  is  a  part 
of  the  Bay  of  Fnndy,  and  the  island  of  Grand  Menan  in  the  said  Bay 
of  Fnndy. 

The  fifth  article  made  provision  for  a  board  of  commissioners  to  settle 
the  boundary  from  the  source  of  the  river  St.  Oroix  northward  to  the 
highland  which  divides  those  waters  that  empty  themselves  into  the 
river  St.  Lawrence  from  those  which  fall  into  the  Atlantic  Ocean, 
thence  along  said  highlands  to  the  north  westernmost  head  of  Gonnecti- 
cut  Biver,^  thence  down  along  the  middle  of  that  river  to  the  forty-fifth 
degree  of  north  latitude,  thence  due  west  on  said  latitude  until  it  strikes 
the  river  Iroquois  or  Oataraquy  (St.  Lawrence). 

The  sixth  and  seventh  articles  provided  for  commissioners  to  con- 
tinue the  line  to  the  northwestern  point  of  the  Lake  of  the  Woods. 

(For  further  details  see  treaty.  Statutes  at  Large,  vol.  8,  pages  220-2.) 

It  was  provided  by  this  treaty  that  in  case  any  of  the  boards  of  com- 
missioners were  unable  to  agree,  they  should  make  separately  or  jointly 
a  report  or  reports  to  their  respective  Governments  stating  the  points 
on  which  they  differed,  the  grounds  on  which  they  based  their  respective 
opinions,  etc. 

These  reports  were  to  be  referred  to  some  friendly  sovereign  or  state 
for  arbitration. 

The  first  and  third  boards  of  commissioners  above  mentioned  came  to 
an  agreement,  and  those  portions  of  the  boundary  were  thus  finally  set- 
tled ;  but  the  commission  appointed  under  the  fifth  article,  after  sitting 
nearly  five  years,  could  not  agree  on  any  of  the  matters  referred  to  them, 
nor  even  on  a  general  map  of  the  country  exhibiting  the  boundaries 
respectively  claimed  by  each  party.  They  accordingly  made  separate 
reports  to  their  Governments,  stating  the  points  on  which  they  differed 
and  the  grounds  upon  which  their  respective  opinions  had  been  formed. 

The  first  of  these  commissions  awarded  Moore,  Dudley,  and  Freder- 
ick Isliuids  to  the  United  States,  and  all  other  islands  in  the  Passama- 
quoddy  Bay,  and  the  island  of  Grand  Menan,  to  Great  Britain. 

The  following  is  the  text  of  the  report  of  the  third  of  these  commis- 
sions which  had  under  consideration  that  portion  of  the  northern 
boundary  between  the  point  where  the  forty-fifth  parallel  of  north  lati- 
tude strikes  the  St.  Lawrence  and  the  point  where  the  boundary  reaches 
Lake  Superior: 
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DeoiaioD  of  the  commissionera  nader  the  sixth  article  of  the  treaty  of  Gheut,  done  at 
ntioa,  In  the  State  of  New  Tork,  IBth  Jute,  1823. 

We  do  decide  and  declare  that  thefoUowiog-described  lioe  (which  ie  more  clearlj  in- 
dicated on  a  aeriee  ofnnaps  aocompanyisg  this  report,  exhibiting  correct  survey  and 
delineations  of  all  the  riveni,  lakes,  water  comntnni cations,  and  islands  embraced  bf 
the  sixth  article  of  the  treaty  of  Ghent,  by  a  black  line  ahaded  on  the  British  side 
with  red  and  on  the  American  side  with  blue;  and  each  sheet  of  which  serin  of 
maps  is  identified  by  a  certificate,  snbecribed  by  the  comuissiouers,  and  by  the  two 
principal  anrreyora  employed  by  them)  is  the  true  bonndary  intended  by  the  two  be- 
forementioned  treaties,  that  is  to  say : 

Beginning  at  aetoue  monument,  erected  by  Andrew  Elllcot,  esq.,  in  the  year  1817, 
on  the  south  bagk  or  shore  of  the  said  river  Iroqnoin,  or  Cataraqni  (now  called  Um 
St.  Lawrence),  which  monument  bears  south  74°  45'  west,  and  is  1,840  yards  dis- 
tant from  the  storfb  church  in  the  Indian  village  of  St.  Begin,  and  indicates  the  point 
at  which  the  forty-flfth  parallel  of  north  latitude  strikes  the  said  river;  thence  run- 
ning north  35°  45'  west  into  the  river,  on  a  line  at  right  angles  with  the  sonth- 
eiu  sbore,  to  a  point  100  yards  south  of  the  opposite  island,  called  Cornwall  Island; 
thence  turning  westerly  and  passing  arouDcl  the  soutburn  and  western  sides  of  said 
Island,  keeping  100  yards  distant  therefrom,  and  following  the  curvatDres  of  its 
shores,  to  a  point  opposite  to  the  uorih west  corner  or  angle  of  naid  island;  tbenoe 
tu  and  along  the  middle  of  the  main  river  nntil  it  approaches  the  eastern  extremity 
of  Banihart's  Island ;  thence  nortberiy  along  Ibo  channel  which  divides  the  laot- 
muntioDcd  island  from  the  Canada  shore,  keeping  lOO  yards  distant  troni  the  island, 
until  it  approaches  Sheik's  Island ;  thence  along  the  middle  of  the  strait  which  divides 
Bambart's  and  Sheik's  Islands  to  the  channel  called  the  Long  Sault,  which  separates 
the  two  last- mentioned  islands  from  the  lower  Long  Sault  Island ;  thence  westerly 
(crossing  the  center  of  the  last-mentioned  channel)  nntil  it  approaches  within  100 
yards  of  the  north  shore  of  the  Lower  Sanit  Island;  thence  up  the  north  branch  of  die 
river,  keeping  to  the  north  of  and  near  the  Lower  Sault  Island,  and  also  north  of 
and  near  the  Upper  Sault,  sometimes  called  Baxter's  Island,  and  south  of  the  two 
amall  islands  marked  on  the  map  A  and  B,  tu  the  western  extremity  of  the  Upper 
Sault  or  Baiter's  Island ;  tbence,  passing  between  tbe  two  islands  called  the  Cata, 
to  the  middle  of  the  river  above ;  thence  along  the  middle  of  the  river,  keeping  to 
the  north  of  the  small  islands  marked  C  aud  D,  and  north  also  of  Chrystler's  Island, 
and  of  the  small  island  next  above  it,  marked  K,  nntil  it  approaches  the  north- 
east angle  of  Goose  Neck  Island ;  thence  along  tbe  passage  which  divides  the  last- 
mentioned  island  fro  mthe  Canada  shore,  keeping  100  yards  from  tbe  island  to  the 
upper  end  of  the  same;  thence  south  of  and  near  the  two  small  islands  called  the  Nut 
Islands ;  thence  north  of  and  near  the  island  marked  F,  aud  also  of  the  island  called 
Dry  or  Smaggler's  Island ;  thence  passing  between  the  islands  marked  G  and  H  to  the 
north  of  the  island  called  Isle  au  Rapid  Piatt ;  thenoe  along  tbu  north  side  of  the  last- 
mentioned  island,  keeping  100  yards  from  the  shore,  to  tbe  ujiper  eud  thereof;  thenos 
along  the  middle  of  tbe  river,  keeping  to  tbe  sontb  of  and  near  tbe  islands  called 
Conssin  (or  Tussiu)  and  Presque  Isle;  tbence  up  the  river,  keeping  norih  of  and  near 
the  several  Gallop  Isles  numbered  on  the  map  1 ,  'i,  3,  4,  &,  6, 7, 6,  9,  and  10,  and  also 
of  Tick,  Tlbbits,  and  Chimney  Islands,  and  south  of  and  near  tlie  Gallop  lalea  nnm- 
hered  11,  IS,  and  13,  and  also  of  Duck,  Drutumond,  and  Sheep  Islands ;  thence  along 
the  middle  of  the  river,  passing  north  of  island  No.  14,  south  of  l!>and  16,  north  of  17, 
south  of  IB,  19,  20,  21,  22,  23,  24,  25,  and  23,  and  north  of  2G  aud  27 ;  thence  along  the 
middle  of  the  river,  north  of  Gull  Island  and  of  tbe  islands  Nob.  29, 32, 33,  34, 35,  Bluff 
Island,  and  Nos.  39,  44,  and  45,  and  to  the  south  of  Nos.  30,  31,  36,  Grenadier  Island, 
and  Nos.  37,  38,  40, 41,  42, 43,  46,  47,  and  48,  nntil  it  approaches  the  east  eud  of  WeU's 
Island ;  thenoe  to  the  north  of  Well's  Island,  and  along  the  strait  which  divides  it 
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from  Rowe's  Island,  keeping  to  the  north  of  the  small  islands  Nob.  51. 52, 54, 58, 59,  and 
61,  and  to  the  soath  of  the  small  islands  numbered  and  marked  49,  50,  53,  55,  57,  (lO, 
and  H,  until  it  approaches  the  northeast  point  of  Grindstone  Island ;  thence  to  the 
north  of  Grindstone  Island,  and  keeping  to  the  north  also  of  the  small  islands Nos. 
63, 65, 67, 68, 70, 72, 73, 74, 75, 76, 77.  and  7H,  and  to  the  south  of  Nos.  62, 64, 66, 69,  and  71, 
until  it  approaches  the  southern  point  of  Hickory  Island ;  thence  passing  to  the  south 
of  Hickory  Island  and  of  the  two  small  islands  lying  near  its  southern  extremity,  num- 
l>ered  79  and  80 ;  thence  to  the  south  of  Grand  or  Long  Island,  keeping  near  its  southern 
shore,  and  passing  to  the  north  of  Carlton  Islai^d,  until  it  arrives  opposite  to  the 
southwestern  point  of  said  Grand  Island,  in  Lake  Ontario;  thence,  passing  to  the 
north  of  Grenadier,  Fox,  Stony,  and  the  Galtop  Islands,  in  Lake  Ontario,  and  to  the 
south  of  and  near  the  islands  called  the  Ducks»  to  the  middle  of  the  said  lake ;  thence 
westerly  along  the  middle  of  said  lake  to  a  point  opposite  the  mouth  of  the  Niagara 
River ;  thence  to  and  up  the  middle  of  the  said  river  to  the  Great  Falls ;  thence  up 
the  Falls  throagh  the  point  of  the  Horse  Shoe,  keeping  to  the  weSt  of  Iris  or  Goat 
Island,  and  of  the  group  of  small  islands  at  its  head,  and  following  the  bends  of  the 
river  so  as  to  enter  the  strait  between  Navy  and  Grand  Islands ;  thence  along  the 
middle  of  said  strait  to  the  head  of  Navy  Island ;  thence  to  the  west  and  south  of  and 
near  to  Grand  and  Beaver  Islands,  and  to  the  west  of  Strawberry,  Squaw,  and  Bird 
Islands  to  Lake  Erie;  thence  southerly  and  westerly  along  the  middle  of  Lake  Erie  in 
a' direction  to  enter  the  passage  immediately  south  of  Middle  Island,  being  one  of  the 
easternmost  of  the  groop  of  islands  lying  in  the  western  part  of  said  lake ;  thence 
along  the  said  passage,  proceeding  to  the  north  of  Cunningham's  Island,  of  the  three 
Bass  Islands,  and  of  the  Western  Sister,  and  to  the  south  of  the  islands  called  the 
Hen  and  Chickens,  and  of  the  Eastern  and  Middle  Sisters;  thence  to  the  middle  of 
the  mouth  of  the  Detroit  River  in  a  direction  to  enter  the  channel  which  divides 
Bois  Blanc  and  Sugar  Islands;  thence  up  the  said  channel  to  the  west  of  Bois  Blanc 
Island,  and  to  the  east  of  Sugar,  Fox,  and  Stony  Islands,  until  it  approaches  Fighting 
or  Great  Turkey  Island ;  thence  along  the  western  side  and  near  the  shore  of  said 
last-mentioned  island  to  the  middle  of  the  river  above  the  same ;  thence  along  the 
middle  of  said  river,  keeping  to  the  southeast  of  and  near  Hog  Island,  and  to  the 
northwest  of  and  near  the  island  Isle  ^  la  PSche,  to  Lake  Saint  Clair ;  thence  through 
the  middle  of  said  lake  in  a  direction  to  enter  that  mouth  or  channel  of  the  river  St. 
Clair,  which  is  usually  denominated  the  Old  Ship  Channel;  thence  along  the  middle 
of  said  channel,  between  Squirrel  Island  on  the  southeast  and  Herson's  Island  on  the 
northwest,  to  the  upper  end  of  the  last-mentioned  island,  which  is  nearly  opposite 
to  Point  an  Chdnes,  on  the  American  shore;  thence  along  the  middle  of  the  river 
Saint  Clair,  keeping  to  the  west  of  and  near  the  islands  called  Belle  Riviere  Isle 
and  the  Isle  aux  Cerfs,  to  Lake  Huron  ;  thence  through  the  middle  of  Lake  Huron  in 
a  direction  to  enter  the  strait  or  passage  between  Drummond's  Island  on  the  west 
and  the  Little  Manitou  Island  on  the  east ;  thence  through  the  middle  of  the  pas- 
sage which  divides  the  two  last-mentioned  islands ;  thence,  turning  northerly  and 
westerly,  around  the  eastern  and  northern  shores  of  Drummond's  Island,  and  proceed- 
ing in  a  direction  to  enter  the  passage  between  the  island  of  Saint  Joseph's  and  the 
American  shore,  passing  to  the  north  of  the  intermediate  islands  Nos.  61, 11,  10,  12, 
9,  6,  4,  and  2,  and  to  the  south  of  those  numbered  15,  13,  5,  and  1 ;  thence  up  the 
said  last-mentioned  passage,  keeping  near  to  the  island  Saint  Joseph's,  and  passing 
to  the  north  and  east  of  Isle  k  la  Crosse  and  of  the  small  islands  numbered  16, 17, 18, 
19,  and  20,  and  to  the  south  and  west  of  those  numbered  21,  22,  and  23,  until  it 
strikes  a  line  (drawn  on  the  map  with  black  ink  and  shaded  on  one  side  of  the  point 
of  intersection  with  blue  and  on  the  other  with  red)  passing  across  the  river  at  the 
head  of  Saint  Joseph's  Island  and  at  the  foot  of  the  Neebish  Rapids,  which  line 
denotes  the  termination  of  the  boundary  directed  to  be  run  by  the  sixth  article  of 
the  treaty  of  Ghent. 
And  the  said  commissioners  do  further  decide  and  declare  that  all  the  islands  lying 
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in  the  riTera,  lakes,  and  water  oommnnicatioDB  betweeo  the  before-described  bound- 
ary line  and  the  adjacent  shores  of  Upper  Canada  do,  and  each  of  them  does,  belong 
to  His  Britannic  Mijesty,  and  that  all  the  islands  lying  in  the  rivers,  lakes,  and  water 
commnnications  between  the  said  boundary  line  and  the  adjacent  shoresof  the  United 
States  or  their  territories  do,  and  each  of  them  does,  belong  to  the  United  St-ates  of 
America,  in  couformity  with  the  true  intent  of  the  second  article  of  the  said  treaty  of 
1783,  and  of  the  sixth  article  of  the  treaty  of  Ghent. 

By  the  second  article  of  the  convention  with  Great  Britain — 1818— 
the  boundary  line  was  extended  westward  along  the  forty-ninth  par- 
allel of  latitude  to  the  <^  Stony''  (Rocky)  Mountains,  while  beyond  these 
mountains  the  treaty  provided  that  the  country  should  remain  open  to 
both  parties.    The  terms  of  the  treaty  are  as  follows : 

Article  2.  It  is  agreed  that  a  line  drawn  from  the  most  northwestern  point  of  the 
Lake  of  the  Woods  along  the  forty-ninth  parallel  of  north  latitude,  or  if  the  said 
point  shall  not  be  in  the  forty-ninth  parallel  of  north  latitude,  then  that  a  line  drawn 
from  the  said  point  due  north  or  south,  as  the  case  may  bo,  until  the  said  line  shall 
intersect  the  said  parallel  of  north  latitude,  and  from  the  point  of  such  intersection 
due  west  along  and  with  the  said  parallel,  shall  be  the  line  of  demarkation  between 
the  territories  of  the  United  States  and  those  of  Uis  Britannic  Mi^esty,  and  that  the 
said  line  shall  form  the  northern  boundary  of  the  said  territories  of  the  United  States 
and  the  southern  boundary  of  the  territories  of  His  Britannic  Mi^esty  froxa  the  Lake 
of  the  Woods  to  the  Stony  Mountains. 

Article  3.  It  is  agreed  that  any  country  that  may  be  claimed  by  either  party  on 
the  northwest  coast  of  America,  westward  of  the  Stony  Mountains,  shall,  together 
with  its  harbours,  bays,  and  creeks,  and  the  navigation  of  all  rivers  within  the  same, 
be  free  and  open,  for  the  term  of  ten  years  from  the  date  of  the  signature  of  the  pres- 
ent convention,  to  the  vessels,  citizens,  and  subjects  of  the  two  powers;  it  being  well 
understood  that  this  agreement  is  not  to  be  construed  to  the  prejudice  of  any  claim 
which  either  of  the  two  high  contracting  parties  may  have  to  any  part  of  the  said 
country,  nor  shall  it  be  taken  to  affect  the  claims  of  any  other  power  or  state  to  any 
part  of  the  said  country ;  the  only  object  of  the  high  contracting  parties  in  that  re- 
spect being  to  prevent  disputes  and  differences  amongst  themselves. 

In  1824  negotiations  were  resumed  between  the  two  countries  for  the 
settlement,  among  other  things,  of  the  boundary  west  of  the  Bocky 
Mountains,  but  no  conclusion  was  reached ;  the  claim  of  the  English 
Government  being  that  the  boundary  line  should  follow  the  forty-ninth 
parallel  westward  to  the  point  where  this  parallel  strikes  the  great 
northwestern  branch  of  the  Columbia  Biver,  thence  down  the  middle  of 
that  river  to  the  Pacific  Ocean. 

In  1826  negotiations  were  resumed,  and  several  compromises  were 
proposed  by  both  parties,  but  without  satisfactory  results.  After  this 
the  whole  matter  remained  in  abeyance  until  the  special  mission  of  Lord 
Ashburton  to  this  country  in  1842. 

Meanwhile  the  unsettled  questions  regarding  the  northeastern  bound- 
ary again  came  up. 

The  case  having  reached  that  stage  at  which  it  became  necessary  to 
refer  the  i>oints  of  difference  to  a  friendly  sovereign  or  state,  the  two 
powers  found  it  expedient  to  regulate  the  proceedings  and  make  pro- 
visions in  relation  to  such  reference,  and  on  the  29th  September,  1827, 
concluded  a  convention  to  that  effect. 
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The  respective  claims  of  the  United  States  and  Great  Britain  were  as 

follows,  viz : 

^^  • 

Baundart^  claimed  by  United  States. — From  the  scarce  of  the  river  St. 
Oroix  (a point  of  departure  mutually  acknowledged)  the  boundary  should 
be  a  due  north  line  for  about  140  miles,  crossing  the  river  St.  John  at 
about  75  miles.  At  about  97  miles  it  reaches  a  ridge  or  highland  which 
divides  tr^)utary  streams  of  the  river  St.  John,  which  falls  into  the  Bay 
of  Fundy,  firom  the  waters  of  the  river  Bistigouche,  which  falls  through 
the  Bay  des  Ghaleurs  into  the  Oulf  of  St.  Lawrence.  In  its  further 
course  the  said  due  north  line,  after  crossing  several  upper  branches  of 
the  river  Bistigouche,  reaches,  at  about  140  miles,  the  highlands  which 
divide  the  waters  of  the  said  river  Bistigouche  firom  the  tributary 
streams  of  the  river  Metis,  which  falls  into  the  river  St.  Lawrence.  ^ 

Thence  the  line  should  run  westerly  and  southwesterly  along  the  high- 
lands which  divide  the  sources  of  the  several  rivers  (firom  the  Metis  to 
the  St.  Francis)  that  empty  themselves  into  the  river  St.  Lawrence — from 
the  sources  of  the  tributaries  of  the  rivers  Bistigouche,  St.  John,  Penob- 
^t,  Kennebec,  and  Oonnecticut,  all  which  either  mediately  or  immedi- 
ately fall  into  the  Atlantic  Ocean. 

Boundary  claimed  by  Oreat  Britain. — From  the  source  of  the  river  St*. 
Oroix  the  boundary  should  be  a  due  north  line  about  40  miles  to  a  point 
at  or  near  Mars  Hill ;  thence  it  should  run  westerly  abdut  115  miles  along 
the  highlands  that  divide  the  sources  of  the  tributaries  of  the  river  St. 
John  from  the  sources  of  the  river  Penobscot  to  a  spot  called  Metjar- 
mette  Portage,  near  the  source  of  the  river  Ghaudi^re. 

From  this  point  the  line  coincides  with  the  line  claimed  by  the  United 
States  until  the  northwestemmost  head  of  the  Connecticut  Biver  is 
reached.  Oreat  Britain  claimed  one  of  several  small  streams  to  be  the 
north  westernmost  tributary  of  the  Oonnecticut  Biver,  and  the  United 
States  another. 

The  Bang  of  the  Netherlands  was  selected  in  1829  by  the  two  Gov- 
ernments as  the  arbiter,  and  each  laid  before  him,  in  conformity  with 
the  provisions  of  the  convention,  all  the  evidence  intended  to  be  brought 
in  support  of  its  claim,  and  two  separate  statements  of  the  respective 
cases.  These  four  statements,  which  embrace  the  arguments  at  large 
of  each  party,  respectively,  have  been  printed,  but  not  published 
(1840). 

The  award  of  the  King  of  the  Netherlands,  made  in  1831,  was  as  fol- 
lows, viz : 

We  are  of  the  opinion  that  it  will  be  sai table  (il  oonviendra)  to  adopt  as  the  bonnd- 
ary  of  the  two  states  a  line  drawn  dne  north  from  the  soaroe  of  the  river  St.  Croix 
to  the  point  where  it  intersects  the  middle  of  the  thalweg  of  the  river  St.  John; 
thenoe  the  middle  of  the  thalweg  of  that  river,  ascending  it  to  the  point  where  the 
the  thalweg  of  the  river  Saint  Francis,  ascending  it  to  the  source  of  its  southwest- 
river  St.  Francis  empties  itself  into  the  river  St.  John;   thence  the  middle  of 
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emmoet  branch,  which  source  we  indicate  on  the  Map  A  by  the  letter  X,  aatheoti- 
cated  by  the  signature  of  our  minister  of  foreign  affairs ;  thence  iu  a  line  drawn  doe 
west  to  the  point  where  it  unites  with  the  line  claimed  by  the  United  States  of 
America  and  delineated  on  the  Map  A;  thence  said  Hue  to  the  point  at  which, 
according  to  said  map,  it  coincides  with  that  claimed  by  Qreat  Britain,  and  theooe 
the  line  traced  on  the  map  by  the  two  powers  to  the  northweetemnMist  source  of 

Connecticut  River. 

*  •  •  •  *  •         • 

We  are  of  the  opinion  that  the  stream  situated  farthest  to  the  northwest,  among 
these  which  fall  into  the  northernmost  of  the  1-htee  lakes,  the  last  of  which  bean 
the  name  of  Connecticut  Lake,  must  be  considered  as  the  northwestemmoet  head  of 
Connecticut  River. 


We  are  of  the  opinion  that  it  will  be  suitable  {il  couviendra)  to  proceed  io  fresh 
operations  to  measure  the  observed  latitude  in  onler  to  mark  out  the  boundary  from 
river  Connecticut  along  the  parallel  of  the  forty -fifth  degree  of  north  latitude  to  the 
river  Saint  Lawrence,  named  in  the  treaties  Iroquois  or  Cataraquy,  in  such  a  manner, 
however,  that,  in  all  eases,  at  the  place  called  Rouse's  Point  the  territory  of  the  Uni- 
ted States  of  America  shall  extend  to  the  fort  erected  at  that  place,  and  shall  include 

said  fort  and  its  kilometrical  radius  (rayon  kilomeirique). 

•  •  •  •  ■«  *  «W 

However  disposed  the  Government  of  the  United  States  might  have 
been  to  acquiesce  in  the  decision  of  the  arbiter,  it  had  not  the  iK)wer 
to  change  the  boiuidaries  of  a  State  without  the  consent  of  the  State. 
Against  that  alteration  the  State  of  Maine  entered  a  solemn  protest  by 
the  resolutions  of  19f h  January,  1832.  And  the  Senate  of  the  United 
States  did  accordingly  refuse  to  give  its  assent  to  the  award. 

The  arbitration  of  the  King  of  the  Netherlands  having  failed,  f^ai^ 
less  negotiations  ensued  for  a  period  of  eleven  years.  Unsuccessfal  at- 
tempts were  made  to  conclude  an  agreement  preparatory  to  another 
arbitration.  The  subject  became  a  matter  of  great  irritation,  collisions 
occurred  in  the  contested  territory,  and  for  a  time  it  seemed  certain 
that  the  controversy  would  result  in  war  between  the  two  powers.  In 
1842,  however.  Great  Britain  gave  unequivocal  proof  of  her  desire  for 
the  preservation  of  peace,  and  an  amicable  arrangement  of  the  matter 
at  issue,  by  the  special  mission  of  Lord  Ashburton  to  the  United 
States.  The  subject  of  this  mission  was  the  settlement,  not  only  of  the 
northeastern  boundary,  but  the  northern  boundary  west  of  the  Rocky 
Mountains.  Regarding  this  object  of  his  mission.  Lord  Ashbarton's 
instructions  gave  as  the  ultimatum  of  the  English  Government  the 
boundary  as  above  sketched  (p.  14),  and,  naturally,  his  mission  had  no 
result,  as  far  as  this  portion  of  the  boundary  was  concerned. 

An  agreement  was  reached,  however,  in  regard  to  the  northeastern 
boundary,  which,  the  consent  of  the  State  of  Maine  having  been  ob- 
tained, was  embodied  in  the  treaty  concluded  August  9, 1842. 

The  following  is  the  text  of  the  portion  of  this  treaty  relating  to  the 
boundary : 

Article  I.  It  is  hereby  agreed  aud  declared  that  the  line  of  boundary  shall  be  as 
follows :  Beginning  at  the  monument  at  the  source  of  the  river  St.  Croix,  as  design 
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Dated  and  agreed  to  by  the  commissioners  under  the  fifth  article  of  the  treaty  of  1794, 
between  the  GovemmeDts  of  tho  United  States  and  Great  Britain;  thence  north,  fol- 
lowing the  exploring  line  ran  and  marked  by  the  surveyors  of  the  two  Governments 
iu  the  years  1817  and  1818,  nnder  the  fifth  article  of  the  treaty  of  Ghent,  to  its  inter- 
f)«ction  with  the  river  St.  John,  and  to  the  middle  of  the  channel  thereof;  thence 
up  tho  middle  of  the  main  channel  of  the  said  river  St.  John,  to  the  mouth  of  the 
river  Saint  Francis;  thence  up  the  middle  of  the  channel  of  the  said  river  St. 
Francis,  and  of  the  lakes  through  which  it  flows,  to  the  outlet  of  the  Lake  Pohehaga- 
luook  ;  thence  southwesterly,  in  a  strai;j;ht  line,  to  a  point  on  the  northwest  branch 
of  the  river  St.  John,  \^hich  point  shall  be  ten  miles  distant  from  the  main  branch 
of  the  St.  John,  in  a  straight  line,  and  in  the  nearest  direction,  but  if  the  said  point 
shall  be  found  to  be  less  than  seven  miles  from  the  nearest  point  of  the  summit  or 
crest  of  the  highlands  that  divide  those  rivers  which  empty  themselves  into  the  river 
St.  Lawrence  from  those  which  fall  into  the  river  St.  John,  there  the  said  point 
shall  be  made  to  recede  down  the  said  northwest  branch  of  the  river  St.  John,  to  a 
point  seven  miles  in  a  straight  line  from  the  said  summit  or  crest  ;•  thence  in  a  straight 
line,  in  a  course  about  south,  eight  degrees  west,  to  the  point  where  the  parallel  of 
latitude  46^  25'  porth  intersects  the  southwest  branch  of  the  St.  John's ;  thence 
southerly,  by  the  said  branch,  to  the  source  thereof  in  the  highlands  at  the  Metjar- 
mc  tte  portage ;  thence  down  along  the  said  highlands  which  divide  the  waters  which 
empty  themselves  into  the  river  Saint  Lawrence  from  those  which  fall  into  the  Atlantic 
Ocean,  to  the  head  of  HalPs  stream;  thence  down  the  middle  of  said  stream  till  the 
line  thus  ran  intersects  the  old  line  of  boundary  surveyed  and  marked  by  Valentine 
and  Collins,  previously  to  the  year  1774,  as  the  4oth  degree  of  north  latitude,  and 
which  has  been  known  and  understood  to  be  the  line  of  actual  division  between  the 
States  of  New  York  and  Vermont  on  one  side,  and  the  British  province  of  Canada  on 
the  other ;  and  from  said  point  of  intersection,  west,  along  the  said  dividing  line,  as 
heretofore  known  and  understood,  to  the  Iroquois  or  St.  Lawrence  River. 

Article  II.  It  is  moreover  agreed  that,  from  the  place  where  the  joint  commis> 
sioners  terminated  t}ieir  labors  under'the  i^ixth  article  of  the  treaty  of  Ghent,  to-wit, 
at  a  point  in  the  Neebish  channel,  near  Muddy  Lake,  the  line  shall  run  into  and  along 
the  ship  channel,  between  St.  Joseph  and  Saint  Tammany  islands,  to  the  division 
of  the  channel  at  or  near  the  head  of  *St.  Joseph's  Island ;  thence  turning  eastwardly 
and  northwardly  around  the  lower  end  of  St.  George's  or  Sugar  Island,  and  follow- 
Dg  the  middle  of  the  channel  which  divides  St.  George's  from  St.  Joseph's  Island; 
.  thence  up  the  east  Neebish  channel,  nearest  to  St.  George's  Island,  through  the  mid- 
dle of  Lake  George;  thence  west  of  Jonas'  Island,  into  St.  Mary's  River,  to  a  point 
in  the  middle  of  that  river,  about  one  mile  above  St.  George's  or  Sugar  Island,  so 
as  to  appropriate  and  assign  the  said  island  to  the  United  States  i  thence,  adopt- 
ing the  line  traced  on  the  maps  by  the  commissioners,,  through  the  river  St.  Mary  and 
Lake  Superior,  to  a  point  north  of  He  Royale,  in  said  lake,  one  hundred  yards  to  the 
north  and  east  of  He  Chapeau,  which  last  mentioned  island  lies  near  the  northeastern 
point  of  He  Royale,  where  the  line  marked  by  the  commissioners  terminates;  and 
from  the  last-mentioned  point,  southwesterly,  through  the  middle  of  the  sound  be- 
tween He  Royale  and  the  northwestern  mainland,  to  the  mouth  of  Pigeon  River,  and 
up  the  said  river,  to  and  through  the  north  and  south  Fowl  Lakes,  to  the  lakes  of  the 
height  of  land  between  Lake  Superior  and  the  Lake  of  the  Woods ;  thence  along  the 
water  communication  to  Lake  Saisagiuaga,  and  through  that  lake ;  thence  to  and 
through  Cypress  Lake,  Lac  du  Bois  Blanc  Lac  la  Croix,  Little  Vermillion  Lake,  and 
Lake  Namecan,  and  through  the  several  smaller  lakes,  straits,  or  streams,  connecting 
the  lakes  here  mentioned,  to  that  point  in  Lac  la  Pluie,or  Rainy  Lake,at  the  Chaudi^fe 
Falls,  from  which  the  commissioners  traced  the  line  to  the  most  northwestern  point 
of  the  Lake  of  the  Woods;  thence,  along  the  said  line,  to  the  said  moat  northwestern 
point,  being  in  latitude  49^  23'  55''  north,  and  in  longitude  95^  14'  3b"  west  from  the 
observatory  at  Greenwich;  thence,  according  to  existing  treaties,  due  south  to  its  in- 
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f-T'^''.—.  will  jL«  f-.TiT  -:E:b  pirar*!  '.f  E-crtk  liTito^e.  ud  aloag  tbat  panDelU 
lb<tK-'trM(.'C'.ti:;:L  It  t^f^f  czi^rvtajd  ibai  aC  ibc  valccmaBiDiiteuiaD*  tad  til 
Th':  Tills'.  pnrUft*  uiosz  il>«  )^a«  fn«  Ij^«  Sopn^or  to  tW  Lake  «<'  Ibr  Woods,  ud 
»;«>  Gr»:.'i  Ptrcire,  fion  tL*  (l<>t»  »'f  Ltkt  Pcprrier  to  tbe  Pignm  Bitct,  aa  so* 

sr.;iu:>.  card,  tiixil  l«  f  re  iL'i  i^pra  to  tbc  cse  of  ib«  ci:iECt»  and  cnbieet*  of  t«(Ii 

AETTT-r  VII.  l!  M  fn-ih*r  Jirwil  ihst  tbe  cbAODfUm  (b*  river  St.  Lbvtokc.  n 
lu-th^iiitf.f  tL-'L/^n:;  ^silt  i*:a:;'^L  an'l  of  Bamtsrt  l^sitd;  tbedunDrUin  ibehra 
I>i:T,ir.  im  bo;li  ^^ilt^of  the  i'lad  B»u  Bian^,  and  bclrvm  ttut  island  Bod  botb  Ik 
A;i:>-nFan  and  C^DS-hao  i-IiTrr*,  acd  sll  lti«  trirral  tbaniKU  and  panacea  Ivtcra 
tLf  Tari'  n-,slaa(j*  lying  nfsrlhijnrrti'.n  (if  The  riT»-t«[.  Clair  wit  btb«  lak«ofthtl 
Dsnir.  *iiiil  bt-  Htnallj  ftr*  ad  op^n  tn  tb«  »hip»,  vrwcU.  and  L^rals  of  boib  psrtin 
Betnc-«n  1^3  and  1^16  there  vas  con^idenible  uegotiatioo  regard- 
ing lilt  boiindary.weet  of  the  Rocky  Monntain?,  resalting  fioitlly  in  the 
Webster  ABhbnrton  treaty,  wbich  ilefiiied  the  bonndaiy  as  far  west  as 
tbe  Htraits  of  JnsD  de  Fnca.  The  follo«iii}>  ia  that  portioti  of  the  treaty 
wiiicb  defines  tbe  bonndaiy. 

TKKATT  WTTB   CBKAT  BRtTjOS,  1SI6. 

Article  I.  Trnra  the  point  od  ifie  fortj-tiiDlb  psrallol  of  north  latitnde,  where  ito 
I  iHiiimlarj  laid  donn  in  exin'iDg  treaties  aud  conveniioos  brtTFen  tb«  United  StaM 

I  and  Great  Britain  terminat'B,  tbe  line  of  bonodary  between  the  teiritoriea  nf  tlM 

l^nilPil  flairs  ami  thOH-  nf  Her  Britannic  Usjefltf  shall  be  conTinoed  westward  slang 
the  Mid  fort.v-Dinth  parallel  of  nnrtb  latitnde  to  the  middle  of  tbe  channel  wbicb 
■eparaicH  llie  cocliijeDt  from  Vancoaver'a  Island,  and  tbeoee  aontherly  tbrongh  tli« 
Inill<lll^  of  the  said  channel,  and  of  Fnca's  Straits  to  the  Pacific  Ocean :  ProriM, 
Aoirrrrr,  That  Ilie  navigation  of  tbe  whole  of  the  said  channel  add  ntraita  eoDlb  o( 
the  fortv-ninlb  parallel  of  north  latiiotle  remain  free  and  open  to  both  parties. 

Articik  II.  From  the  point  at  which  tbe  foHy-ninth  psrallcl  of  norib  latitude 
aball  be  Tmind  to  iiitentect  tbe  great  northern  branch  of  tbeColnmbia  River,  tbe  nar- 
igationuf  tliu  sold  branch  shall  be  free  and  open  to  the  Hndson's  Bay  Company,  and  to 
all  Britieb  milijcitu  trading  with  tbe  same,  to  thu  point  where  tbe  aaid  branch  mefls 
thcitiniii  Rircatnof  the  Coliinibin.  and  tbence  donn  Ibi-  Knid  main  slream  to  the  ocean, 
ivilii  rr.'<!  ni-cpFut  into  -inil  thronRh  the  oaid  river  or  rivers,  it  beio"  nndentood  that  all 
tbv  iiMiinl  pciri iifiPH  along  tlie  line  thug  described  sh.ill,  in  like  manner,  be  Itee  and 
J  open.     In  navijjuling  the  Bftid  river,  or  rivers,  British  sobjecta,  wfth  their  goods  and 

I  proilnce.  nbnil  be  treated  on  tlie  same  footing  as  citizens  of  tbe  United  States;  it  be- 

inc,  however,  alnays  andomtood  that  nothing  in  this  article  sbali  tte  constmed  u 
preventing;,  or  intending  to  prevent,  tbe  Gnvornmeut  of  tbe  United  Stales  frommakine 
aijy  n-giiliilions  ri-ii)iectingtbe  navigation  of  tbe  said  river  or  river;  not  inconsistent 

I  with  tbo  prcwdt  treaty. 

The  above  treaty  exteuded  the  line  westward  from  the  Rocky  Monnt- 
niuN  to  tbe  Tiicific  along  the  forty-ninth  parallel  of  latitude.  This  set- 
tled the  iiordiiTn  boundary  with  the  exception  of  the  islands  and  pas- 
sages in  the  straits  of  Georgia  and  of  Jnaii  deFuca,  the  English  claim- 
ing that  the  boundary  should  i>roperly  run  through  tbe  Bosario  strait, 
the  moflt  eastern  passage,  whihs  the  United  States  claimed  that  it  should 
naturally  follow  the  Canal  de  Haro. 
I  This  iuatt«r  was  finally  settled  bya  reference  to  the  Emperor  of  Oer- 

''  uiany  as  an  arbitrator,  who  decided  it  in  favor  of  the  United  States  on 
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the  21st  of  October,  1872,  thus  finally  disposing  of  our  botLndary  with 
Great  Britain. 


ADDITIONS   TO  THE   TERRITORY   OF   THE   UNITED   STATES. 

THE  LOUISIANA  PUBGHASI. 

The  region  subsequently  known  as  the  territory  of  Louisiana  was 
originally  claimed  by  France,  by  virtue  of  discovery  and  occupation. 

In  1712  France  made  a  grant  to  Antoine  de  Grozat,  of  the  exclusive 
right  to  the  trade  of  this  region.  As  this  grant  makes  the  first,  and 
indeed  the  only  statement  of  the  limits  of  this  vast  region,  as  they  were 
understood  by  France,  a  portion  of  it  is  here  introduced. 

We  have  by  these  presents  signed  with  oar  hand,  authorized,  and  do  aathorize  the 
said  Sienr  Crozat  to  carry  on  exclnsively  the  trade  in  all  the  territories  by  as  pos- 
sessed, and  boanded  by  New  Mexico  an4  by  those  of  the  English  in  Carolina,  all  the 
establishmeDts,  ports,  harbors,  rivers,  and  especially  the  port  and  harbor  of  Danphin 
Island,  formerly  called  Massacre  Island,  the  river  St.  Lionis,  formerly  called  the 
Mississippi,  from  the  seashore  to  the  Illinois,  together  with  the  river  St.  Philip, 
foilnerly  called  the  Missoaries  River,  and  the  St.  Jerome,  formerly  caUed  the  Wabash 
(the  Ohio),  with  all  the  countries,  territories,  lakes  in  the  land,  and  the  rivers  empty- 
ing directly  or  indirectly  into  that  part  of  the  river  St.  Lonis.  AH  the  said  terri- 
tories, countries,  rivers,  streams,  and  islands,  we  will  to  be  and  remain  comprised 
nnder  the  name  of  the  Government  of  Lonisiana,  which  shall  be  dependent  on  the 
general  Government  of  New  France,  and  remain  subordinate  to  it,  and  we  will,  more- 
over, that  all  the  territories  which  we  possess  on  this  side  of  the  lUinois,  be  united, 
as  far  as  need  be,  to  the  general  Government  of  New  France,  and  form  a  part  thereof; 
reserving  to  ourself,  nevertheless,  to  increase,  if  we  Judge  proper,  the  extent  of  the 
government  of  the  said  country  of  Louisiana. 

From  this  it  appears  that  Louisiana  was  regarded  by  France  as 
comprising  the  drainage  basin  of  the  Mississippi  as  far  north  as  the 
mouth  of  the  Illinois,  with  those  of  all  its  branches  which  enter  it  be- 
low this  point,  including  the  Missouri,  but  excluding  that  portion  in  the 
southwest  claimed  by  Spain.  It  is  moreover  certain  that  the  area  now 
comprised  in  Washington,  Oregon,  and  Idaho  was  not  included, 

Crozat  surrendered  this  grant  in  1717. 

On  November  3, 1762,  France  ceded  this  region  to  Spain,  defining  it 
only  as  the  province  of  Louisiana.  A  few  months  later,  on  February  10, 
1763,  by  the  treaty  of  peace  between  Great  Britain,  France,  and  Spain, 
the  western  boundary  of  the  former's  possessions  in  the  New  World,  wafi 
placed  in  the  center  of  the  Mississippi  River,  thus  reducing  the  area 
of  Louisiana  by  the  portion  east  of  the  Mississippi  Biver. 

By  the  treaty  of  San  Ildefonso,  October  1, 1800,  Spain  transferred 
back  to  France  the  balance  of  the  province  of  Louisiana. 

Immediately*  after  this  transfer  became  known,  which  was  on  No- 
vember 30, 1803,  measures  were  set  on  foot  by  President  Jefferson  for 
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securing  in  some  way  free  access  to  the  sea  by  way  of  the  MississipiH 
Eiver.  Circumstances  favored  this  negotiation.  Bonaparte  was  at 
that  time  in  almost  daily  expectation  of  a  declaration  of  war  by  Great 
Britain,  in  which  case  the  first  act  of  the  latter  would  be  to  seize  the 
mouth  of  the  Mississippi,  and  with  it  the  province  of  Loaisiana.  Under 
1  these  circumstances  Bonapjirte  offered  to  sell  the  province  to  the  United 

^i  States,  and  the  ofTer  was  promptly  accepted.    The  consideration  was 

60,000,000  francs  and  the  assumption  by  the  United  States  of  the 
**  French  spoliation  claims,"  which  were  estimated  to  amount  to 
83,750,000. 

The  treaty  of  cession ,  which  bears  date  April  30, 1803,  describes  the  ter- 
ritory only  as  being  the  same  as  ceded  by  Spain  to  France  by  the  treaty 
of  San  Udefonso. 
\,  From  this  it  appears  that  the  territory  sold  to  the  United  States  com- 

prised that  part  of  the  drainage  basin  of  the  Mississippi  which  lies  west 
of  the  course  of  the  river,  with  the  exception  of  such  parts  as  were  then 
held  by  Spain.    The  want  of  precise  definition  of  limits  in  the  treaty 
I  was  not  objected  to  by  the  American 'commissioners,  as  they  probab'y 

I  foresaw  that  this  very  indefiniteness  might  prove  of  service  to  the 

United  States  in  future  negotiations  with  other  powers.  In  fact^  the 
claim  of  the  United  States  to  the  area  now  comprised  in  Oregon,  Wash- 
ington, and  Idaho  in  the  negotiations  with  Great  Britain  regarding  the 
northwestern  boundary,  was  ostensibly  based,  not  only  upon  prior  oc- 
cupation and  upon  purchase  from  Spain,  but  also  upon  the  alleged  fact 
that  this  area  formed  part  of  the  Louisiana  purchase.  That  this  claim 
was  baseless  is  shown  not  only  by  what  has  been  already  detailed  re- 
garding the  limits  of  the  purchase,  but  also  by  the  direct  testimony  of 
the  French  plenipo ten  tiary ,  M.  Barb4  Marbois.  Some  t wen  ty  years  after 
the  purchase  he  published  a  work  upon  Louisiana,  in  which  he  detail^ 
at  some  length  the  negotiations  which  preceded  the  purchase,  and,  re- 
ferring to  this  question  said :  *'  The  shores  of  the  western  ocean  were 
certainly  not  comprised  in  the  cession,  but  already  the  United  States 
are  established  there." 

There  is  also  contained  in  this  work  a  map  of  the  country  between 
the  Mississippi  and  the  Pacific,  on  which  the  extent  of  Louisiana  to  the 
westward  is  indicated  by  a  line  drawn  on  the  one  hundred  and  tenth 
meridian,  which  is  not  far  from  the  western  limit  of  the  drainage  basin 
of  the  Mississippi  in  Wyoming  and  Montana.  That  part  of  the  country 
now  comprised  in  Oregon,  Washington,  and  Idaho,  which,  it  has  been 
claimed,  formed  part  of  the  purchase, bears  the  following  legend:  "  Ter- 
ritories and  countries  occupied  by  the  United  States,  following  the  trea^ 
of  cession  of  Louisiana." 

From  this  it  appears  that  the  limits  of  the  Louisiana  purchase  can 
no  longer  be  a  matter  of  discussion ;  but  although  the  United  States 
certainly  did  not  purchase  Oregon,  as  a  part  of  Louisiana,  it  is  no  less 
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certain  that  that  great  area  west  of  the  Bocky  Mountains  fell  into  their 
hands  as  a  direct  consequence  of  such  purchase. 

FLOBIDA. 

The  second  addition  to  the  territory  of  the  United  States  consisted  of 
the  Floridas,  purchased  from  Spain  on  February  22, 1819.  From  the 
date  of  the  Louisiana  purchase  in  1803,  the  territory  bounded  by  the 
Mississippi  Eiver  on  the  west,  the  Perdido  on  the  east,  the  parallel  ot 
31^  on  the  north,  and  the  Gulf  on  the  south  had  been  in  dispute  between 
the  two  countries.  During  this  time  it  had  been  practically  in  the  pos- 
session of  the  United  States.  This  purchase  settled  these  conflicting 
claims. 

The  following  is  the  clause  in  the  treaty  with  Spain  ceding  the  Flor- 
idas  which  defines  the  cession: 

Art.  2,  His  Catholic  Majesty  cedes  to  the  XJDited  States,  in  full  property  and  sov- 
ereignty,  aU  the  territories  which  belong  to  him,  situated  to  the  eastward  of  the 
Mississippi,  known  by  the  name  of  East  and  West  Florida,  the  adjacent  islands  de- 
pendent upon  said  province,  etc. 

A  further  article  in  this  treaty  defines  the  boundary  between  the 
United  States  and  the  Spanish  Possessions  in  the  southwest,  as  follows: 

The  boundary  line  between  the  two  countries,  west  of  the  Mississippi,  shall  begin 
on  the  Gttlph  of  Mexico,  at  the  mouth  of  the  river  Sabine,  in  the  sea,  continuing 
north,  along  the  western  bank  of  that  river,  to  the  thirty-second  degree  of  latitude; 
thence  by  a  line  due  north  to  the  degree  of  latitude  where  it  strikes  the  Hio  Roxo  of 
Kachitoches,  or  Red  River ;  then  following  the  course  of  the  Rio  Roxo  to  the  degree 
of  longitude  100  west  from  London,  or  about  23^  west  of  Washington ;  then  crossing 
the  said  Rio  Roxo  and  running  thence,  by  a  line  due  north,  to  the  River  Arkansas ; 
thence,  foUowing  the  course  of  the  southern  bank  of  the  Arkansas,  to  its  source  in 
latitude  42  north ;  and  thence  by  that  parallel  of  latitude  to  the  South  Sea,  the 
whole  being  as  laid  down  in  Molish's  map  of  the  United  States,  published  at  Phila- 
dofphia,  improved  to  the  1st  of  January,  1818.  But  if  the  source  of  the  Arkansas 
River  shall  be  found  to  fall  north  6t  south  of  latitude  42,  then  the  line  shall  run  from 
the  said  source  due  south  or  north,  as  the  case  may  be,  till  it  meets  the  said  parallel 
of  latitude  42,  and  thence  along  the  said  parallel  to  the  South  Sea,  all  the  islands  in 
the  Sabine  and  the  said  Red  and  Arkansas  Rivers,  throughout  the  course  thus  de- 
scribed, to  belong  to  the  United  States ;  but  the  use  of  the  waters,  and  the  naviga- 
tion of  the  Sabine  to  the  sea,  and  of  the  said  rivers  Roxo  and  Arkansas  throughout 
the  extent  of  the  said  boundary  on  their  resx>ective  banks  shall  be  common  to  the 
respective  inhabitants  of  both  nations. 

TEXAS. 

The  next  acquisition  of  territory  was  th.it  of  the  Republic  of  Texas, 
which  was  admitted  as  a  State  on  December  20, 1845.  The  area  which 
Texas  brought  into  the  Union  was  limited  as  follows : 

All  the  land  lying  east  of  the  Rio  Grande  and  embraced  within  the  limits  of  the  Rio 
Grande  on  the  west  and  south  and  the  boundary  between  the  United  States  and 
Spain  under  the  Florida  treaty  of  1819,  on  the  east,  viz,  the  Sabine  River,  thence 
north  to  the  Red  River,  thence  up  the  Red  River  to  the  one  hundredth  meridian  west 
of  Greenwich,  thence  due  north  to  the  Arkansas  River,  thence  up  the  Arkansas  River 
to  its  source  and  down  the  Rio  Grande. 
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THE  9IB8T  MSXICAIV  CK88IOH. 

In  1848  a  further  addition  was  made  to  our  territory  by  the  treaty  of 
Guadalape- Hidalgo.  This  added  to  the  country  the  area  of  Oalifoniia, 
Nevada,  Utah,  and  parts  of  Colorado,  Arizona,  and  New  Mexico,  while 
the  Gadsden  purchase,  which  was  effected  in  1853,  added  the  remainder 
of  Arizona  and  another  part  of  New  Mexico. 

The  treaty  of  Guadalupe-Hidalgo  was  concluded  February  2, 1848, 
and  proclaimed  July  4, 1848.  The  clauses  in  it  defining^  our  acquisition 
of  territory  are  as  follows : 

Articlb  y.  The  bonndary  line  between  the  two  republics  shall  commence  in  the 
Golf  of  Mexico,  three  leagnes  from  land,  opposite  the  month  of  the  Rio  Grande, 
otherwise  called  the  Bio  Bravo  del  Norte,  or  opposite  the  mouth  of  ita  deepest  braoch, 
if  it  should  have  more  than  one  branch  emptying  into  the  sea ;  from  thence  up  the 
middle  of  that  river,  following  the  deepest  channel  where  it  has  more  than  on^  to  the 
point  where  it  strikes  the  southern  boundary  of  New  Mexico ;  thence  westwardly 
along  the  whole  southern  boundary  of  New  Mexico  (which  rtms  north  of  the  town 
called  Paso)  to  its  western  termination ;  thence  northward  along  the  western  Iin«  of 
New  Mexico  until  it  intersects  the  first  branch  of  the  river  Gila  (or  if  it  should  not 
intersect  any  branch  of  that  river,  then  to  the  point  on  the  said  line  nearest  to  such 
branch,  and  thence  in  a  direct  line  to  the  same) ;  thence  down  the  middle  of  the  said 
branch  and  of  the  said  river  until  it  empties  into  the  Rio  Colorado ;  thence  acroesthe 
Rio  Colorado,  following  the  division  line  between  Upper  and  Lower  California,  to  the 
Pacific  Ocean. 

The  southern  and  western  limits  of  New  Mexico,  mentioned  in  this  article,  are  tboie 
laid  down  in  the  map  entitled,  ''Map  of  the  United  Mexican  States  as  organized  and 
defined  by  various  acts  of  the  Congress  of  said  Republic,  and  constructed  according 
to  the  best  authorities.  Revised  edition.  Published  at  New  York,  in  1847j  by  J.  Dis- 
tumell;''  of  which  map  a  copy  is  added  to  this  treaty,  bearing  the  signatures  and 
seals  of  the  undersigned  plenipotentiaries.  And.  in  order  to  preclude  aU  difficulty  in 
tracing  upon  the  ground  the  limit  separating  Upper  from  Lower  California,  it  is 
agreed  that  the  said  limit  shall  consist  of  a  straight  line  drawn  from  the  middle  of 
the  Rio  Gila,  where  it  unites  with  the  Colorado,  to  a  point  on  the  coast  of  the  Paeifie 
Ocean,  distant  one  marine  league  due  south  of  the  southernmost  point  of  the  port  of 
San  Diego,  according  to  the  plan  of  said  port  made  in  the  year  1782,  by  Don  Joan 
Pantoja,  second  sailing-master  of  the  Spanish  fleet,  and  published  at  Madrid  in  the 
year  1802,  in  the  atlas  to  the  voyage  of  the  schooners  Sutil  and  Mexican  a ;  of  which 
plan  a  copy  is  hereunto  added,  signed  and  sealed  by  the  respective  plenipotentiaries. 

eADSDEN  rUBOHASK. 

Subseqaently,  on  December  30, 1853,  a  second  purchase  was  made  of 
Mexico,  consisting  of  the  strip  of  land  lying  soath  of  the  Gila  Kiver, 
in  New  Mexico  and,  Arizona.  The  boundaries  as  established  by  this, 
known  as  the  Gadsden  purchase,  were  as'  follows: 

Article  I.  The  Mexican  Repnblic  agrees  to  designate  the  following  as  her  tnie 
limits  with  the  United  States  for  the  fntnre :  Retaining  the  same  dividing  line  be- 
tween the  two  Califomias  as  already  defined  and  established,  according  to  the  fifth 
article  of  the  treaty  of  Gnadalnpe-Hidalgo,  the  limits  between  the  two  republics  sball 
be  as  follows :  Beginning  in  the  Qolf  of  Mexico,  three  leagnes  from  land,  opposite  the 
month  of  the  Bio  Grande,  as  provided  in  the  fifth  article  of  the  treaty  of  Gaadalnpe- 
Hidalgo ;  thence,  as  defined  in  the  said  article,  np  the  middle  of  that  rivor  to  the  point 
where  the  paraUel  of  31^  47'  north  latitude  crosses  the  same ;  thence  due  west  one 
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hnudiiBd  miles ;  theuce  south  to  the  paralldl  of  31°  20'  north  latitude ;  thence  along  tlie 
said  parallel  of  31^  2(V  to  the  one  hundred  and  eleventh  meridian  of  longitude  teent 
of  Greenwich ;  thence  in  a  straight  line  to  a  point  on  the  Colorado  River  twenty 
English  miles  below  the  junction  of  the  Gila  and  Colorado  Rivers;  thence  up  the 
middle  of  the  said  river  Colorado  until  it  intersects  the  present  line  between  the 
United  States  and  Mexico. 

ALASKA. 

There  temaius  but  one  acquisitiou  of  territory  to  the  Uuited  States 
ftom  foreign  powers,  viz,  that  of  Alaska,  purchased  from  Russia.  The 
treaty  of  purchase  wa«  signed  on  March  30, 1867,  and  proclaimed  June 
20,  18G7.  The  boundaries  of  the  territory  are  described  in  the  accom- 
panying quotation  from  the  treat3'^ 


V  • 


Commencing  from  the  southernmost  point  of  the  island  called  Prince  of  Wales  Island, 
whichpoint  lies  in  the  parallel  of  54^  40**  north  latitude,  and  between  the  one  hundred 
and  thirty-first  and  one  hundred  and  thirty-third  degree  of  west  longitude  (meridian  ot 
Greenwich),  the  said  lino  sball  ascend  to  the  north  along  the  channel  called  Portland 
Channel  as  far  as  the  point  of  the  continent  where  it  strikes  the  fifty-sixth  degree  of  north 
latitude;  from  this  last-mentioued  point,  the  line  of  demarkation  shall  follow  the  sum- 
mit of  the  mountains  situated  ])arallel  to  the  coast,  as  far  as  the  point  of  intersection 
of  the  one  hundred  and  forty-first  degree  of  west  longitude  (of  the  same  meridian) ;  and, 
finally,  from  the  said  point  of  intersection,  the  said  meridian  line  of  the  one  hundred 
and  forty-first  degree  in  its  prolongiition  as  far  as  the  Frozen  Oci^n. 

IV.  With  reference  to  the  line  of  demarkation  laid  down  in  the  preceding  artiole, 
it  is  understood — 

1st.  That  the  island  called  Prince  of  Wales  Island  shall  belong  wholly  to  Eussia, 
(now,  by  this  cession,  to  the  United  States). 

2d.  That  whenever  the  summit  of  the  mountains  which  extend  in  a  direction  par- 
allel to  the  coast  from  the  fifty-sixth  degree  of  north  latitude  to  the  point  of  intersection 
of  the  one  hundred  and  forty-first  degree  of  west  longitude  shall  prove  to  be  at  the 
distance  of  more  than  ten  marine  leagues  from  the  ocean,  the  limit  between  the  Brit- 
ish possessions  and  the  line  of  coast  which  is  to  belong  to  Russia,  as  above  mentioned 
(that  is  to  say,  the  limit  to  the  possessions  ceded  by  this  convention),  shall  be  formed 
by  a  line  parallel  to  the  winding  of  the  coast,  and  which  shall  never  exceed  the  dit^ 
tance  of  ten  marine  leagues  therefrom. 

The  western  limit  within  which  the  territories  and  dominion  conveyed  are  con- 
tained passes  through  a  point  in  Behring's  Straits  on  the  parallel  of  65^  30'  north  lati- 
tude, at  its  intersection  by  the  meridian  which  passes  midway  between  the  islands  of 
Krusenstern  or  Igualook,  and  the  island  of  Ratmanoff,  or  Noonerbook,  and  proceeds 
due  north  without  limitation  into  the  same  Frozen  Ocean. 

The  same  western  limit,  beginning  at  the  same  initial  point,  proceeds  thence  in 
a  course  nearly  southwest  through  Behring's  Straits  and  Behring*s  Sea,  so  as  to  pass 
midway  between  the  northwest  point  of  the  island  of  Saint  Lawrence  and  the  south- 
east point  of  Cape  Choukotski  to  the  meridian  of  one  hundred  and  seventy-two  west 
longitude,  thence  from  the  intersection  of  that  meridian  in  a  southwesterly  direction, 
BO  as  to  pass  midway  between  the  island  of  Attore  iGUid  the  Copper  Island  of  the  Kor- 
mandorski  couplet  or  group,  in  the  North  Pacific  Ocean,  to  the  meridian  of  one  hun- 
dred and  ninety-three  degrees  west  longitude,  so  as  to  include  in  the  territory  con- 
veyed the  whole  of  the  Aleutian  Islands  west  of  that  meridian. 

The  consideration  paid  for  the  Territory  of  Alaska  was  $7,200,b00,  in 

gold. 
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OHAPTBB  II. 

THE   PUBIilC   DOMAIN  AND   AN  OTJTIilKB    OF   THE  HIS- 
TORY OP  CHANGES  MADE  THEREIN. 


I    ; 


CESSIONS   BY  THE   STATES. 

At  the  time  the  Constitution  was  adopted  by  the  original  thirteen 
States,  many  of  them  possessed  unoccupied  territory,  in  some  cases  en- 
tirely detached  and  lying  west  of  the  Appalachian  Mountains.  Thus, 
Georgia  included  the  territory  from  its  present  eastern  limits  westward 
to  the  Mississippi  Elver.  Korth  Carolina  possessed  a  narrow  strip  ex- 
tending from  latitude  35^  to  36^  30%  approximately,  and  running  west- 
ward to  the  Mississippi,  including  besides  its  own  present  area  that  of 
the  present  state  of  Tennessee.  In  like  manner,  Virginia  possessed  what 
is  now  Kentucky,  while  a  number  of  States,  as  Pennsylvania,  New  York, 
Massachusetts,  and  Connecticut,  laid  claim  to  areas  in  what  was  after- 
ward known  as  the  Territor^^  Northwest  of  the  River  Ohio,  a  region  which 
is  now  comprised  mainly  in  the  States  of  Ohio,  Indiana,  Illinois,  Michi- 
gan, and  Wisconsin.  These  claims  were  to  a  greater  or  less  extent  con- 
flicting. In  some  cases  several  States  claimed  authority  over  the  same 
area,  while  the  boundary  lines  were  in  most  cases  very  ill-defined. 

The  ownership  of  these  western  lands  by  individual  States  was  op- 
posed by  thbse  States  which  did  not  share  in  their  possession,  mainly 
on  the  ground  that  the  resources  of  the  General  Government,  to  which 
all  contributed,  should  not  be  taxed  for  the  protection  and  development 
of  this  region,  while  its  advantages  would  inure  to  the  benefit  of  but  a 
favored  few.  On  this  ground  several  of  the  States  refused  to  ratify  tie 
Constitution  until  tbis  matter  had  been  settled  by  the  cession  of  these 
tracts  to  the  General  Government. 

Moved  by  these  arguments,  as  well  as  by  the  consideration  of  the 
conflicting  character  of  the  claims,  which  must  inevitably  lead  to  trouble 
among  the  States,  Congress  passed,  on  October  30, 1779,  the  following 
act: 

Whereas  the  appropriation  of  the  vacant  lands  by  the  several  States  dnring  the 
present  war  will,  in  the  opinion  of  Congress,  be  attended  with  great  mischiefs :  There- 
fore, 

Eeao^vedf  That  it  be  earnestly  recommended  to  the  State  of  Virginia  to  reconsider 
their  late  act  of  assembly  for  opening  their  land  ofiQce;  and  that  it  be  recommendMi 
to  the  said  State,  and  all  other  States  similarly  circumstanced,  to  forbear  settling  or 
issuing  warrants  for  unappropriate<l  lands,  or  granting  the  same  dnring  the  contin 
nance  of  the  present  war. 
24 
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This  resolation  was  transmitted  to  tho  different  States.  The  first  to 
respond  to  it  by  the  transfer  of  her  territory  to  the  General  Government 
was  !N^ew  York,  whose  example  was  followed  by  the  other  States. 

These  cessions  were  made  on  the  dates  given  below : 

New  York,  March  1, 1781. 

Virginia,  March  1, 1784. 

Massachusetts,  April  19,  1785 

Connecticut,  September  13, 1786. 

The  Connecticut  act  of  cession  reserved  an  area  in  the  northeastern 
part  of  Ohio,  known  as  the  Western  Reserve.  On  May  30, 1800,  Con- 
necticut gave  to  theuFnited  States  jurisdiction  over  this  area,  but  with- 
out giving  up  its  proi)erty  rights  in  it. 

South  Carolina,  August  9,  1787. 

NoTih  Carolina,  February  25, 1790. 

Georgia,  April  24, 1802. 

The  following  paragraph  from  the  deed  of  cession  by  K"ew  York 
defines  the  limits  of  its  cession  to  the  General  Government : 

Now,  therefore,  know  ye,  that  we,  tho  said  James  Duane,  WiUiam  FloicI,  and  Alex- 
ander M^Douj^all,  by  virtae  of  the  power  and  authority,  and  in  the  execution  of  the 
tmst  reposed  in  ns,  as  aforesaid,  have  Judged  it  expedient  to  limit  and  restrict,  and 
we  do,  by  these  presents,  for  and  in  behalf  of  the  said  State  of  New  York,  limit  and 
restrict  the  boandaries  of  the  said  State  in  the  western  parts  thereof,  with  respect  to 
the  jurisdiction,  as  well  as  the  right  or  pre-emption  of  soil,  by  the  lines  and  in  the 
form  following,  that  is  to  say :  a  line  from  the  northeast  comer  of  the  State  of  Penn- 
sylvania, along  the  north  bonnds  thereof  (o  its  northwest  corner,  continued  due  west 
until  it  shall  be  intersected  by  a  meridian  line  to  be  drawn  from  the  forty-fifth  degree 
of  north  latitude,  through  the  most  westerly  bent  or  inclination  of  Lake  Ontario; 
thence  by  the  said  meridian  line  to  the  forty-fifth  degree  of  north  latitude ;  and 
thence  by  the  said  (orty-fifth  degree  of  north  latitude ;  but  if,  on  experiment,  the 
above-described  meridian  line  shall  not  comprehend  twenty  miles  due  west  from  the 
most  westerly  bent  or  inclination  of  the  river  or  strait  of  Niagara,  then  we  do,  by 
these  presents,  in  the  name  of  the  people,  and  for  and  on  behalf  of  the  State  of  New 
York,  and  by  virtue  of  tho  authority  aforesaid,  limit  and  restrict  the  boundaries  of 
the  said  State  in  the  western  parts  thereof,  with  respect  to  jurisdiction,  as  well  as  the 
right  of  x>re-cmption  of  soil,  by  tho  lines  aud  in  the  manner  following,  that  is  to  say : 
a  line  from  the  northeast  corner  of  the  State  of  Pennsylvania,  along  tho  north  bounds 
thereof,  to  its  northwest  comer,  continued  due  west  until  it  shall  be  intersected  by  a 
meridian  line,  to  be  drawn  from  the  forty -fifth  degree  of  north  latitude,  through  a 
point  twenty  miles  due  west  from  the  most  westerly  bent  or  inclination  of  the  river 
or  strait  Niagara;  thence  by  the  said  meridian  line  to  the  forty-fifth  dej^eo  of  north 
latitude,  aud  thence  by  the  said  forty-fifth  degree  of  north  latitude. 

The  deed  of  cession  by  Virginia  gives  no  limits,  further  than  to  specify 
that  the  lands  transferred  include  only  those  lying  northwest  of  the 
river  Ohio. 

The  following  paragraph  from  the  deed  of  cession  by  Massachusetts 
gives  the  limits  of  the  area  ceded :  * 

•  •  *  We  do  by  these  presents  assign,  transfer,  quitclaim,  cede,  and  convey  to 
the  United  States  of  America,  for  their  benefit,  Massachusetts  inclusive,  all  right, 
title,  and  estate  of  and  in,  as  well  the  soil  as  the  jurisdiction,  which  the  said  Com- 
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nioun-caltb  Lutli  to  tbe  territory  or  tract  of  conntrj'  withio  tbc  limits  of  Mauatlm- 
settH  cIiurtiT  Hituato  and  Ifiog  nest  of  the  followin);  line,  that  is  to  say,  a  mrTidiu 
lino  to  bii  itratvn  from  tbe  forty-fifth  ilogree  of  north  latitude  through  Ihe  nea;<tli 
bout  or  iDclhiation  of  Lake  Oulnrio,  tbuncu  liy  the  fiaid  cieridiiiii  1in>?  to  Ihp  mrM 
soDllierly  bidii  liuc  of  the  territory  cod talord  iu  thu  MaxAacbuaoCts  churtcr;  lint  if 
on  c^periiiii'Ut  Ihe  above-described  meridian  liuc  aball  not  coniprubi^tid  twenty  pikt 
(lac  nosl  from  tbe  most  westerly  bent  or  inclination  of  tbo  river  or  atrait  of  Magua, 
then  we  do  by  tlicso  pn'senls,  by  virtue  of  Ibe  power  and  aathority  afnres;iiil.  \o  tb* 
name  and  ou  liehatf  of  tbe  said  Coramonwealtb  of  UoBBschiisetta,  transfer,  (guitFliim, 
cede,  and  courey  to  tbe  Uuiteil  States  of  America,  foe  their  beoefit,  Ma^BaflinHtK 
inclusive,  all  right,  title,  and  estate  of  and  in  sb  well  the  soil  as  the  JuriKdictLon, 
wbieh  til-;  Hflid  Commonwealth  hath  to  the  territory  or  tract  of  coiiutry  ivilhio  tbe 
limits  of  the  MuHsacbuaett*  cbart«r,  situate  and  lying  west  of  tbe  folloning  line.  Ilitt 
in  to  say,  a  meridian  lioe  to  be  drawn  from  tbe  forty-fifth  degree  of  Dorth  tBtitoda 
tbrougb  )i  point  tn-cuty  miles  dac  west  from  tbe  most  weat«r]y  bent  or  iucIiQatiixi  of 
tbe  river  or  »truit  of  Xiagara;  Ihence  by  tbe  said  meridian  line  to  the  most  Bouthedj 
side  line  uf  tbe  territory  contained  in  the  MaasacbusettA  chartar  afortvaid. 

Tbe  following  clause  from  tlie  act  of  the  legtslatare  of  Counecticnt, 
authoriziug  tbe  cession,  defluee  it^  limits : 

Be  it  tn«c!fd  ■  ■  ■  Tbat  tbe  delegates  of  tbia  State,  or  any  two  of  tbcEn,  irho 
shall  beattonding  tbe  Congress  of  tbe  United  States,  be,  andtboy  are  hereby,  direclcd, 
authorized,  and  fully  empowered,  in  tbe  name  and  bebalf  of  tbia  State,  to  make,  ei- 
ecnte,  and  deliver,  under  tbeir  bauds  and  seals,  an  ample  deed  of  release  Aud  cession 
of  All  the  Ttgbt,  title,  interest.  Jurisdiction,  and  claim  of  tbe  State  of  Connecticnt  to 
oertaiu  western  lundH,  beginning  at  the  completion  of  the  forty-first  degree  of  north 
latitude,  one  hundred  and  tirenty  miles  west  of  Ibe  western  boundary  line  of  tbe 
Commoiiweaitb  of  Pennsylvania,  as  uow  claimed  by  said  Commonwealth,  and  from 
thence  by  a  line  drawn  north,  paritllel  to  and  one  bundred  and  twenty  miles  west  of 
the  said  we^t  line  of  Pennsylvania,  and  to  continue  north  nntil  It  comes  to  forty-two 
degrees  and  two  minutes  north  latitude.  Whelreby  all  the  right,  title,  interest,  juris- 
diclion,  aud  claim  of  tbe  State  of  Connecticnt  to  tbe  lands  lying  west  of  said  line  to 
bedrawu  ns  afuremeutioned,onebnndredand  twenty  miles  west  of  the  western  booud- 
ary  Hue  of  tUo  Commonwealth  of  Pennsylvania,  as  now  claimed  by  said  ConunoD- 
weattb,  sbull  be  included,  released,  and  ceded  to  tbe  United  St«teB  in  Congr«H8  as- 
sembled, for  tbe  common  use  and  benefit  of  the  said  States,  Connecticnt  inclnsiTe. 

The  CL'ssioii  of  Soutli  Carolina  waa  described  as  follows : 

'  *  '  All  the  territory  or  tract  of  country  included  within  tbe  river  Mississippi 
and  a  lino  bcj^inuiiig  at  that  part  of  the  said  river  which  is  inl«[Bect«d  by  the  soulben 
bonndury  line  of  tbcSi.ateof  North  Carolina,  aud  continuing  along  the  said  boundary 
line  until  it  iiitersocle  tbe  ridge  or  chain  of  mountains  which  divides  the  eastern  fhna 
tbe  western  waters,  then  to  be  continued  along  tbe  top  of  said  ridge  of  moontaim 
nntil  it  iiitcrsocts  a  line  to  be  drawn  due  west  from  the  head  of  tbe  sonthem  branch 
of  Tugaino  Kivor  to  the  said  mountains ;  from  Ibcnce  to  mn  a  due  irest  coone  totbs 
river  Misyixsippi. 

Tlie  State  of  Nortli  Carolina  coded — 

Tbe  lanilb  situated  witbiu  the  charliered  limits  of  the  State,  west  of  a  line  beginning 
on  the  cxtrojue  bei},'bt  of  Stone  Mountain,  at  the  place  where  tbe  Virginia  line  inter- 
sects it;  rnuuiui;  thenco  along  tbe  extreme  hei);l]t  of  tbe  said  moantain  to  tbe  plaoe 
where  tbe  Wataugaltivurbreaksthrougb  it;  thence  a  direct  conrseto  the  top  of  the  Yel- 
low Mountain  where  Brigbt's  road  crosses  tbe  same  ;  thence  along  the  ridge  of  thesaid 
mountaiu,  betwcenthe  waters  of  Doe  Biver  and  the  waters  of  Soch  Creek,  totheplaes 
where  tbe  road  crosses  the  Iron  Monntain;  ihim  thence  along  tbeextreme  height  of  tbs 
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eaid  inoantain  to  where  Nolechucky  River  runs  throngh  the  same  ;  thence  to  the  top  of 
the  Bald  MoantaiD  ;  thence  aloog  the  extreme  height  of  the  said  mountain  to  the 
Painted  Rock,  on  French  Broad  River ;  thence  along  the  highest  ridge  of  the  said 
mountain  to  tho  place  where  it  is  called  the  Qreat  Iron  or  Smoky  Monutain ;  thence 
along  the  extreme  heights  f  <  ae  said  mountain  to  the  place  where  it  is  called  the  Unicoy 
or  Unaka  Mountain,  between  the  Indian  towns  of  Cowee  and  Old  Chota ;  thence  along 
the  main  ridge  of  the  said  i:  luntainto  the  southern  boundary  of  this  State. 

It  will  be  noted  tliat  the  above  description  of  the  eastern  boundary  of 
her  ceded  possessions  agrees  in  general  terms  with  the  description  ot 
the  western  boundary  of  North  Carolina,  as  given  on  page  96. 

The  articles  of  cession  by  Georgia  describe  the  area  ceded  as  follows : 

The  lands  situated  within  the  boundaries  of  the  United  States,  south  of  the  State  of 
Tennessee  and  west  of  a  line  beginning  on  the  west  bank  of  the  Ghattahouchee  River, 
where  tLe  same  crosses  the  boundary  line  between  the  United  States  and  Spain ;  thence 
running  up  the  said  river  Ghattahouchee  and  along  the  western  bank  thereof  to  the 
gr^at  bend  thereof,  next  above  the  place  where  a  certain  creek  or  river,  called  Uchee 
(being  the  first  considerable  stream  on  the  western  side,  above  the  Gussetas  and  Goweta 
towns),  empties  into  the  said  Ghattahouchee  River ;  thence  in  a  direct  line  to  Nioka- 
Jack,  on  the  Tennessee  River;  thence  crossing  the  last-mentioned  river,  and  thence 
mnning  up  the  said  Tennessee  River  and  along  the  western  bank  thereof  to  the  south- 
em  boundary  line  of  the  State  of  Tennessee. 

« 

Of  the  area  thus  ceded  to  the  General  Government,  the  part  lying  north 
of  the  Ohio  was  afterwards  erected  into  the  '^Territory  Northwest  of  the 
River  Ohio,"  and  the  balance,  lying  south  of  that  river,  was  known  as  the 
"  Territory  South  of  the  River  Ohio.'' 


THE   TERRITORY   NORTHWEST   OP   THE   RIVER   OHIO. 

This  territory  was  bounded  on  the  west  by  the  Mississippi  and  the  in- 
ternational boundary,  on  the  north  by  the  boundary  line  between  the 
United  States  and  the  British  Possessions,  on  the  east  by  the  Pennsyl- 
vania and  New  York  state  lines,  and  on  the  south  by  the  Ohio  River. 
It  comprised  an  area  of,  approximately,  266,000  square  miles.  It  was 
made  up  of  claims  of  different  States  as  follows : 

1.  Virginia  uncontested  claims,  which  consisted  of  all  the  temtory 
west  of  Pennsylvania  and  north  of  the  Ohio  to  the  forty-first  parallel  of 
north  latitude,  besides  her  claim,  by  capture,  as  far  as  the  northern 
limits  of  the  land  under  the  crown  which  had  been  subject  to  the  juris- 
diction of  the  provinces  of  Quebec  and  to  Lakes  Michigan  and  Huron. 

2.  The  claim  of  Connecticut,  which  extended  from  the  forty-first  par- 
allel northward  to  the  parallel  of  42°  2',  and  from  the  west  line  of  Penn- 
sylvania to  the  Mississippi  River. 

3.  The  claim  of  Massaehusetts,  which  extended  from  the  north  line 
of  the  Connecticut  claim  above  noted  to  43^  43'  12'^  north  latitude,  and 
firom  the  eastern  boundary  of  New  York  to  the  Mississippi. 
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4.  The  belt  or  zone  lying  north  of  the  Massachusetts  claim,  extenil 
ing  thepce  to  the  Canada -line  and  west  to  the  Mississippi  Biver,  was 
claimed  to  have  been  obtained  by  the  treaty  of  peace  of  Qreat  Britam, 
September  3, 1783. 

5.  At  the  cession  by  the  state  of  Virginia,  both  Massachusetts  and 
New  York  claimed  the  Erie  purchase  of  aboat  316  square  miles,  which 
was  subseqaently  bought  by  Pennsylvania  and  added  to  that  State. 

From  this  territory  were  formed  the  following  States :  Ohio,  Indiana, 
Illinois,  Michigan,  Wisconsin,  that  part  of  Minnesota  east  of  the  MissU- 
sippi  Biver,  and  the  northwest  comer  of  Pennsylvania. 

In  1787  a  bill  for  its  provisional  division  into  not  less  than  three  nor 
more  than  five  States  was  passed  by  Congress.  In  this  bill  the  limits 
of  the  proposed  States  were  defined,  corresponding  in  their  north  and 
south  lines  to  the  boundaries  of  Ohio,  Illinois,  and  Indiana,  as  at  pres- 
ent  constitated.  The  following  gives  the  text  of  the  clause  defining 
these  boundaries : 
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Article  5.  There  shaU  be  formed  in  the  said  territory  not  less  than  three  nor  more 
than  five  States;  and  the  bonndaries  of  the  States,  as  soon  as  Virginia  sbaU  alter  b«f 
act  of  cession  and  consent  to  the  same,  shall  become  fixed  and  established  as  follova, 
to  wit :  The  western  State,  in  said  territory,  shall  be  bounded  by  the  Mississippi,  the 
Ohio,  and  the  Wabash  River ;  a  direct  line  drawn  from  the  Wabash  and  Post  Vinoenti, 
due  north,  to  the  territorial  line  between  the  United  States  and  Canada  ;  and  by  the 
said  territorial  line  to  the  Lake  of  the  Woods  and  Mississippi.  The  middle  State 
shall  be  bounded  by  the  said  direct  line,  the  Wabash  from  Post  Vincents  to  the  Ohio, 
by  the  Ohio,  by  a  direct  Jine  drawn  due  north  from  the  mouth  of  ihe  Great  Miami  to 
the  said  territorial  line,  and  by  the  said  territorial  line.  The  eastern  State  shall  be 
bounded  by  the  last-mentioned  direct  line,  the  Ohio,  Pennsylvania,  and  the  said  ter- 
ritorial line:  Provided^  however,  And  it  is  further  understood  and  declared,  that  the 
boundaries  of  these  three  States  shall  be  subject  so  far  to  be  altered,  that,  if  CongresB 
shall  hereafter  find  it  expedient,  they  shall  have  authority  to  form  one  or  two  States 
In  that  part  of  the  said  territory  which  lies  north  of  an  east  and  west  line  drawn 
through  the  southerly  bend  or  extreme  of  Lake  Michigan. 

Passed  July  13, 1787. 

The  provisions  of  this  bill  seem,  however,  never  to  have  been  carried 
out.  A  provisional  government  was  instituted  in  1788.  By  act  of 
May  7, 1800,  Congress  divided  this  territory  into  two  territorial  gov- 
ernments, the  divisional  line  being  a  meridian  passing  through  the 
mouth  of  the  Kentucky  River  and  extending  thence  northward  to  the 
Canada  border.  The  eastern  portion  became  the  "Territory  Northwest 
of  the  River  Ohio,"  and  the  western  portion,  Indiana  Territory, 

On  November  29, 1802,  the  State  of  Ohio,  comprising  most  of  the 
former,  was  formed  and  admitted  into  the  Union,  while  the  remnant  of 
it  was  added  to  Indiana  Territory. 

In  1805,  all  that  portion  of  Indiana  Territory  lying  north  of  aparaUel 
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through  the  most  southerly  bend  of  Lake  Michigan  and  east  of  a  meridian 
drawn  through  the  same  point  became  the  Territory  of  Michigan.  The 
boundary  between  these  territories  was  subsequently  very  much  changed, 
as  will  appear  in  the  sequel. 

By  act  of  February  3, 1809,  Indiana  Territory  was  again  divided,  and 
the  Territory  of  Illinois  was  created  frotn  the  part  lying  west  of  the 
Wabash  Biver  and  a  meridian  running  through  the  city  of  Yincennes, 
extending  thence  to  the  Canada  line.  « 

In  1816  Indiana,  and  in  1818  Illinois,  were  admitted  to  the  Union  as 
States,  each  with  its  boundaries  as  constituted  at  present.  By  the  same 
act  the  Mississippi  Eiver  was  made  the  western  boundary  of  the  Territory 
of  Michigan,  thus  making  it  include  all  the  balance  of  the  original  North- 
west Territory  after  the  formation  of  the  three  States  of  Ohio,  Indiana, 
and  Illinois. 

The  act  of  1834  added  to  Michigan  Territory  the  land  between  the 
Missouri  and  White  Earth  Eivers  on  the  west  and  the  Mississippi  Eiver 
on  the  east. 

Wisconsin  Territory  was  formed  in  1836  from  the  portion  of  Michigan 
Territory  west  of  the  present  State  of  Michigan.  On  January  26, 1837, 
Michigan  was  admitted  into  the  Union,  with  its  present  boundaries. 
In  1838  all  that  portion  of  Wisconsin  Territory  lying  west  of  the  Missis- 
sippi Eiver  and  a  line  drawn  due  north  from  its  source  to  the  interna- 
tional boundary  (that  is,  all  that  part  which  was  originally  comprised 
in  the  Louisiana  i>urchase)  was  made  the  Territory  of  Iowa,  and  in  1848 ' 
Wisconsin  was  admitted  as  a  State,  with  its  boundaries  as  at  present 
constituted. 

This  appears  to  leave  the  area  which  is  now  the  northeastern  part  of 
Minnesota,  lying  east  of  the  Mississippi  Eiver  and  a  line  drawn  due 
north  from  its  source,  without  any  government  until  the  formation  of 
Minnesota  Territory,  in  1849. 


TEBRITORY   SOUTH   OP   IHE   RIVER   OHIO. 

The  "Territory  South  of  the  Eiver  Ohio"  was  bounded  on  the  north 
by  tbe  Ohio  Eiver,  on  the  south  by  the  thirty-first  parallel  of  latitude, 
on  the  east  by  the  States  of  Virginia,  North  Carolina,  South  Carolina, 
and  Georgia,  and  on  the  west  by  the  Mississippi  Eiver.  The  different 
cessions  from  the  States  which  made  up  this  region  are  as  follows : 

1.  The  region  ceded  by  Virginia,  which  lay  between  the  Ohio  Eiver  on 
the  North  and,  nominally,  the  parallel  of  36^  3(K  on  the  south,  and  be- 
tween the  Mississippi  Eiver  and  her  present  western  boundary  on  the 
east,  being  the  region  which  is  now  the  State  of  Kentucky. 

2.  The  area  ceded  by  North  Carolina,  which  extended  from  36°  30' 
north  latitude  southward  to  35^,  and  from  the  western  boundary  line  of 
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the  present  Stat«  to  the  MiBsissippi  River.    This  ia  now  the  State  of 
Tennessee. 

3.  The  area  ceded  by  Sonth  Carolina,  which  formed  a  narrow  belt,  12 or 
14  miles  in  width,  lying  south  of  the  thirty-fifth  parallel,  and  extending 
from  her  western  twnndary  to  the  Mississippi  Eiver.  It  is  doubtfal 
whether  under  the  terms  of  the  original  cliartera  South  Carolina  ]>ob- 
sessed  this  strip,  or  whether  it  was  not  included  in  the  possessions  of 
Georgia. 

4.  The  area  ceded  by  (leorgia,  which  comprised  most  of  the  region  of 
the  present  States  of  Alabama  and  Mississippi,  north  of  the  t&irty-first 
parallel. 

Kentucky  was  admitted  to  the  Union  on  Jnne  1, 1702 ;  Tennessee  in 
1796,  In  1798  Congress  organized  the  Territorj'  of  Mississippi,  which 
was  originally  a  small,  rectangular  area,  bounded  on  the  west  by  the 
Mississippi  Kiver,  on  the  north  by  the  parallel  through  the  mouth  of  the 
Tazoo  Kiver;  the  boundary  on  the  east  was  the  river  Chattahoochee, 
and  on  the  south  the  thirty-0rst  parallel  of  north  latitude.  This  area 
was  subsequently  enlarged  so  as  to  include  the  whole  of  what  is  now 
Mississippi  and  Alabama,  with  the  exception  of  a  strip  along  the  Golf 
coast,  which  was  at  that  time  claimed  by  Spain.  In  1817  the  territory 
was  divided,  and  the  eastern  portion  was  made  into  Alabam  a  Territory. 
Subsequently  the  two  Territories  were  admitted  as  States. 


L0DI8IANA  AND  THE  TEERITORT  AOQDIBED   FBOM   MEXICO. 

The  Louisiana  pnrchase  was  effected  in  1803.  In  1S04  it  was  divided 
into  two  parts,  that  portion  which  now  comprises  the  State  of  Louis- 
iana, with  the  exception  of  a  small  piece  in  the  southeastern  part,  being 
organized  as  Orleans  Territory,  while  the  balance  remained  as  the  Lou- 
isiana Territory.  The  State  of  Louisiana,  comprising  the  Territorr  of 
Orleans,  was  admitted  to  the  Union  in  1812,  and  in  the  same  year  it 
was  enlarged  by  the  addition  of  the  portion  lying  between  the  Missis- 
sippi and  Pearl  Rivers,  in  the  sontheastem  part.  In  the  same  year 
the  name  of  Louisiana  Territory  was  changed  to  Missouri  Territory.  In 
1819  Arkansaw  Territory,  haying  very  nearly  the  same  limits  as  the 
present  State  of  Arkansas,  w  as  created,  and  in  1836  it  was  admitted 
as  a  State. 

In  1820  the  State  of  Missouri  was  formed  from  another  portion  of 
Missouri  Territory,  and  in  18.J6  the  boundaries  of  this  State  were  en- 
larged to  their  present  limits.  In  1834,  as  was  stated  above,  that  por- 
tion of  this  Territory  lying  north  of  the  State  of  Missouri  and  east  of 
the  Missouri  and  White  Earth  Rivers  was  attached  to  the  Territor)'  of 
Michigan.  In  1836  this  portion  was  transferred '  from  the  Territory  of 
Michigan  to  the  Territory  of  Wisconsin.    In  1838  it  was  transferred  to 
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the  Territory  of  Iowa.  In  1845  the  State  of  Iowa  was  created,  and  in 
1846  its  boundaries  were  enlarged.  In  1849  the  remainder  of  the  Ter- 
ritory M'as  transferred  to  Minnesota  Territory.  Minnesota  was  ad- 
mitted as  a  State  on  May  11, 1858,  with  its  present  boundaries. 

Meantime  Texas  had  been  admitted  to  the  Union,  and  by  the  treaty 
of  Guadalnpe-Hidalgo  and  the  Ga(l8den  purchase,  we  had  acquired 
from  Mexico  all  tljje  area  west  of  the  northern  part  of  Texas  and  south 
of  the  forty-second  xiarallel.  Furthermore,  our  northem  boundary  had 
been  established  on  the  forty-ninth  par<allel  to  the  Pacific  Ocean. 

Out  of  tliis  great  western  region  were  carved  the  following  Territories : 

Oregon  Territory,  which  was  formed  in  1848,  and  which  extended  from 
the  parallel  of  49^  north  latitude  southward  to  latitude  42^,  and  from 
the  Pacific  Ocean  east  to  the  summit  of  the  Rocky  Mountains. 

California,  which  was  admitted  as  a  State  in  1849,  with  the  same  lim- 
its which  it  possesses  at  present. 

Utah  Territory,  which  was  formed  in  1850,  and  which  extended  from 
the  forty-second  parallel  southward  to  the  thirty-seventh,  and  from  the 
California  boundary  line  eastward  to  the  Rocky  Mountains. 

New  Mexico,  which  comprised  all  the  country  lying  south  of  Utah  to 
the  boundary  line  of  Texas  and  Mexico,  and  from  the  California  bound- 
ary eastward  to  the  boundary  of  Texas. 

Nebraska  Territory,  which  was  formed  from  Missouri  Territory  in 
1854.  Jt  comprised  the  country  from  the  forty-ninth  parallel  down  to 
the  fortieth  and  from  the  Missouri  and  White  Earth  Rivers  west  to  the 
summit  of  the  Rocky  Mountains. 

Kansas  Territory,  formed  by  the  same  act  as  the  last,  comprised  the 
country  lying  west  of  Missouri  -to  the  boundary  of  New  Mexico  and 
Utah,  and  from  the  south  boundary  of  Nebraska  to  the  thirty-seventh 
parallel. 

Indian  Territory  then  had  its  present  limits. 

Washington  Territory  was  formed  in  1853  from  a  part  of  Oregon,' its 
southern  boundary  being  the  Columbia  River  and  the  parallel  of  46^ 
north  latitude,  and  its  east  line  being  the  summit  of  the  Rocky  Mount- 
ains. 

Oregon  was  admitted  as  a  State  in  1857,  with  its  boundaries  as  at 
present  established.  The  portion  cut  oflf  from  Oregon  Territory  was 
placed  under  the  territorial  government  of  Washington  Territory. 

Dakota  Territory  was  formed  in  1861.  As  originally  formed  it  com- 
prised all  that  region  between  its  present  eastern  and  southern  bound- 
aries, while  its  western  boundary  was  tjie  summit  of  the  Rocky  Mount- 
ains. 

The  Territory  of  Nevada  was  organized  from  the  western  portion  of 
the  Territory-  of  Utah  in  1861.  As  originally  constituted,  its  eastern 
line  was  the  meridian  of  thirty-nine  degrees  of  longitude  west  from 
Washington,  and  its  southern  boundary  was  the  parallel  of  thirty-seven 
degrees  of  latitude.    It  was  admitted  as  a  State  in  1864,  its  eastern 
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boundary  being  made  the  thirty -eighth  degree  of  longitade  (approxi- 
mately the  one  hundred  and  fifteenth  degree  west  from  Greenwich), 
while  its  southern  boundary  remained  the  same.  In  1866,  by  act  of 
Congress,  tlie  eastern  boundary  was  move>d  one  degree  farther  to  the 
eastward,  placing  it  upon  the  thirty-seventh  degree  of  longitude  west 
from  AVashiugton,  and  the  triangular  portion  contained  between  the 
former  southern  boundary,  the  boundary  of  California,  the  Colorado 
Eiver  and  the  meridian  of  thirty-seven  degrees  of  longitude  was  added, 
thus  giving  the  State  its  present  area  and  limits. 

Colorado  Territory  was  formed  in  1861,  with  the  limits  of  the  present 
State.    It  was  admitted  as  a  State  in  1876. 

The  Territory  of  Arizona  was  formed  from  New  Mexico  in  1863,  being 
that  portion  of  New  Mexico  lying  west  of  the  thirty-second  meridian 
west  of  Washington. 

In  the  same  year  Idaho  was  formed  from  parts  of  Dakota  and  Wash- 
ington Territories.  As  originally  constituted  it  included  all  the  terri- 
tory lying  east  of  the  present  eastern  limits  of  Oregon  and  Washing- 
ton Territory  to  the  twenty-seventh  degree  of  longitude  west  of  Wash- 
ington, the  latter  meridian  being  its  eastern  boundary.  Its  southern 
boundary  was  the  northern  boundary  of  Colorado  and  Utah — that  is, 
the  forty -first  and  forty-second  parallels  of  latitude. 

From  this  Territory  was  detached,  in  1864,  the  Territory  of  Montana, 
with  its  present  limits,  and  in  1868  the  Territory  of  Wyoming,  these 
several  changes  reducing  Idaho  to  its  present  dimensions. 


CHAPTER    III. 

THE    BOUNDARY    I^IK^ES    OF    THE    STATES   AKI>    TERRI- 
TORIES. 
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MAINE. 

The  first  charter  having  any  relation  to  tfie  territory  comprising  the 
present  State  of  Maine  is  that  granted  by  Henry  lY  of  France  to  Pierre 
du  Gast,  Sieur  de  Monts,  in  1603,  known  as  the  charter  of  Acadia,  which 
embraced  the  whole  of  !North  America  between  the  fortieth  and  forty- 
sixth  degrees  of  north  latitude.  Under  this,  several  expeditions  were 
made,  and  in  1606  it  was  decided  to  make  a  permanent  settlement  at  Port 
Royal,  now  Annapolis,  I^ova  Scotia,  and  no  further  attempts  were  made 
under  this  charter  to  plant  colonies  within  the  limits  of  the  present 
State  of  Maine.    ( Vide  Charters  and  Constitutions,  p.  771.) 

By  the  first  charter  of  Virginia  {vide  Virginia,  p.  ),  granted  by 
James  I,  in  1606,  the  lands  along  the  coast  of  Korth  America  between 
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the  thirty -fourth  and  forty- fifth  degrees  of  north  latitude  were  given  to 
two  companies,  to  one  of  which,  the  Plymouth  Company,  was  assigned 
that  part  of  North  America  including  the  coast  of  New  England.  The 
first  colony  in  Maine  was  planted  on  the  peninsula  of  Sabine,  at  the 
mouth  of  the  Kennebec  River,  now  HunnewelPs  Point,  on  August  19, 
1607,  O.  S.,  by  George  PopLam. 

James  I  in  1620  granted  a  charter  to  the  Plymouth  Company,  in  which 
may  be  found  the  following,  viz : 

Weo,  therefore  •  •  •  do  grant  ordain  and  establish  that  all  that  Circuit,  Conti- 
nent, Precincts  and  Limitt«  in  America  lying  and  being  in  Breadth  from  Fourty  De- 
grees of  Northerly  Latitude  from  the  Equnoctial  Line,  to  Fourty  eight  Degrees  of  th* 
said  Northerly  Latitude  and  in  length  by  all  the  Breadth  aforesaid  throughout  tiM 
Maine  Land  from  Sea  to  Sea — with  aU  the  Seas,  Rivers,  Islands,  Crcekes,  Inletts,  Ports 
and  Havens  within  the  Degrees,  Precincts  and  Limitts  of  the  said  Latitnde  and  Lon- 
gitude shall  be  the  Limitts,  and  Bounds,  and  Precincts  of  the  second  coUouy — and  to 
the  end  that  the  said  Territoryes  may  hereafter  be  more  particularly  and  certaiDly 
known  and  distinguished,  our  Will  and  Pleasure  is,  that  the  same  shall  from  heaoe- 
forth  be  nominated,  termed  and  called  by  the  name  of  New  England  in  America. 

Under  this  grant,  given  in  1621,  the  Earl  of  Stirling  claimed  that  he 
was  entitled  to  land  on  the  coa^t  of  Maine  which  wns  afterwards  granted 
to  the  Plymouth  Company,  and  by  direction  of  James  I  that  company 
issued  a  patent  to  William  Alexander,  Earl  of  Stirling, 

For  a  tract  of  the  main  land  of  New  England,  beginning  at  Saint  Croix  and  from 
thence  extending  along  the  sea-coast  to  Pemquid  and  the  river  Kennebeck.  ( Vi4€ 
Charters  and  Constitutions,  p.  774. ) 

The  heirs  of  the  Earl  of  Stirling  sold  this  tract  to  the  Duke  of  York 
in  1663.    ( Vide  ZelPs  Encyclopaedia.) 

In  1622  Capt.  John  Mason  and  Sir  Ferdinando  Gorges  obtained  firom 
the  council  of  Plymouth  a  grant  of  the  lands  lying  between  the  Merri- 
mac  and  Kennebec  Bivers,  and  extending  back  to  the  river  and  lakes  of 
Canada.  This  tract  was  called  Laconia,  and  it  included  New  Hamp- 
shire and  all  the  western  part  of  Maine.  ( Vide  Whiton's  New  Hamp- 
shire.) 

Mason  and  Gorges,  in  1629,  by  mutual  consent  divided  their  territory 
into  two  by  the  river  Piscataqna.  That  part  on  the  east  of  this  river 
was  relinquished  to  Gorges,  who  called  it  Maine.  ( Vide  Whiton's  New 
Hampshire.) 

The  charter  of  the  Plymouth  Company  was  surrendered  to  the  King 
in  the  year  1635.    ( Vide  Plymouth  Colony  Laws,  p.  333  et  supra,) 

King  Charles  I,  in  the  year  1639,  granted  a  charter  to  Sir  Ferdinando 
Gorges,  which  virtually  confirmed  the  patent  given  to  him  by  the  Ply- 
mouth Company  in  1622. 

The  following  extract  from  that  charter  defines  the  boundaries : 

AU  that  Parte  Pnrparte  and  Porcon  of  the  Mayne  Lande  of  New  England  afore6ai4 
beginning:  att  the  entrance  of  Plscataway  Harbor  and  soe  to  passe  npp  the  same  into  tha 
Biver  of  Newichewanoeke  and  throngh  the  same  unto  the  farthest  heade  thereof  aad 
from  thenoe  Northwestwards  till  one  handred  and  twenty  miles  bee  finished  and  from 
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Piaeataway  Harbor  mouth  aforesaid  NortheastwarcU  along  the  Sea  CoasU  to  Sagads- 
hocke  and  up  the  Biver  thereof  to  Kynybequy  Biver  and  through  the  same  into  tht 
beade  thereof  and  into  the  Lande  Northwestwards  untill  one  hundred  and  tweotf 
■lyles  bee  ended  being  accompted  from  the  mouth  of  Sagadahocke  and  from  tiie 
period  of  one  hundred  and  twenty  myles  aforesaid  to  croaae  over  LAude  to  the  om 
hundred  and  twenty  myles  end  formerly  reckoned  upp  into  the  Lande  from  PiaesU- 
way  Harbor  through  Newiohewanocke  Biver  and  also  the  Northe  halfe  of  the  Iain  of 
Bhoales  togeather  with  the  Isles  of  Capawock  and  Nawtican  neere  Cape  Cod  as  alaoe 
all  the  Islands  and  Iletts  ]yeinge  within  five  leagues  of  the  Mayne  all  alonge  theafon- 
aaide  coasts  betweene  the  aforesaid  Biver  of  Pascataway  and  Sagadahocke  with  all  Uie 
Creeks  Havens  and  Harbors  thereunto  belonginge  and  the  Revercon  and  Beverooos 
Bemaynder  and  Bemaynders  of  all  and  singular  the  said  LandeaSiveis  and  Premiaies. 
All  which  said  Part  Purpart  or  Porcon  of  the  Mayne  Lande  and  all  and  every  the 
Premisses  herein  before  named  Wee  Doe  for  us  our  heires  and  successors  create  tod 
incorporate  into  One  Province  or  Countie,  and  Wee  Doe  name  ordeyne  and  appojnt 
that  the  porcon  of  the  Mayne  Lande  and  Premises  aforesaid  shall  forever  herefterbee 
called  and  named  The  Province  or  Countie  of  Mayne. 

In  1664  Charles  II  granted  to  the  Duke  of  York,  who,  the  year  before, 
had  purchased  the  territory,  which  had  been  awarded  to  the  Earl  of 
Stirling  in  the  division  of  the  country  to  his  heirs,  a  portion  of  the  pres- 
ent State  of  Maine,  and  also  certain  islands  on  the  coast,  and  a  large 
territory  west  of  the  Connecticut  Eiver.  (For  the  boandaries  vide  JSew 
York,  p.  71  et  acq.) 

In  1674  Charles  II  made  a  new  grant  to  the  Duke  of  York,  in  sab- 
Btantially  the  same  terms  as  that  of  1664,  including  as  before  a  {Mrtion 
of  Maine.    ( Vide  New  York,  p.  72.) 

In  the  year  1677,  Ferdinando  Gorges,  a  grandson  of  Sir  Ferdinando 
Gorges  sold  and  gave  a  deed  of  the  province  of  Maine  to  John  Ushur,  ft 
merchant,  of  Boston,  for  £1 ,250.  In  the  same  year,  Ushiir  gave  a  deed  of 
the  same  territory  to  the  governor  and  company  of  Massachusetts  Bay, 
who  had  received  a  grant  from  the  council  of  Plymouth  in  1628,  confirmed 
by  the  King  in  1629.    ( Vide  0.  &  C,  p.  774.) 

In  1686  Pemaquid  and  its  dependencies,  forming  Cornwall  County, 
under  the  jurisdiction  of  New  York,  were  annexed  to  the  New  England 
government  by  a  royal  order,  dated  September  19,  1686.  ( Vide  Maine 
Historical  Society  Collection,  vol.  5.) 

The  charter  of  Massachusetts  Bay  of  1629  having  been  canceled  in 
1684,  in  1691  William  and  Mary  granted  a  new  one,  incorporating  the 
provinces  of  Maine  and  Acadia,  or  Nova  Scotia,  with  the  colonies  of 
Massachusetts  Bay  and  of  Plymouth,  into  one  royal  province  by  the 
name  of  the  Boyal  Province  of  Massachusetts  Bay.   ( Vtde  Mass.,  p.  48.) 

The  right  of  government  thus  acquired  over  the  district  of  Maine 
was  exercised  by  Massachusetts  until  1819  when  measures  were  taken 
to  admit  Maine  as  an  independent  State. 

By  the  treaty  of  Paris  in  1763  the  King  of  France  relinquished  all 
claim  to  that  portion  of  North  America  which  includes  the  preset 
State  of  Maine. 
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The  northern  and  eastern  boandaries  were  settled  by  the  United 
States  and  Great  Britain.    (See  p.  9,  et  aeq). 

The  western  boundary  was  for  a  long  time  a  source  of  contention  be- 
tween Maine  and  New  Hampshire. 

New  Hampshire  having  been  made  a  province  in  1679,  controversies 
arose  concerning  the  divisional  line. 

In  1731  commissioners  from  New  Hampshire  and  from  Massachusetts 
having  been  appointed,  met,  but  were  unable  to  agree.  New  Hampshire 
appealed  to  the  King,  and  the  King  ordered  that  a  settlement  should  be 
made  by  commissioners  from  the  neighboring  provinces.  The  board  met 
at  Hampton  in  1737.  The  commissioners  fixed  on — substantially — ^the 
present  boundary,  wording  their  report  as  follows: 

Beginning  at  the  entrance  of  Pascataqna  Harbor,  and  so  to  pass  up  the  same  to  the 
Biver  Newhicbawack,  and  thro'  the  same  into  the  furthest  head  thereof,  and  thence 
mn  north  2  degrees  west  tiU  120  miles  were  finished,  from  the  mouth  of  Pascataqna 
Harbor,  or  until  it  meet  with  His  Mnjesty's  other  Govetnments.  (See  N.  fi.  His- 
torical Coll.,  Vol.  II.) 

This  was  confirmed  by  the  King,  August  5, 1740. 

In  1820  Maine  was  admitted,  as  an  independent  State. 

Difficulties  having  arisen  about  the  boundary  between  Maine  and 
New  Hampshire,  commissioners  were  appointed  in  1827  from  each  State 
to  determine  the  same. 

In  1829  the  commissioners'  report  was  adopted  by  each  State,  and 
the  line  then  settled  upon  is  as  follows,  using  the  language  of  the  com- 
missioners' report,  viz : 

The  report  of  the  commissioners  appointed  by  His  Majesty's  order  in  Council  of 
February  22nd,  1735,  and  confirmed  by  his  order  of  the  5th  of  August,  1740,  having 
established — 

''That  the  dividing  line  shall  pass  up  through  the  mouth  of  Piscataqua Harbor, 
and  up  thv;  middle  of  the  river  of  Newiohwannock,  part  of  which  is  now  called  the 
Salmons  FallSi  and  through  the  middle  of  the  same  to  the  farthest  head  thereof,  &c.,^ 
and  '^  that  the  dividing  line  shall  part  the  Isle  of  8hole$,  and  run  through  the  middle 
of  the  harbor,  between  the  islands  to  the  sea  on  the  southerly  side,  dec."  We  have 
not  deemed  it  necessary  to  commence  our  survey  until  we  arrived  north,  at  the  head 
of  Salmon  FaUs  River,  which  was  determined  by  Bryant,  at  his  survey  in  1740,  to  be 
at  the  outlet  of  East  x>ond,  between  the  towns  of  Wakefield  and  Shapleigh.  From  that 
point  we  have  surveyed  and  marked  the  line  as  follows,  viz: 

We  commenced  at  the  Bryant  Rock,  known  as  such  by  tradition,  which  is  a  rock 
iu  the  middle  of  Salmon  Falls  River,  at  the  outlet  of  East  pond,  about  six  feet  in  length, 
three  feet  in  breadth,  three  feet  in  depth,  and  two  feet  nndejr  the  surface  of  the  water, 
aa  the  dam  was  at  the  time  of  the  survey,  to  wit,  October  1, 1827 ;  said  stone  bears 
south,  seventy-one  degrees  west,  three  rods  and  eight  links  from  a  large  rock  on  the 
eastern  bank,  marked  *'  1827,"  and  bears  also  from  a  rock  near  the  mill-dam  (marked 
*'  H")  north,  nineteen  degrees  and  thirty  minutes  west,  and  distant  twelve  rods  and 
twenty-one  links.  At  this  point  the  variation  of  the  needle  was  ascertained  to  be 
nine  degreed  west. 

From  the  above  stono  the  line  is  north  seven  degrees  and  forty-one  minutes  east, 
one  hundred  and  seventy-eight  rods  to  East  pond,  and  crossing  the  pond  three  hun- 
dred and  eleven  rods  in  width  to  a  stone  monument  which  we  erected  qp  on  the  bank, 
about  three  and  an  half  feet  high  above  the  surface  of  the  ground,  marked  N  on  the 
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ir«at  side  and  M  od  the  east  side,  irhioh  deacription  applies  U>  all  the  atoDe  dmi- 
menta  hereiDofter  mentioned  nnlesa  they  are  othenrige  porticolaciy  described ',  IbeM 
the  same  conrse,  two  hundred  and  twenty-five  rods,  t«  Fox  Ridge,  and  to  a  iton 
monnment  wfaicb  ia  placed  upon  tbe  uortb  side  of  the  rood  tbst  leads  fhim  WakeficM 
to  Shaplelgh ;  thence  two  hundred  rod.B  lo  Batch's  poDtl ;  aoroas  the  pood,  one  hun- 
dred and  three  and  half  rods;  across  a  peoiusulo,  thirty<aix  roda;  across  a coie. 
flfty-one  rods  and  seventeen  links;  across asecondpeoinsula,  fotty-eigbt  rods;  acnia 
a  second  cove,  twenty-seveu  rmls,  ten  links. 

TbeDCB  three  hundred  and  seventy  rods,  to  the  road  leading  from  NewBeld  to  Wake- 
field and  a  stone  mnumiient,  erected  nu  the  north  «ide  of  the  saine.  Dear  Campc- 
nell'sbouse;  thence  uorth  six  de|;ieeii  uud  teu  miuul^'seaet,  five  hnadred  and  nios; 
toda,  to  the  liuo  of  Parson  field,  to  a  stone  monument  with  additional  mark  "laSH.'' 

At  this  point  the  varislioD  of  the  uocdlu  waa  tuuud  lo  be  uine  degrees  fifteen  min- 
Qtes  west.  Thence  same  counw  five  hundred  and  eleven  rods,  crossini;  the  emi  o! 
Province  (Kind  to  a  stone  inouament  on  the  Parsunflcld  rood,  near  the  house  of  Jams 
AuilrewH,  al»u  with  adilitionul  mark  "  lam  ";  thence  north  eight  degrees  aodtbinj- 
eight  minutes  east,  two  hnndred  and  eif;ht  roda,  to  the  uld  comer-atone  of  Efflnghun. 
about  two  feet  above  tbe  ground,  and  not  marked;  thence  north  eight  degrees  Eftj- 
five  minutes  east,  two  hundred  and  seventy-seven  rhIh,  to  a  large  round  stone  sbost 
threefeetdiameterand  two  feet  high,  marked  Nand  M,  bythe  road  upon  Tow  lea  hill; 
thence  north  seven  degrees  fifty-five  minutes  east,  six  hundred  and  thirty-one  rodste 
a  atone  monunient,  ou  the  road  leading  from  Parsoufield  to  Efflugham.  At  this  point 
the  variation  of  the  needle  was  found  to  he  9  degrees  thirty  minutes  west.  Tbenet 
north  Ave  degrees  two  minutes  east,  seven  hundred  thirty-four  to  a  pine  stump, 
upon  a  small  island  in  Ossipee  River  at  the  foot  of  the  falls;  thence  north  ten  de- 
grees east,  thirty  rods,  to  a  stone  monument,  on  the  north  aide  of  the  new  ivsd  (roo 
PortertA  Effingham ;  thence  the  same  conrae,  five  hundred  fifty-eight  rods,  lo  thetop 
of  Bald  Moontain ;  thence  same  coarsa,  three  hundred  sixteen  rods,  lo  the  lop  at 
Biokford  Mountain  ;  thence  aame  course  one  hundred  and  ninety-three  rods,  toasMM 
monument,  on  the  north  side  of  the  road,  leading  from  Porter  to  Eaton. 

At  this  point  the  variation  of  the  needle  was  found  to  be  nine  degrees  forty-fin 
minutes  west ;  thence  north  eight  degrees  fiveminntes  east,  seven  hundred  and  fbfty- 
fourrods.  to  Cragged  Mountain;  tbenoe  same  course,  sixty-seven  rods,  te  the  coioer 
of  Eaton ;  thence  same  couiae,  seven  hundred  eighty-seven  and  an  half  rods,  to  tbe 
oomer  of  Conway ;  thence  same  course,  six  hundred  teu  and  an  half  rods,  to  a  itone 
monument,  on  the  south  side  of  the  road,  leading  from  Brown&eld  to  Conway  Centa; 
thence  north  eight  degrees  east,  eight  hundred  seventy-one  rods,  to  a  atone  monaiiMtl 
on  the  south  side  of  the  rood  leading  from  Fryeburg  Village  to  Conway.  At  tbii 
point  the  variation  of  the  needle  was  fouud  to  be  teu  degree*  west ;  theooe  samf 
course,  fourioda,  to  a  stone  monument  on  the  north  side  of  the  same  road;  thence  aortb 
eight  degrees  fifteen  minnt«s  east,  one  hnndred  two  rods,  lo  Saco  River ;  thtmce  saiM 
course,  eighteen  rods,  across  said  river;  thence  same  course,  six  hnndred  fbny-fooi 
rode,  to  a  stone  monument  on  tbe  road  leading  to  Fryeborg  Village,  on  the  north  sidf 
of  the  river. 

This  monnment  is  marked  as  before  described,  and  is  about  eight  feet  high  abovt 
the  ground;  thence  same  course,  one  hundred  forty-two  rods,  to  Ballard's  UiliPond; 
thence  same  course,  aixty-one'  rods,  six  links,  across  said  pond;  thence  same  coons, 
three  hundred  forty-four  rods,  to  a  stone  monument  on  the  east  aide  of  Chatham  load; 
thence  aame  course,  six  hundred  ninety  rods,  to  Kimball'a  Pond  ;  thence  same  ooqik, 
one  hundred  aixty-six  rods,  aeroBSB^d  pond;  thencesameooune,  sixty  rods,  toasiont 
monument  on  the  meadow.'  Thence  same  course,  nine  hundred  forty  roda,  totbeoo^ 
ner  of  Bradley  and  Eastman'a  grant ;  thence  aame  course,  six  hundred  and  ninety  toda, 
to  a  stone  monument  on  the  east  side  of  the  Cold  Biver  road.     This  stone  is  marked  W 


'  From  thia  point  the  line  was  reeurveyed  in  185B,  vide  p.  31 
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before  described,  bnt  is  not  more  than  two  feet  above  the  ground.  Thence  same  oonrse, 
one  thonsand  five  hundred  forty  rods,  to  the  comer  of  Warner  and  Oilman's  location,  a 
pile  of  stones.  At  this  point  the  variation  of  the  needle  was  fonnd  to  be  ten  degrees 
twenty-three  minutes  west ;  thence  same  course,  four  hundred  and  fifty  rods,  to  top 
of  Mount  Boyce ;  thence  same  course,  eight  hundred  ninety-eight  rods,  to  Wild  River ; 
t hence  same  course,  eight  rods,  across  said  river;  thence  same  course,  seven  hundred 
sixty-five  rods,  to  a  stone  monument  on  the  north  side  of  the  road  leading  from  Lan- 
caster to  Bethel;  thence  same  course,  one  hundred  rods,  to  Androscoggin  River  I 
thence  same  course,  eighteen  rods,  across  said  river ;  thence  north  eight  degrees  ten 
minutes  east,  four  thousand  one  hundred  sixty-two  rods, across  ten  streams,  to  Chiok- 
walnepg  River;  thence  same  course,  two  thousand  five  hundred  rods,  to  a  stone 
monument  on  the  north  side  of  the  road  leading  from  Errol  to  Andover.  This  stone 
is  marked  '^N.  H."  and  **  M.,"  thence  same  course  two  hundred  ten  rods  to  Cambridge 
River,  thence  same  course  eight  rods  across  said  river,  thence  same  course  five  hun- 
dred sixty-seven  rods  to  Umbagog  Lake,  thence  same  course  thirty-four  rods  across  a 
cove  of  the  same,  thence  same  course  ten  rods  across  a  peninsula  of  the  same,  thence 
same  course  two  hundred  twenty-five  rods  across  a  bay  of  said  lake,  thence  same 
course  two  hundred  six  rods  across  a  peninsula  of  the  same,  thence  same  course  one 
thousand  one  hundred  sixty-five  rods  across  the  north  bay  of  said  lake  to  a  cedar  post 
marked  **  N/'  **  M. ,"  thence  north  eieht  degrees  east  seven  hundred  fourteen  rods  to  Pond 
brook;  thence  same  course  two  hundred  twenty -five  rods  to  a  stone  monument  on  the 
south  side  of  the  Margallaway  River,  thence  same  course  ten  rods  across  said  river, 
thence  same  course  one  hundred  sixty-two  rods  to  a  spruce,  corner  of  the  college 
grant,  tlieuce  same  course  two  hundred  sixty-four  rods  to  Margallaway  River  a  second 
t  Imo.  At  this  point  the  variation  of  the  needle  was  found  to  be  eleven  degrees  forty- 
five  mifmtes  west ;  thence  same  course  ten  rods  across  said  river,  thence  same  course 
two  hundred  and  ninety  rods  to  same  river  a  third  time,  thence  same  course  ten  rods 
across  said  river  to  a  monument  made  with  three  stones  on  the  north  side  of  said 
river,  about  two  feet  hi^h  and  not  marked,  thence  same  course  four  hundred  forty- 
four  rods  to  comer  of  township  number  five,  in  second  range,  in  Maine,  thence  same 
oonriM3  one  thousand  oiglit  hundred  six  rodsto  the  north  comer  of  the  same  township, 
thence  same  course  four  hundred  and  sixty  rods  to  a  branch  of  Little  Diamond  River, 
thence  same  course  three  hundred  fifty  rods  to  another  branch  of  the  same,  thence 
same  course  two  thousand  one  hundred  twenty  rods  to  a  branch  of  the  Margallaway 
River,  thence  same  course  three  hundred  thirty-two  rods  to  another  branch  of  the 
same,  thonce  same  course  four  hundred  rods  to  a  steep  mountain  called  Prospect 
Hill,  thence  same  course  nine  hundred  and  tweiity  rods  to  Mount  Carmel,  sometimes 
called  Sunday  Mountain,  thence  same  course  four  hundred  rods  to  a  perpendicular 
precipice,  thence  same  course  five  hundred  and  forty  rods  to  a  branch  of  Margalloway 
River,  thence  same  course  two  hundred  and  sixty  rods  to  a  branch  of  the  same,  thence 
same  course  three  hundred  forty-six  rods  to  a  second  steep  precipice,  thence  same 
course  one  hundred  eighty-six  rods  to  a  branch  of  Margallaway  River,  thence  same 
course  two  hundred  forty-two  rods  to  another  branch  of  same  river,  thence  same  course 
seventy-eight  rods  to  a  beaver  pond,  thence  same  course  one  hundred  twenty-six  rods 
to  a  yellow  birch  tree  on  the  highlands  which  divide  the  waters  that^run  south  from 
those  that  run  into  the  St.  Lawrence,  being  the  northern  extremity  of  the  line  and 
one  hundred  and  twelve  miles  two  hundred  and  thirty-three  rods  from  the  head  of 
Salmon  Falls  River. 

Found  said  tree  marked  on  the  east  side  '^M.  E.  1789,"  and  on  the  west  '*N.  H.  N. 
E.;"  also  "M.  54."  To  these  marks  we  added  "  N.  H.,"  "N.  E.,"  and  '*M.  E.," 
**1828,""E.  H.,"  "A.  M.  M.,"  •*  1828,"  and  stones  were  piled  round  the  same  and 
marked. 

The  whole  course  of  the  lins  from  the  Androscoggin  River  was  re-marked  by  Spot- 
ting the  old  marked  trees  and  crossing  the  spots  and  marking  others  in  the  course. 
And  the  line  as  above  survey  and  described  we  agree  to  be  the  true  boundary  line  of 
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•aid  States.  And  the  abOTe-descrlbed  nurkg  and  monamenta  w«  evtablidi  UMf 
nat«  tb«  Mine,  aod  that  tbe  aaid  line  hereafter  remaiD  the  boiindiU7lliwl)«tw«adi 
StatM,  nnlesB  the  legUlatare  of  either  State  shall,  at  the  first  aeBsion  aftn  the  cm 
tion  of  this  agreement,  dioapprove  of  tbe  same. 

WILLIAM  KINO, 
BUFU8  McINTIBE, 

CommUaiown  of  Jfrn 

ICHABOD  BARTLETT, 

JOHN  W.  WEEKS, 

CommiMionert  of  Sew  Jlamfikn. 

NOVBHBBB  13,  1B28. 

The  legislatore  of  Maine  approved  of  the  commissioners'  report  Fri^ 
ruary  28, 1S29,  and  reqoeated  the  goveriior  to  issae  Ma  proclamatioD 
accordingly. 

The  same  action  waa  taken  by  the  legislatore  of  New  Hampshire,  July 
1,  1829. 

(For  Beport  of  Commissioners,  see  Laws  of  Maioe,  J82S-'9,  ODdcr 
head  of  Resolves  of  the  Ninth  Legislature  of  the  Stat«  of  Uaine,  pa^ 
39-43.) 

Between  1828  and  1868,  considerable  portions  of  the  amost  unbroka 
forests  through  which  the  line  of  1827-'28  was  marked  were  cleared. 
Extensive  forest  fires  often  swept  large  tracts  of  this  territory,  and,  as 
a  consequence,  the  marks  of  the  1827-^28  survey  for  a  distance  of  nearlv 
eighty  mUes — which  by  that  surrey  was  mainly  fixed  by  blazed  tnet, 
— only  seven  stone  posts  having  been  set  in  this  distance — were  obUter- 
ated,  so  that  there  remained  scarcely  avestige  of  tbe  original  line.  The 
lands  having  become  valuable,  and  litigation  in  man3'  cases  being  immi- 
nent, the  legislatures  of  the  two  States  in  1858  provided  by  enactment 
for  another  survey  £rom  Fryeburg  to  the  Canada  line — which  was  made 
the  same  year.    Tbe  line  as  then  surveyed  is  as  follows,  viz : 

ConimeiicUig  at  an  itou  post*  sitaatod  on  the  line  ran  io  accordance  with  \bo 
■'Treaty  of  WMhiDgton,  of  August  9,  1843,"  as  the  bonndar;  between  tbe  Ueitnl 
States  and  the  province  of  Caoada,  at  the  corners  of  the  States  of  Maine  and  Ii<« 
Hampshire.  On  tbe  sonth  face  uf  said  post  are  the  words  "Albert  Smith,  U.  5. 
ComMr. " ;  on  tbe  north  face,  "  Lt.  CoL  I.  B.  B.  Eaatconrt,  H.  B.  M.  Comnr." ;  on  tin 
westliKe,  "  Boaodar;,  Aug.  9,  1B4S";  on  tbe  east  face,  "  Treaty  of  WaabingtoD."  Ta 
tbe  marks  are  added  on  thesoathernhalf  of  thewest  face,  "H.  O.  Keot."  A  large  Sit 
atoDB  was  placed  on  the  southern  face  of  the  moniimeDt  and  marked  "  IBSS — N.H., 
Ue.,"  on  either  siile  of  a  line  cut  in  said  stone  bearing  the  direction  of  the  State't 
line,  vIe,  south,  8  degrees  west. 

From  this  point  tbe  line  is  south  6  degrees  west,  IT  rods,  T  links  to  s  large  jello* 
birch  stub,  the  northern  terminus  of  the  former  survey  ;  thence  12fi  rods  to  a  beaiw 
pond;  tbenceT^rods  to  thenorthnesterl;  branch  of  the  Hurgallawaj,  known  as  Kent 
Biver ;  thence  942  rodn  to  another  branch  of  the  Margallaway  j  thence  186  rods  to  i 
certain  steep  precipice  perpendicular  on  its  sou  them  lace;  tbeDoe346TodatoabraiKh 
of  the  Margallaway  River;  thBnce''t60rod8  to  another  branch  of  the  same;  tbenceMO 
nxls  to  a  precipice,  the  southern  aide  of  Mount  Abbott ;  thence  400  rods  to  the  saDuniC 

■The  position  of  this  post  ia  given  in  Hitchcock's  Geological  Survey  of  New  Hamp- 
■hire,  as  follows,  viz,  latitude,  4^"^  IH'  ■2;t".3.'( ;  longitude,  71°  5'  4iy',5. 
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of  Moant  Carmel ;  ^^bence  990  rods,  and  across  four  streams,  to  the  snmmit  of  Prospect 
Hill. 

On  this  distance  we  marked  a  yellow  birch  tree  **  H.  O.  Kent,  September  20,  ISSd,** 
and  the  names  of  the  remainder  of  the  party ;  thence  400  rods  to  another  branch  of 
the  Margallaway ;  thence  332  rods  to  the  Little  Margallaway  River ;  thenco  2,120  rods 
across  Boscbiick  Mountain  tp  a  branch  of  said  river.  On  this  distance  at  the  north- 
west corner  of  township  No.  5,  range  3,  in  Maine,  "(Vre  marked  a  white  birch  tree,  ^'N. 
H.  M.,''  and  on  its  north  and  south  sides,  **  IV,  III."  Thirty  rods  from  the  summit  of 
Bosebuck  Mountain,  and  on  its  northern  slope,  wo  erected  a  stone  monument  marked 
**  N.  M." ;  theuce  3^0  rods  to  the  Little  Diamond  River  or  Abbott  Brook ;  thence  460 
rods  to  the  northwest  corner  of  township  No.  5,  range  2,  in  Maine.  On  this  distance 
we  found  an  aricient  yellow  birch  tree  marked  *' 1789-35,  M."  To  these  marks  we 
added  '*  16G8'' ;  thence  l,80G  rods  to  the  southwest  corner  of  the  same  township.  Ob 
this  distance,  at  the  northeast  corner  of  Dartmouth  College,  second  grant  in  N.  H.^ 
we  niarkofl  a  large  yellow  birch  tree  **Me.,J.  M.  W.,  1658;  N.  H.,H.  O.K.";  thence, 
and  across  an  open  bog,  444  rods  to  the  north  bank  of  the  Margallaway  Rivor,  to  a 
white  mnpio  tree  marked  '^N.  H.  M.";  thence  10  rods  across  said  river  to  a  large 
pine  tree  marked  "  M."  *'N.  H." ;  tlicnce  and  across  a  second  open  bog  290  rods  to  the 
same  river  and  to  n  large  elm  Htub;  thence  10  rods  across  sai<l  river;  tlicnce  264  rods  to 
a  spruce  post  marked  "  M."  **N.  H.",  '*  W.  L.",  "  D.  C",  being  the  southeast  comer  of 
Dartmouth  College,  second  grant;  thence  162  rodsto  the* Margallaway  River;  thence 

10  rodH  across  said  river  to  a  stone  monument  on  its  southerly  side,  staUdiug  about  3 
feet  al»ov«  the  (! round  and  marke<l  **M."  '*N.  H.";  tlience  to  the  original  line  tree 
nearest  to  the  clearing  of  the  home  farm  of  Z.  F.  Durkee,  esq.  The  course  of  the  Une 
the  entire  diHtanve  from  the  iron  poet  at  the  national  boundary  to  this  point  beare  south 
eight  tiegnes  vest ;  thence  across  said  clearing,  the  old  lino  marks  being  gone,  south 

11  degrees  and  30  minutes  west,  168  rods,  to  the  old  crossed  trees  in  the  woods  south 
of  Pond  Brook  ;  thence  from  Pond  Brook  south  eight  degrees  west,  714  rods  to  the 
north  bog  of  Umbagog  Lake  and  to  a  cedar  tree  marked  ''M."  "N."  To  this  we 
added  "1858." 

On  this  distance  near  the  corner  of  Errol  and  Wentworth's  location,  which  is  a  ce- 
dar post  in  a  pile  of  stones,  we  marked  a  maple  tree  **M.  1858,"  **  N.  H.  1858''; 
thence  south  ten  degrees  and  thirty  minutes  west  1,165  rods,  across  the  north  bay  of 
said  lake  to  the  old  marked  trees  on  the  southern  shore ;  thence  eouth  eight  degrees 
west  206  rods  across  the  peninsula  to  a  cedar  tree  marked  ^*M."  ''N.  H."  A  large 
stone,  also,  on  the  lake  shore  was  marked  "M,"  **S,H**'t  thence  same  course  225 
rods,  across  a  bay  of  said  lake ;  thence  same  course  10  rods,  across  a  peninsula ;  thenco 
same  course  34  rods  across  a  cove ;  thence  same  course  567  rods  to  Camblidge  River; 
thence  same  course  8  rods,  across  said  river  to  a  white  maple  stub ;  thence  same  coarse 
210  rods  to  a  stone  monument  on  the  north  side  of  the  road  leading  from  Andover, 
Me.,  to  Colebrook,  N,  H.;  thence  same  course  to  the  north  edge  of  the  burnt  land 
in  Grafton  and  Success;  thenoe  south  11  degrees  west  across  ten  streams  and  the 
Chickwalmpy  River,  or  Silver  Stream,  to  the  old  line  trees  bearing  the  crosses, 
easterly  of  the  south  end  of  Snccess  Pond ;  thence  on  the  same  course  south  10 
degrees  west  following  the  old  mark  to  an  ash  tree  bearing  the  original  cross, 
standing  a  few  rods  north  of  the  house  of  the  late  Daniel  Ingalls,  in  Shelbnme; 
thence  south  11  degrees  west  to  a  stone  monument,  by  the  road  on  the  north  side 
of  the  Androscoggin  River,  and  to  the  north  bank  of  said  river,  the  whole  distance 
from  the  stone  monument  near  Umbagog  Lake  to  the  north  bank  of  the  Andro- 
scoggin River,  being  6,662  rods;  thence  south  11  degrees  west  18  rods  across  said 
river ;  thence  same  course  100  rods,  crossing  the  track  of  the  Grand  Trunk  Railway 
to  a  stone  monument  on  the  north  side  of  the  road  leading  from  Lancaster,  N.  H.,  to 
Bethel,  Me  ;  thence  same  course,  765  rods  to  a  liemlock  tree  on  the  south  bank  of  Wild 
River ;  thence  south  66  degrees  30  minutes  west  34  rods  on  an  offset  of  the  old  snr- 
vey  along  said  south  bank  to  the  old  line  trees ;  thence  following  the  old  line  trees 
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south  11  degrees  west,  pasaing  the  southeast  corner  of  Shelbame,  898  rods  to  the  t<q» 
of  Mount  Royce,  the  whole  distance  being  1,681  rods.  One  mile  north  of  the  snmniit 
•f  Mount  Roycc  we  marked  a  beech  tree  ^*  N.  H."  *'  M./'  1856 ;  thence  to  a  large  tftone 
miarkcd  *'N.  H."  *'  Mc.^';  thence  f>outh  10  degrees  15  minutes  west  to  a  atone mona> 
ment  on  the  cunt  side  of  the  Cold  River  road.  On  this  distance  at  the  foot  of  the  firat 
precipice  on  the  northern  face  of  Mount  Royce  a  white-birch  tree  was  marked  'U858.' 
Further  uu  and  eant  of  a  bare  ledge  a  white-birch  tree  was  marked  "  1858,"  and  nev 
it,  on  the  line,  a  pile  of  stones  was  erected.  At  the  first  clearing,  near  the  north  end 
ef  a  stone  fence,  a  largo  stone  was  marked  **  M."  '*  N.  H.'' ;  thence  along  a  stone  fence 
and  acrosfi a  road  through  a  piece  of  new  growth  and  again  croasin^^  the  road;  then 
iollowing  another  stoue  fence  on  the  east  side  of  the  road,  passing  through  a  field  and 
hy  the  end  ot  another  stone  fence ;  then  crossing  a  road  near  the  west  end  of  a  brid|^ 
over  Cold  River  ;  then  following  the  valley  of  that  stream  and  crossing  It  six  times; 
then  crossing  another  road,  where  we  placed  a  stone  monument ;  then  through  afield, 
striking  an  old  stump  and  pile  of  stones,  shown  as  the  old  lino  and  passing  between 
a  bouse  and  bam,  and  through  the  western  edge  of  a  grove  of  trees  to  the  stone  moo- 
nment  near  the  house  of  Mr.  Eastman,  the  whole  distance  being  1,190  rods;  thence 
1,630  rods  to  a  stone  monument  standing  in  the  meadow  60  rods  north  of  the  north 
shore  of  Kimball's  pond,  in  Fryeburg. 

But  as  the  towns  of  Fryeburg  and  Stowe  have  erected  no  durable  monument  on  the 
State's  line  at  their  respective  corners,  we  deemed  it  advisable,  under  onrinstmctJoD^ 
to  proceed  so  far  south  as  at  least  to  pass  the  said  corner  and  to  complete  the  work  at 
some  well-defined  monument  of  the  old  survey. 

This  course  bore  from  the  monument  to  and  across  an  open  bay  south  12  degrees 
west ;  thence  on  the  old  trees  south  9  degrees  west  100  rods ;  thence  on  the  old  Hne 
south  10  degrees  30  minutes  west  to  a  stone  monument  erected  by  ns  near  the  house  of 
Jonnet  Clay,  in  Chatham,  and  on  the  north  side  of  the  road  leading  from  Stowe  to 
Chatham  Comers;  said  monument  is  marked  "M."  '.'N.  H."  1858;  thence  on  the  old 
line  ssuth  11  degrees  west  to  the  road  leading  from  North  Fryeburg  to  Chatham,  at 
which  point  we  placed  a  stone  monument ;  thence  south  11  degrees  west  to  the  north- 
west comer  of  Fryeburg,  being  a  stake  in  a  pile  of  stones  in  a  piece  of  low  ground, 
southerly  of  the  house  of  Captain  Bryant,  and  to  the  old  monument,  60  rods  north  of 
Kimball's  pond.  On  the  bank  north  of  said  corner,  on  the  south  side  of  the  road,  and 
near  Captain  Bryant's  house,  we  placed  a  stone  monument  marked  '^M.''  <'N.  H. 
1858." 

The  different  courses  laid  down  in  the  foregoing  report  are  the  bear- 
ings of  the  compass  in  1858  when  placed  on  the  line  established  in  1828. 
(See  Legislative  Journal  of  New  Hampshire,  1869,  pages  7(54-767.) 

In  1874  the  line  between  Maine  and  New  Hampshire  was  resnrveyed 
and  marked.  ( Vide  Hitchcock's  Geology  of  New  Hampshire,  VoL  I,  p. 
173.) 


NEW   HAMPSHIRE. 

The  first  charter  of  Virginia,  granted  in  1606,  included  the  territory  of 
the  present  State  of  New  Hampshire  (vide  p.  32),  as  did  the  charter  of 
New  England,  granted  in  1620  (vide  p.  33),  and  the  grant  to  Capt.  John 
Mason  and  Sir  Ferdinando  Gorges  of  1G22  (vide  p.  33). 

The  president  and  coancil  of  New  England  made  a  grant  to  Capt. 
John  Mason  in  1629  as  follows,  viz : 
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All  that  part  of  the  main  land  io  New  England  lying  tpon  the  sea  coast,  beginning 
from  the  middle  part  of  Merrimack  River,  and  from  thence  to  priKseed  northwards 
along  the  sea-coast  to  Piscataqua  River,  and  so  forwards  up  within  the  said  river  and 
to  the  furthest  head  thereof,  and  from  thence  northwestwards  until  three  scoxQ  miles 
be  finished  from  the  first  entrance  of  Piscataqua  River  and  also  from  Merrimack 
through  the  said  river  and  to  the  furthest  head  thereof,  and  so  forward  up  into  the  lands 
westward  until  thi-ee  score  miles  be  finished,  and  from  thence  to  cross  overland  to  the 
three  score  miles,  and  accompted  to  Piscataqua  River,  together  with  all  islands  and 
islets  within  5  leagues  distance  of  the  premises  and  abutting  upon  the  same,  or  any 
part  or  parcel  thereof,  &c.,  *  •  •  which  said  portions  of  lands  •  •  •  the  said 
Capt.  John  Mason,  with  the  consent  of  the  president  and  council,  intends  to  name 
New  Hampshire.    *    •     • 

Io  1635  the  grant  of  1629  was  confirmed  by  a  sapplementary  grant, 
of  which  the  following  is  an  extract,  viz: 

All  that  part  of  the  Mayn  Land  of  New  England  aforesaid,  beginning  from  the 
middle  part  of  Naumkeck  River,  and  from  thence  to  proceed  eastwards  along  the  8ea 
Coast  to  Gape  Anne,  and  round  about  the  same  to  Pischataway  Harbour,  and  soe  for- 
wards up  within  the  river  Newgewanacke,  and  to  the  furthest  head  of  the  said  River  and 
from  thence  northwestwards  till  sixty  miles  bee  finished,  from  the  first  entrance  of 
Pischataway  Harbor,  and  alsoe  from  Naumkecke  through  the  River  thereof  up  into 
the  land  west  sixty  miles,  from  which  period  to  cross  over  land  to  the  sixty  miles* end, 
accompted  from  Pischataway,  through  Newgewanacke  River  to  the  land  northwest 
aforesaid ;  and  alsoe  all  that  the  South  Halfe  of  the  Ysles  of  Sholes,  all  which  lanrls, 
with  the  Consent  of  the  Connsell,  shall  from  henceforth  be  called  New-hampshyre. 
And  alsoe  ten  thousand  acres  more  of  land  on  the  southeast  part  of  Sagadihoc  at  the 
mouth  or  entrance  thereof — from  henceforth  to  bee  called  by  the  name  of  Massonia, 
&c.    •    •    • 

After  the  death  of  Capt.  John  Mason  (in  December,  1635),  the  affairs 
of  the  colony  coming  into  bad  condition,  they  8onght  the  protection  of 
Massachasetts  in  1641  and  enjoyed  it  till  1675,  when  Robert  Mason,  a 
grandson  of  John  Masoii,  obtained  a  royal  decree,  under  which,  in  1680, 
a  colonial  government  was  established.  But  no  charter  was  given  to 
the  colony,  and  its  government  was  only  continued  during  the  pleasure 
of  the  King.  The  following  is  an  extract  from  the  commission,  or  de- 
cree, issued  by  the  King  in  1680: 

Province  of  New  Hampshire,  lying  and  extending  from  three  miles  northward  of 
Merrimack  River  or  any  part  thereof  into  ye  Province  of  Maine. 

In  the  year  1690  the  province  of  New  Hampshire  was  again  taken 
under  the  jurisdiction  of  Massachusetts  Bay,  but  was  again  separated 
in  1692. 

[For  a  history  of  the  boundary  between  New  Hampshire  and  Maine, 
vifle  Maine,  p.  35.] 

The  controversy  already  referred  to  arising  between  the  provinces  of 
New  Hampshire  and  Massachusetts  Bay  not  only  involved  the  settle- 
ment of  the  boundary  between  New  Hampshire  and  Maine,  but  also  that 
between  New  Hampshire  and  Massachusetts,  and,  as  before/  stated  (vide 
Maine,  p.  35),  the  commissioners  appointed  by  the  two  provinces  hav- 
ing been  unable  to  agree.  New  Hampshire  appealed  to  the  King,  who 
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ordered  that  the  boundaries  should  be  settled  by  a  board  of  oominis- 
sioners  appointed  from  the  neighboring  colonies. 

The  board  met  at  Hampton  in  1737,  and  sobmitted  a  conditioDal  de- 
cision to  the  King,  who  in  1740  declared  in  council  as  follows,  viz: 

That  the  northern  boundary  of  the  province  of  MaaBachasetto  be  a  similar  cure 
line  pursuing  the  course  of  the  Merrimac  River,  at  three  miles  distance,  on  the  north 
side  thereof,  beginning  at  the  Atlantic  Ocean  and  ending  at  a  point  doe  north  of  Pso- 
I j  tucket  Falls,  and  a  straight  line  drawn  from  thence,  due  west,  till  it  meets  with  H» 

■^  Majesty's  other  Governments.    ( Vide  Vermont  State  Papers,  Slade,  p-  9.) 

New  Hampshire  claimed  her  southern  boandary  to  be  a  line  due  west 
from  a  point  on  the  sea  three  miles  north  of  the  month  of  Merrimac 
Biver.  Massachusetts  claimed  all  the  territory  three  miles  north  of  any 
part  of  Merrimac  Elver.  The  King's  decision  gave  to  Kew  Hampshire, 
a  strip  of  territory  more  than  fifty  miles  in  length  and  of  varying  widths 
in  excess  of  that  which  she  claimed.  This  decree  of  the  King  was  for- 
warded to  Mr.  Belcher,  then  governor  of  both  the  provinces  of  Xew 
Hampshire  and  Massachusetts  Bay,  with  instructions  to  apply  to  the 
respective  assemblies  to  unite  in  making  the  necessary  provisions  for 
running  and  marking  the  line  conformable  to  the  said  decree,  aud  if 
either  assembly  refused,  the  other  was  to  proceed  ex  parte.  Massacba- 
setts  Bay  declined  complying  with  this  requisition.  New  Hampshire, 
therefore,  proceeded  alone  to  run  and  mark  the  line. 

George  Mitchel  and  Eicbard  Hazen  were  appointed  by  Belcher  to 
survey  and  mark  the  line.  Pursuant  to  this  authority,  in  the  month  of 
February,  1741,  Mitchel  ran  and  marked  the  line  from  the  aea-coast  aboat 
three  miles  north  of  the  mouth  of  the  Merrimac  Eiver  to  a  point  about 
three  miles  north  of  Pawtucket  Falls,  and  Hazen,  in  the  month  of  March 
following,  ran  and  marked  a  line  from  the  point,  three  miles-  north  of 
Pawtucket  Falls,  across  the  Connecticut  River,  to  the  supposed  bound- 
ary line  of  New  York,  on  what  he  then  supposed  to  be  a  dne  west 
course  from  the  place  of  beginning.  He  was  instructed  by  Oovenor 
Belcher  to  allow  for  a  westerly  variation  of  the  needle  of  ten  degrees. 
( Vide  New  Hampshire  Journal  H.  R.,  1826.)  ^ 

The  report  of  the  surveyors  has  not  been  preserved,  but  the  journal 
of  Hazen  has  been  found,  and  is  published  in  the  New  England  His- 

j  torical  and  General  Register,  July,  1879. 

j  Subsequent  investigation  has  proved  that  this  line  was  not  run  on  a 

\\  due  west  course,  the  allowance  for  the  westerly  variation  of  the  needle 

being  quite  too  large,  throwing  the  line  north  of  west. 

This  mistake  seems  to  have  been  known  previous  to  the  BevolntioD. 
In  1774  calculations  were  made  by  George  Sproule,  founded  upon  actual 
surveys  and  accurate  astronomical  observations,  from  which  he  deter- 
mined that  Uazen's  line  was  so  far  north  of  west  as  to  lose  to  the  State 

i  of  New  Hampshire  quite  a  large  tract  of  land.    ( Vide  New  Hampshire 

Journal  H.  R.,  1826.) 
In  1826  commissioners  were  appointed  by  the  States  of  New  Hamp* 
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shire  and  Massachasetts  to.  ascertain,  ran,  and  maii^  the  line  between 
the  two  States,  under  the  proceedings  of  which  Few  Hampshire  as- 
serted her  claim  to  a  dae  west  line,  conformable  to  the  decree  of  1740^ 
it  being  apparent  by  a  survey  maile  by  the  commissioners  that  the  orig- 
inal line  was  north  of  west.  This  the  Massachusetts  commissioners  re- 
fused to  do,  alleging  that  they  were  only  empowered  to  ascertain  and 
mark  the  original  line. 

On  March  10, 1827,  the  legislature  passed  a  resolution  providing  for 
the  erection  of  durable  monuments  to  preserve  the  boundary  line  be- 
tween the  States  of  Massachusetts  and  Kew  Hampshire,  as  the  same 
had  been  run  and  ascertained  by  the  commissioners ;  and  monuments 
were  erected  accordingly.    ( Vide  Resolves  of  Massachusetts,  1827.) 

In  1830-'8  a  trigonometrical  survey  of  the  State  of  Massachusetts  was 
made  under  the  direction  of  Simeon  Bdrden. 

A  table  of  the  latitudes  and  longitudes  of  points  on  the  north  bound- 
ary of  Massachusetts,  taken  from  that  survey,  will  be  found  under  Mass- 
achusetts, p.  64,  from  which  the  true  course  of  the  Hazen  line,  as  marked 
by  the  commissioners  in  1827,  may  be  readily  discovered. 

Under  the  decree  of  the  King  of  1740  the  province  of  New  Hampshire 
claimed  jurisdiction  as  far  west  as  the  territory  of  Massachusetts  and 
Connecticut  extended,  thus  including  the  present  State  of  Vermont. 
New  York  claimed  all  the  country  west  of  the  Connecticut,  under  the 
charters  of  1664  and  1674  to  the  Duke  of  York.  A  bitter  controversy 
ensued.   The  following  papers  serve  to  throw  some  light  on  the  matter: 

Letter  from  the  Oovemor  of  New  Hampthire  to  the  Governor  of  New  York. 

Portsmouth,  November  17,  1749. 

*  *  *  I  think  it  my  duty  ^  ^  *  to  transmit  to  your  excellency  the  descrip- 
tion of  New  Hampshire  as  the  King  has  determined  it  in  the  wordsof  my  commission. 

*  *  *  In  consequence  of  His  Majesty's  determination  of  the  bonndaries  between 
New  Hampshire  and  Massachusetts,  a  surveyor  and  proper  chainmen  were  appointed 
to  mn  the  western  line  from  3  mUes  north  of  Pantncket  Falls,  and  the  surveyor  upon 
oath  has  deolared  that  it  strikes  Hudson's  River  about  80  poles  north  of  where  Mo- 
Awk'B  River  comes  into  Hudson's  River. 

•  •••••• 

B.  WENTWORTH. 
(See  State  Papers  of  Vermont,  Slade  1,  page  10.) 

The  following  is  a  description  of  the  bounds  of  New  Hampshire  given 
to  Governor  Benning  Wentworth,  of  province  of  New  Hampshire,  by 
George  II,  July  3, 1741 : 

George  the  Second,  by  the  Qrace  of  Qod,  of  Great  Britain,  France,  and  Ireland  King, 

•  Defender  of  the  Faith,  &c. 

To  our  trusty  and  welUheloved  Benning  Wentworth,  Esqr,,  ffreeting : 

Know  you  that  we,  reposing  especial  trust  and  confidence  in  the  pmdenoe,  courage, 
and  loyalty  of  you,  the  said  Benning  Wentworth,  out  of  our  especial  grace,  oertaiik 
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knowledge,  and  meer  motion,  have  thought  fit  to  oonstitnte  and  appoint,  and  bj 
these  preaente  do  oonstitnte  and  appoint  yon,  the  said  Benning  Wentworth,  to  be  oor 
goTemor  and  commander-in-chief  of  onr  province  of  New  Hampshire,  within  our  do- 
minions of  New  England  in  America,  bounded  on  the  sooth  side  by  a  similar  eorre 
line  pursuing  the  course  of  Merrimac  River  at'three  miles  distance,  on  the  north  ode 
thereof,  beginning  at  the  Atlantick  Ocean  and  ending  at  a  ]>oint  doe  north  of  a  place 
called  Pan  tucket  Falls,  and  by  a  straight  line  drawn  from  thence  cine  west  cross  the 
said  river  'till  it  meets  with  our  other  Governments.     •     •     • 

Given  at  Whitehall  July  the  3rd,  in  the  15th  year  of  His  Majesty's  reign. 

(See  Documentary  History  of  N.  York,  vol.  4,  page  331.) 

The  question  of  the  right  of  territory  was  submitted  to  the  King,  who 
in  1764  made  the  following  decree : 


ORDXB  IM  COUNCIL  FIXING  THE    BOUNDARY  BETWKKN  NEW  YORK  AKI>  NEW  HAMP- 

.SHIKE. 


[l.  8.]  *         At  the  Court  at  St.  James, 

The  20th  day  of  Jmlg,  17C4. 

Present :  The  King's  Host  Excellent  Majesty ;  Lord  Steward,  Earl  of  Sandwich, 
Earl  of  Halifax,  Earl  of  Fowls,  Earl  of  Hilsborongh,  Mr.  Vice  Chamberlain  Gilbert 
Eliot,  Esqr.,  James  Oswald,  Esqr.,  Earl  of  Harconrt. 

Whereas  there  was  this  day  read  at  the  Board  a  report  made  by  the  right  honon- 
ble  the  lords  of  the  committee  of  oonncil  for  plantation  affairs,  dated  the  17th  of  this 
instant,  npon  considering  a  representation  from  the  lords  commissionerB  for  trade  and 
plantations,  relative  to  the  disputes  that  have  some  years  subsisted  between  the  proT- 
inces  of  New  Hampshire  and  New  York,  concerning  the  boundary  line  between  those 
provinces,  His  Majesty,  taking  the  same  into  consideration,  was  pleased  with  the  ad- 
vice of  his  Privy  Council  to  approve  of  what  is  therein  proposed,  and  doth  aocordioglj 
hereby  order  and  declare  the  west-em  banks  of  the  river  Connecticut,  from  where  it 
enters  the  province  of  the  Msssachusetts  Bay,  as  far  north  as  the  forty-dilh  degree  of 
northern  latitude,  to  be  the  boundary  line  between  the  said  two  provincea  of  New 
Hampshire  and  New  York.  Whereof  the  respective  governors  and  commandeisin 
chief  of  His  Majesty's  said  provinces  of  New  Hampshire  and  New  York  for  the  time 
being,  and  all  others  whom  it  may  concern,  are  to  take  notice  of  His  Mijesty's  pleasure 
hereby  signified  and  govern  themselves  accordingly. 

WM.  BLAIR. 

( Vide  Documentary  History  of  New  York,  vol.  4,  p.  365.) 

NotwithstandiDg  this  decree  of  the  King,  controversy,  attended  witfi 
violence,  was  kept  up  for  many  years ;  but  the  line  was  finally  accepted 
and  now  forms  the  boundary  line  between  the  States  of  New  Hampshire 
and  Vermont. 

The  northern  boundary  of  New  Hampshire  was  settled  by  the  United 
States  and  Great  Britain.    ( Vide  p.  9  et  seq.) 

It  is  as  follows,  viz : 

Commencing  at  the  **  Crown  Monument/'  so  called,  at  the  intersection  of  the  Stats 
of  New  Ham pshire,  Maine,  and  the  Province  of  Quebec,  in  Ifititude  45^  18'23".33, 
longitude  71°  5'  40''.5,  thence  in  an  irregular  line  to  Hall's  Stream,  thence  down  the 
aame  to  the  northeastern  comer  of  Vermont,  in  latitude  45°  (V  17".58,  longitude 71°  30^ 
34''.6.    (  Vide  Hitch.  Geology  of  New  Hampshire.) 
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VERMONT. 

The  grants  from  KiDg  Henry,  of  France,  of  1603,  and  King  James, 
of  England,  of  1606,  both  incladed  that  territory  which  forms  the  pres- 
ent State  of  Vermont.  It  was  also  incladed  in  the  charter  of  New  Eng- 
land of  1620. 

In  the  grants  to  the  Duke  of  York,  in  1664  and  1674,  all  the  territory 
between  the  Connecticut  and  Delaware  Eivers  was  included.  New 
York,  therefore,  claimed  jurisdiction  of  the  territory  now  knoWn  as 
Vermont.  Massachusetts,  however,  at  an  early  period,  having  made 
claim  to  the  tract  west  of  the  Connecticut  Eiver,  now  a  portion  of  that 
State,  by  the  interpretation  of  her  charter,  claimed  the  greater  part  of 
the  same  territory.  By  the  terms  of  tlje  charter  of  Massachusetts  Bay, 
of  1629,  that  colony  was  granted  all  the  lands — 

Which  lye  and  be  within  the  space  of  Three  English  mylee  to  the  northward  of  the 
•aide  River  called  Monomack  alias  Merrymack,  or  to  the  norward  of  any  and  eveiry 
Parte  thereof. 

Under  this  clause  Massachusetts  Bay  claimed  that  her  jurisdiction 
extended  3  miles  north  of  the  farthest  part  of  the  Merrimac  Eiver, 
which  would  embrace  a  large  portion  of  New  Hampshire  and' Vermont. 
New  Hampshire  contested  this  claim,  and  after  several  years' icontro- 
versy  was  more  than  sustained  by  a  decision  of  the  King  in  1740.  New 
Hampshire  in  her  turn  claimed  the  territory  of  Vermont,  on  the  ground 
that  Massachusetts  and  Connecticut,  having  been  allowed  to  extend 
their  boundaries  to  within  20  miles  of  the  Hudson  River,  her  western 
boundary  should  go  equally  as  far,  and  contended  that  the  King's  de- 
cree of  1740  left  that  fairly  to  be  inferred;  also,  that  the  old  charters  of 
1664  and  1674  were  obsolete. 

By  a  decree  of  the  King,  however,  the  territory  west  of  the  Connec- 
ticut River,  from  the  45th  parallel  of  north  latitude  to  the  Massachu- 
setts line,  was  declared  to  belong  to  the  province  of  New  York.  ( Vide 
New  Hampshire,  p.  44.) 

As  most  of  the  settlers  of  Vermont  were  from  New  Hampshire,  this 
decision  of  the  King  caused  great  dissatisfaction,  and  the  Revolution 
found  Vermont  the  scene  of  conflicting  claims,  and  the  theatre  of  violent 
acts,  culminating,  in  some  instances,  in  actual  bloodshed. 

On  January  15, 1777,  Vermont  declared  herself  independent  and  laid 
claim  to  the  territory  west  as  far  as  the  Hudson  River,  and  from  its 
source  north  to  the  international  boundary,  including  a  tract  along  the 
west  shore  of  Lake  Champlain.  A  part  of  New  Hampshire,  also,  at  one 
time,  sought  a  union  with  Vermont. 

In  1781  Massachusetts  assented  to  her  independence.  She  adjusted 
her  differences  with  New  Hampshire  in  1782,  but  eight  years  more 
passed  before  New  York  consented  to  her  admission  into  the  Union. 
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Id  1791  Vermont  was  admitted  as  an  independent  State,  bnt  wun 
quired  to  restrict  her  Iwondaries  to  tbeir  present  extent- 

The  act  of  Kew  York,  of  March  6, 1790,  giving  her  coDsrait  to  the  ad^ 
mission  of  Vermont,  defines  her  boundaries,  ( Vide  Slade's  Vennwit, 
p.  507.) 

The  nortlieru  boundary  was  aettled  by  the  Hnited  States  and  Graai 
Britain  by  the  treaty  of  Washington,  in  1842.     ( Vide  p.  16.) 

The  eastera  boundary  is  low-water  mark  oo  the  west  bank  ot  the 
Connecticut  River.     ( Vide  New  Hampshire,  p.  44.) 

The  southern  boundary  was  settled  by  the  decree  of  1740.  {Viii 
New  Hampshire,  p.  42.) 

The  line  between  Vermont  and  New  York  was  surveyed  and  marked 
by  commissioners  from  the  two  States  in  1814,  and  is  as  followB,  viz: 

Begioniog  at  a  Kd  or  bl&ok  oak  tree,  the  northwest  comer  of  HBasaohiuetti,  ud 
romiiDg  north  83°  W  west  m  the  mignetic  needle  pointed  ia  1814,  50  chkine,  to  i 
iqonDmenteKCted  for  the  son tli west  corner  oftbo  Stkte  of  Vermont,  by  Smith  Thonii' 
SOD,  Simon  De  Witt,  and  0«argeTibbitt«,commlBsioiier«  on  the  part  of  New  Tark,iad 
Joseph  Beemm,  jr.,  Henr;  Olin,  and  Joel  Pr&tt  second,  commissionerB  on  tbe  pwt  d 
the  State  of  Vermont,  which  monara«Dt  atnndi  on  the  brow  of  a  high  bill,  deaModiog 
to  the  west,  then  northerly  in  a  straight  line  to  apoistwhichiidintant  10cli>ii>«,oii> 
conrse,  tonth  36  degreea  west,  from  the  most  westerly  corner  of  s  lot  of  lAnd  dlttii- 
gDished  in  the  records  of  the  town  of  Pownal,  in  tbe  Btat«  of  Vermont,  m  the  Aftt 
division  of  the  right  of  Gamaliel  Wallace,  and  which,  in  the  year  1814,  waa  owned 
and  occapied  by  Abraham  Vosbttrgh ;  then  north  35  degrees  ea«t  to  eaid  corner  tnd 
along  the  westerly  bonnda  of  said  lot,  30  chains  to  a  place  on  the  westerly  bank  of 
Baalok  Biver,  where  a  hemlock  tree  heretofore  stood,  notdoed  in  said  records  as  th* 
most  northerly  comer  of  said  lot;  then  north  1  degree  and  80  minntea  west,  6  ebaiu 
to  a  monnment  erected  by  the  said  commissioners,  standing  on  the  westerly  side  of 
Hasiok  Kiver,  on  the  north  side  of  the  highway  leading  ont  of  Hoaick  into  Pownal, 
and  near  the  northwesterly  comer  of  the  bridge  crossing  said  river;  then  north  37 
degrees  and  20  minutes  east,  30  chains,  through  the  bed  of  the  said  river,  to  a  largr 
ronndish  rock  on  the  uortbeast«rly  bank  thereof;  then  north  SS  degrees  wrst, 
16  chains  and  70  liuks;  then  north 9  degrees  west,  18ch^nsand601inke,  to  a  white- 
oak  tree,  at  the  sonthwest  comer  of  the  land  oocnpied  in  1614  by  Tfaomaa  Wili^; 
then  north  1 1  degrees  oast,  77  chains  to  tbe  north  side  of  a  highway,  where  it  ia  met 
by  a  fence  dividing  the  possession  of  said  Thomas  Wilsey,  Jr.,  anil  Emery  Bant;  then 
north  46  degreea  east,  6  ohaiaa ;  then  south  66  degrees  esst,  S6  chains  and  SS  links ; 
then  north  9  degrees  east,  27  chains  and  50  links  to  a  blne.slate  stone,  anciently  set 
np  for  the  sonthwast  corner  of  Bennington ;  then  north  7  degreea  and  30  minoteaeast, 
46  miles  43  chains  and  bO  links  to  a  banch  of  hornbeam  saplings  on  the  aonth  Lank  of 
Ponltney  River,  the  northernmost  of  which  was  marked  by  said  last-mentioned  oom- 
missionors,  and  from  which  a  large  bnttemnt  tree  bears  north  70  degreea  west,  30 
links,  a  large  hard  maple  tree,  south  2  chains  and  S6  links,  and  a  white  ash  tree  on 
the  north  side  of  said  river,  north  77  degrees  east.  ' 

Which  said  several  lines  from  the  monumeiit  erected  for  the  sonthweet  corner  of 
the  State  of  Vermont  were  eatabliahed  by  aaid  laaf' mentioned  commissioners,  and 
were  ran  by  them,  as  the  magnetic  needle  pointed,  iu  the  year  1^14,  then  down  the 
■aid  Ponltney  River,  throngh  the  deepest  channel  thereof  to  East  Bay ;  then  Ihroagh 
the  middle  of  the  deepest  channel  of  East  Bay  and  the  waters  thereof  to  where  the 
same  commauicate  with  Lake  Cbamplain ;  then  throngh  the  deepest  channel  of  Lake 
Champlain  to  the  eastward  of  the  islands  called  Ibe  Four  Brothers,  and  the  westward 
of  the  islands  called  tbe  Orand  lale  and  Long  lale,  or  the  Two  Heroes,  and  to  the  west- 
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-ward  of  the  Isle  L*  M otte  to  the  line  in  the  45th  degree  of  north  latitude,  established 
by  treaty  for  the  boundary  line  between  the  United  States  and  the  British  Dominions. 
(See  Revised  Statutes  of  New  York,  Banks  dt  Brothers,  sixth  edition.  Vol.  I,  pp. 
123-123.) 

This  line  was  changed  in  1876  by  a  cession  of  a  small  territory  from 
Vermont  to  New  York,  described  as  follows,  viz : 

All  that  portion  of  the  town  of  Fairhaven,  in  the  county  of  Rutland,  and  State  of 
Vermont,  lying  westerly  from  the  middle  of  the  deepest  channel  of  Poultney  River 
as  it  now  runs,  and  between  the  middle  of  the  deepest  channel  of  said  river  and  the 
west  line  of  the  State  of  Vermont  as  at  present  established.  (Ratified  by  Congress 
April  7,  1880.) 


MASSACHUSETTS. 

The  territory  of  Massachusetts  was  included  in  the  first  charter  of 
Virginia,  granted  in  1606,  ( Vide  Virginia  p.,  88)  and  in  the  charter  of 
New  England,  granted  in  1620,  ( Vide  Maine  p.  33.) 

In  1628  the  council  of  Plymouth  made  a  grant  to  the  governor  and 
company  of  Massachusetts  Bay  in  New  England,  which  was  confirmed 
by  the  King,  and  a  charter  was  granted  in  1629,  of  which  the  following 
are  extracts : 

*  •  •  No  wo  Knowe  Yee,  that  Wee  •  •  *  have  given  and  granted  •  •  • 
all  that  Parte  of  Newe  England  in  Amirica  which  lyes  and  extends  betweene  a  great 
River  there  commonlie  called  Monomack  River,  alias  Merrimack  River,  and  a  certen 
other  River  there,  called  Charles  River,  being  in  the  Bottome  of  a  certen  Bay  there, 
comonlie  called  Maesachnsetts  alias  Mattachnsetts,  alias  Massatnsetts  Bay,  and  also 
all  and  singuler  those  Landes  and  Hereditament  whatsoever,  lying  within  the  Space 
of  Three  EnglieheMyleson  the  Soath  Parte  of  the  said  River  caUed  Charles  River,  or 
of  any  or  every  Parte  thereof.  And  also  all  and  singuler  the  Landes  and  Heredita- 
ments wJiatsoever,  lying  and  being  with  the  space  of  Three  Englishe  Miles  to  the 
aouthward  of  the  southermost  Parte  of  the  said  Baye,  called  Massachusetts,  ahas  Matta- 
chnsetts, alias  Massatnsetts  Bay — and  also  all  those  Lands  and  Hereditaments  what- 
soever, which  lye  and  be  within  the  space  of  Three  English  Myles  to  the  Northward 
of  the  saide  River,  called  Monomack,  alias  Merrymack,  or  to  the  Norward  of  any  and 
every  Parte  thereof  and  all  Landes  and  Hereditaments  whatsoever,  lyeing  within  the 
Lymitts  aforesaide,  North  and  South,  in  Latitude  and  Bredth,  and  in  Length  and 
Longitude,  of  and  within  all  the  Bredth  aforesaide,  throughout  the  Mayne  Landes  there 
from  the  Atlantick  and  Westeme- 1^  and  Ocean  on  the  East  Parte,  to  the  South  Sea 
on  the  West  Parte. 

*  *  *  Provided  alwayes,  That  yf  the  said  Landes  *  *  *  were  at  the  tyme  of 
the  grannting  of  the  saide  former  Letters  patents,  dated  the  Third  Day  of  November, 
in  the  Eighteenth  yeare  of  our  said  deare  Fathers  Raigne  aforesaide,  actnallie  possessed 
or  inhabited  by  any  other  Christian  Prince  of  State,  or  were  within  the  Boundes 
Lymitts  or  Territories  of  that  Southern  Colony,  then  before  graunted  by  our  saide 
late  Father  •  •  •  That  then  this  present  Graunt  shall  not  extend  to  any  such 
partes  or  parcells  thereof  •  *  *  but  as  to  those  partes  or  parcells  *  *  *  shal 
be  vtterlie  voyd,  theis  presents  or  any  Thinge  therein  conteyned  to  the  contrario  hoU 
wistanding    •    *    • 

The  charter  of  Sew  England  was  surrendered  to  the  King  in  1635. 
{  Vide  Plymouth  Colony  Laws,  p.  333,) 
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The  charter  of  1629  was  canceled  by  a  judgrment  of  thehiglc^^ 
of  chancery  of  Eoglaud,  Juue  18, 1684.    ( Vide  G.  &  C,  p.  942.) 

In  the  year  1686,  Pemaquid  and  its  dependencies  were  annexed  to  tk 
New  England  government.    {Vide  Maine,  p.  34.) 

In  1691  a  new  charter  was  granted  to  Massachusetts  Bay,  whiehis^ 
eluded  Plymouth  Colony  and  the  Provinces  of  Maine  and  Nova  Scotii. 
The  following  are  extracts  from  this  charter: 

#  •  #  y^^^Q  *  *  *  do  will  and  ordeyne  that  the  Territories  and  Colteuj^ 
Commouly  callod  or  Kuown  by  the  names  of  the  Collony  of  the  Ms^sachnsetts  Baj 
and  Collony  of  New  Plymouih  the  Province  of  Main  the  Territorie  called  Accad»« 
Nova  Scotia  and  all  that  tract  of  Land  lying  betweene  the  said  Territories  of  >>i 
Scotia  and  the  said  Province  of  Main  be  erected  Vnited  and  Incorporated  *  '  ' 
into  one  reall  Province  by  the  Name  of  Our  Province  of  the  Maasachosetts  Bay  in  5?v 
England.    •    •    • 

All  that  parte  of  New  England  in  America  lying  and  extending  &om  the  gT»t« 

River  comonly  called  Monomack  als  Merrimack  on  the  Northpart  and  from  three IGUes 

Northward  of  the  said  River  to  the  Atlantick  or  Western  Sea  or  Ocean  on  the  Sostk 

part  And  all  the  Lands  and  Hereditaments  whatsoever  lying  within  the  limitts  afoff- 

said  and  extending  as  farr  as  the  Outermost  Points  or  Promontories  of  LaD<l  cilM 

'  Cape  Cod  and  Cape  Mallabar  North  and  Sooth  and*  in  Latitade  Breadth  aod  is 

\  Length  and  Longitude  of  and  within    all  the  Breadth    and   Compass  afore§si>i 

'  throughout  the  Main  Land  there  from  the  said  Atlantick  or  Western  Sea  and  Ocei^ 

I  on  the  East  parte  towards  the  South  Sea  or  Westward  as  far  as  Our  ColloDjee  cf 

Rhode  Island  Connecticutt  and  the  Narragansett  Countrey  all  alsoe  all  that  put 

or  porCon  of  Main  Laud  begiunirg  at  the  Entrance  of  Pescataway  Harbour  and  soe 

to  pass  vpp  the  same  into  the  River  Newickewannock  and  throngh  the  same  iste 

the  furthest  head  thereof  and  from  thence  Northwestward  till  One  Hundred  sad 

Twenty  miles  be  feimished  and  from  Piscataway  Harbour  mooth  aforesid  North-Eist- 

ward  along  the  Sea  Coast  to  S<igadehock  and  from  the  Period  of  One  Hundred  ud 

i  Twenty  Miles  aforesaid  to  crosse  over  Land  to  the  One  Hundrt^d  and  Twenty  Miles  be- 

I  fore  reckoned  up  into  the  Land  from  Piscataway  Harbour  through  Newiokawanoock 

\  River  and  alsoe  the  North  halfe  of  the  Isles  and  Shoales  togatber  with  the  Isles  of  Cap- 

\        \  pawock  and  Nantukett  near  Cape  Cod  aforesaid  and  alsoe  [all]  Lands  an<^Heredita- 

ments  lying  and  being  in  the  Countrey  and  Territory  comonly  called  Accadiaor  Nov* 

Scotia  And  all  those  Lands  and  Hereditaments  lying  and  extending  betweene  the  said 

{  Countrey  or  Territory  of  Nova  Scotia  and  the  said  River  of  Sagadahock  or  aoy  part 

thereof  And  all  Lands  Grounds  Places  Soiles  Woods  and  Wood  grounds  Havens  PorU 
Rivers  Waters  and  other  Hereditaments  and  premisses  whatsoever,  lying  within  the 
said  bounds  and  limitts  aforesaid  and  every  part  and  parcell  thereof  and  alsoe  all 
Islands  and  Isletts  lying  within  tenn  Leagues  directly  opposite  to  the  Main  Land 
within  the  said,  bounds.    •    •     • 

(For  an  account  of  the  settlement  of  the  boundary  between  the  Dis- 
trict of  Maine,  formerly  a  part  of  Massachusetts,  see  Maine,  p.  35.) 

\  I  The  present  northern  boundary  of  Massachusetts  was  settled  in  1741. 

(For  history,  see  New  Hampshire,  p.  43.) 

I  I  The  boundary  line  between  Massachusetts  and  Rhode  Island  was  for 

more  than  two  hundred  years  a  question  of  dispute,  and  was,  in  soflno 
respects,  the  most  remarkable  boundary  case  with  which  this  ooontiy 
has  had  to  do.  Twice  the  case  went  to  the  Supreme  Court  of  the  United 
States,  and  in  one  of  these  suits  Daniel  Webster  and  Enfas  Ghoate  weie 
employed  as  counsel  for  Massachusetts. 
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As  early  as  1642  the  line  between  the  two  colonies  was  marked  in 

part  by  Nathaniel  Woodward  and  Solomon  Saffrey,  who  set  up  on  the 

""plain  of  Wi^ntham  a  stake  as  the  commencement  of  the  line  between 

Massachusetts  Bay  and  Bhode  Island.    This  stake  was^by  them  sup- 

""-  posed  to  mark  a  point  3  miles  south  of  the  Charles  Biver. 

The  report  of  these  commissioners  has  not  been  found,  but  frequent 
reference  is  made  to  their  survey  in  the  record  of  the  subsequent  con- 
-'-  troversies  and  litigations. 

^      In  171(M11  commissioners  appointed  from  Massachusetts  and  Bhode 
Island  agreed  upon  the  north  line  of  Bhode  Island.    The  action  of  the 
~  commissioners  was  approved  by  the  legislatures  of  both  colonies. 
The  agreement  was  as  follows,  viz : 

That  the  stake  set  up  by  Nathaniel  Woodward  and  Solomon  Saf&ej,  skUlftil,  ap- 
^proved  artists,  in  the  year  of  oar  Lord  1642,  and  eince  that  often  renewed  in  the  lati- 
tude of  41^  55',  being  3  English  miles  distant  sonthward  ftom  the  sonthemmoet 
part  of  the  river  called  Charles  River,  agreeable  to  the  letters  patent  for  the  Maasa- 
ohnsetts  Province,  be  accounted  and  allowed  on  both  sides  the  commencement  of  the 
line  between  the  Massachusetts  and  the  colony  of  Rhode  Island,  from  which  said  stake 
the  dividing  line  shaU  run,  so  as  it  may  (at  Connecticut  River)  be  2)  mUes  to  the 
southward  of  a  due  west  lini^,  aUowing  the  variation  of  the  compass  to  be  9^ ;  which 
aaid  line  shaU  forever,  &c.    (  Vide  Howard's  Reports,  S.  C,  Vol.  4,  p.  631,  et  seq,) 

In  1719  this  line  was  mn  by  commissioners  appointed  for  the  purpose. 
Subsequent  investigation  has  shown  that  this  line  was  run  in  a  very 
irregular  manner.    ( Vide  B.  I.  Acts,  May,  1867,  page  6,  et  seq.) 

The  line  between  Massachusetts  and  the  eastern  part  of  Bhode  Island 
was  fixed  by  commissioners  in  1741,  from  the  decision  of  whom  the  col- 
ony of  Bhode  Island  appealed  to  the  King,  who,  in  the  year  1746,  affirmed 
their  decision  by  a  royal  decree. 

The  following  is  a  record  of  the  proceedings  in  council,  together  with 
the  royal  decree. 

[Oganoa  OflUse.    Connoll  Segister.    G^o.n,Ko.  8,  p.  204.] 

At  thb  Coubt  at  Kbnsington 

ihe'29ih  day  of  July  174d. 

Present.  The  Kings  Most  Excellent  Majesty,  Arohbp'  of  Cantarbury,  Earl  of  Pem- 
broke, Lord  President  Earl  of  Winohelsea,  Lord  Privy  Seal  Earl  of  Grantham,  Duke 
of  Bolton,  Earl  of  Cholmondelly,  Duke  of  Rutland,  Earl  of  Wilmington,  Marq*  of 
Tweedale,  Earl  of  Bath,  Visco*  Lonsdale,  Mr.  Chancellor  of  the  £zche«'.  Lord  Dela- 
ware, 8r  Charles  Wager,  Lord  Bathurst,  8r.  William  Toange,  Lord  Monsore,  8r  John 
Korris,  Mr  Speaker  Thomas  Winnington  Esq.,  Mr.  Vice  Chamberlin,  George  Wade 
Esq. 

Upon  reading  this  day  at  the  board  the  hnmble  Petetion  and  appeale  of  the  Got- 
emor  and  company  of  the  English  of  Bhode  Island  and  Proyidence  Plantations  in 
New  England  in  America  from  several  particular  parts  of  the  determination  of  the 
commissioners  appointed  by  his  Majesty  to  settle  the  Boundary's  of  the  said  colony 
Eastwards  with  the  Province  of  Massachusetts  Bay,  and  humbly  praying  that  a  day 
mfty  be  appointed  for  hearing  said  appeal,  and  that  the  particular  parts  of  the  said 
commissioners  determination  appealed  from  may  be  reversed,  and  such  other  deter* 
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miiiAtionniade  instead  thereof  as  shall  be  agreeable  to  the  tme  oonstmction  of  tk 
Bonndarys  contained  in  the  Royal  Charter  under  which  the  Petioners  cUiid,  bi 
ordered  by  his  Migesty  in  Council  that  the  said  Petition  and  appeal  (a  copy  wlMMt 
is  hereunto  annexed).  Be  and  it  is  hereby  referred  to  the  Right  Honorable  the  Lai 
of  the  committee  of  council  for  hearing  appeals  from  the  Plantations  to  hear  ihtvm, 
and  report  their  opinion  thereupon  to  his  Mi^esty  at  the  Board. 
A  tme  copy. 

I.  B.  LSNKABD. 

Collated  with  the  original  entry  in  the  Council  Begister,  18  Jan'y,  184& 

ROBT.  LEMOS. 

IGoonoU  OffloA.    Coanca  Register.    0«o.  n,  No.  8  p.  23S.] 

At  the  Court  of  Ksitsingtos, 

the  15<A  daf  o/St^  17ti. 

Present,  The  Kings  most  Excellent  Msjesty  Arohbp  of  Cantnrbnry,  Lord  Ddas 
Lord  Chancellor,  Bir  Vice  Chamberlin,  Duke  of  Richmond,  Mr.  Chancellor  of  the  Ex- 
chequer, Duke  of  Newcastle,  Harry  Pelbam  Esq.  Earl  of  Winchelaea,  Thomsi  Wis- 
nington  Esq  Earl  of  Wilmington  George  Wade  Esq.  Lord  Cartaret. 

Upon  reading  this  day  at  the  Board  the  humble  Petition  and  appeale  of  HiaVir 

Jesty's  Province  of  the  Msssaohusetts  Bay  in  New  England  from  the  determinatiaB 

of  the  commissioners  appointed  by  His  Majesty  to  settle  the  Boundary  of  the  Colaiy 

of  Rhode  Island  Eastwards,  with  the  said  province  of  Massachusetts  Bay  and  faua- 

bly  praying  that  a  day  may  be  appointed  for  hearing  the  said  appeale  and  that  Ae 

determination  of  the  said  commissioners  may  be  reversed,  and  such  other  detenniiS' 

tion  made  instead  thereof  as  shall  be  agreeable  to  the  petioners  claim  exhibM 

before  the  said  commissioners— It  is  ordered  by  his  Majesty  in  council  that  the  Mid 

petition  and  appeale  (a  copy  whereof  is  hereunto  annexed)  Be  and  it  is  hereby  refami 

to  the  Right  Honorable  the  Lords  of  the  committee  in  council  for  hearing  appesb 

from  the  Plantations  to  hear  the  same  and  report  their  opinion  thereupon  to  Bis  Us- 

Jesty  at  the  Board. 

A  true  copy. 

I.  B.  LENNABD. 

Collated  with  the  original  entry  in  the  Council  Registry,  18  of  Jan'y,  184&. 

ROBT.  LEMOK. 

[Ordered  in  Conndl,  dated  28th  ICsy,  1746.    Goundl  offloe.    Coandl  Register.    0«a.  II,  K«l  10,  y^  M 

At  the  Court  of  Kkksikqton, 

the  2ath  day  of  Ma^  174& 

Present  the  Kings  Most  Excellent  Majesty  in  Council. 

Upon  reading  at  the  Board  a  Report  from  the  Right  Honourable  the  Lord  of  the 
committee  of  council  for  hearing  appeals  from  the  Plantations  dated  the  11th  of  De- 
cember 1744  in  the  words  following  vizt. 

Tour  Majesty  having  been  pleased  by  Your  Order  in  council  of  the  29th  of  July  17li 
to  refer  unto  this  committee  the  humble  petition  and  appeale  of  the  Governor  vdH 
company  of  the  English  Colony  of  Rhode  Island  and  Providence  Plantations  in  Kev 
England  in  America,  from  several  particular  parts  of  the  determination  of  the  eon- 
missioners  appointed  by  your  Mi^esty  to  settle  the  Boundarys  of  said  colony  eastwsidi 
with  the  Province  of  Massachusetts  Bay  and  humbly  praying  that  the  partloalar  parts 
of  the  said  commissioners  determination  appealed  from  may  be  reversed,  and  sadi 
other  determinations  made  instead  thereof,  as  shall  be  agreeable  to  the  tmeoonstme- 
tion  of  the  Boundarys  continued  in  the  Royal  Charter  under  which  the  petitioiis 
claim — and  your  Majesty  having  been  also  pleased  by  another  order  in  oouseil  of 
the  15th  of  September  1742,  to  refer  unto  this  committee,  the  humble  Petition  and  ap- 
peal of  your  Mi^esty's  Province  of  the  Massachusetts  Bay  in  New  England  parte  of 
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the  said  determiuationof  the  said  oommissionersy  and  humbly  praying  that  the  same 
may  be  revened  and  set  aside  and  that  instead  thereof  Toor  Mi^esty  will  be  gra- 
ciously pleased  to  give  sach  Judgement  and  determinations  as  shall  be  agreeable  to 
the  petitioners  claim  exhibited  before  the  said  commissioners.  The  Lords  of  the 
committee  in  obedience  to  yonr  Majesty's  said  orders  of  Reference,  have  met  several 
times,  and  taken  both  the  said  Petitions  of  Appeale  into  their  ooosideration,  and  hav- 
ing examined  into  the  Proceedings  of  the  said  conmiissioners,  do  find  that  they  pro- 
nonnoed  their  Judgements  or  determination  on  the  30th  of  June  1741  in  the  words  fol- 
lowing : 

The  court  took  into  consideration,  the  charters,  Deeds  and  other  Evidences,  Claims 
Fleas  and  allegations  produced  and  made  by  party  refering  to  the  controversy  before 
them  and  after  mature  advisement,  came  to  the  following  Besolutions :  That  there 
is  not  any  one  Evidence  proving  thai  the  Water  between  the  Main  Land  on  the  East, 
and  Bhode  Island  on  the  West,  was  ever  at  any  time  called  Karagansett  River, 
that  though  there  be  evidence  that  the  place  where  the  Indian  called  King  Philip 
lived  near  Bristol,  was  called  Pawconoket,  and  that  another  place  near  Swanzey 
was  called  Sowams  or  Sowamsett,  yet  no  evidence  has  been  produced  of  the  extent  of 
the  Pawconoket  country  to  Seaconk,  or  Pawtnoket  River,  as  it  runs  to  the  line  of  the 
late  Colony  of  the  Massachusetts  Bay,  for  tho*  there  be  some  evidence  that  the  In- 
dians at  enmity  with  King  Philip,  or  with  other  Indians  in  enmity  with  him,  lived 
on  the  west  side  of  the  said  River,  and  that  the  Indians  subject  to  King  Philip,  or  in 
amity  with  him,  lived  on  the  East  side  of  the  said  River  there  is  no  Evidence  that 
all  the  Indians  subject  to,  or  in  amity  with  King  Philip,  lived  in  the  Pawconoket 
Country.  That  the  Province  not  having  produced  the  Letters  Patent,  constituting  the 
council  of  Plymouth,  nor  any  copy  thereof,  the  Recital  of  said  Letters  Patent  in  the 
deed  from  the  council  of  Plymouth,  to  Bradford  and  his  associates,  is  not  sufficient 
evidence  against  the  Kings  Charter.  That  the  council  of  Plymouth  being  a  Corpora- 
tion, could  not  create  another  corporation,  and  that  no  Jurisdiction  within  the  Kings 
Dominions  in  America  can  be  held  by  Prescription  or  on  the  Foot  of  Prescription. 
That  the  determination  of  the  boundarys  of  the  colony's  of  Rhode  Island  and  New 
Plymouth  by  the  Kings  Commissioners  in  the  year  1664  appear  to  have  been  only  a  tem- 
X>orary  order  for  preserving  the  Peace  on  the  Borders  of  both  Colonys  without  deter- 
mining the  Rights  and  Titles  of  either.  Upon  the  whole  nothing  appears  whereby  the 
Colony  of  Rhode  Island  and  Providence  plantations  can  be  barred  or  hindered  from  ex- 
tending their  Jurisdiction  Eastward  towards  the  Province  of  the  Massachusetts  Bay 
according  to  the  true  intents  and  meaning  of  their  charter.  But  some  dispute  having 
arisen  between  the  Partys  as  to  the  true  construction  and  meaning  thereof,  the  court 
is  of  opinion,  Thi^the  Narragansett  Bay  is  and  extendeth  itself  from  Point  Judith  in 
the  west  to  Seaconet  Point  on  the  East  and  including  the  Islands  therein,  layeth  and 
extendeth  itself  unto  the  mouth  of  the  River  which  runuith  towards  the  town  of 
Providence  and  that  as  it  so  lies  or  extends,  it  has  and  may  be  considered  as  having 
one  Eastern  Side  at  the  Eastern  coast  of^the  said  Bay  runs  up  northerly  ttom  Seconets 
Point, — and  one  other  North  Eastern  Side  from  near  Mount  Hope  to  Bullocks  Neck, 
as  the  said  Bay  runs  up  North  Westerly  towards  the  Town  of  Providence  and  that 
the  land  adjacent  to  the  said  North  Eastern  and  EastemXIoasts  and  including  within 
the  following  lines  and  the  said  Bay  are  within  the  Jurisdiction  of  the  Colony  of 
Bhode  Island  ;  Yizt  on  the  North  East  side  of  the  said  Bay— one  line  running  from 
the  south  west  comer  of  Bnllocks  Neck,  Northeast  three  Miles.  One  other  line  run- 
ning from  the  Northeast  extremity  of  the  said  line  until  it  be  terminated  by  a  Hoe 
three  miles  Northeast  from  the  northeastemmost  part  of  the  Bay  on  the  west  side  of 
Romstick  Neck,  and  one  other  line  from  the  termination  of  the  west  line  to  the  Bay 
at  or  near  Towoset  Neck,  running  so  that  it  touch  the  North  East  extremity  of  a  line 
running  three  miles  North  East  from  the  North  East  comer  of  Bristol  Harbour,  and 
on  the  Eastern  side  of  the  said  Bay ;  One  line  from  a  certain  point  on  the  Eastern 
side  of  the  said  Bay  opposite  to  the  southernmost  part  of  the  Shawmuts  Neck,  and 
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a  certain  Pointe  (where  a  Meridian  line  paasing  through  Pawtacketo  Falls, 
the  Sonth  Boondary  of  the  Colony  of  MassachoAetia  Bay),  south  to  Fawtoe 
FallBy  Then  southerly  along  the  eastward  side  of  Seaconk  River,  and  tbe  1 
which  rnnnith  towai'ds  the  Town  of  Providence,  to  the  Sooth weat  eomerof  Bolh 
Neck,  then  Northeast  three  miles;  and  then  along  the  aforesaid  lines  mnning  sM 
miles  distance  from  the  Easternmost  parts  of  the  said  Bay  to  the  said  Bay,  al  or 
Towoset  Neck,  llien  as  the  said  Bay  runs  to  the  soutbemmoBt  point  of  Shsvi 
Neck,  and  then  in  a  straight  line  to  the  aforesaid  point  opposite  to  the  said  S 
Then  East  three  miles  and  then  along  the  aforesaid  lines,  ronning  at  three  loilei 
tance  from  the  Easternmost  parts  of  the  said  Bay,  to  the  eea.  All  which  linei  a 
be  run  by  making  the  proper  allowance  for  the  variation  of  the  Magnetic  Keedki 
the  Meridian.  And  for  the  better  understanding  of  the  description  of  the  lines  In 
mentioned ;  the  Court  hath  caused  the  Boundary  lines  of  the  lands  adjacent  U 
said  most  eastern  and  Northeastern  points  of  the  Said  Bay,  to  be  delineated  oa 
Map  or  Plan  of  the  said  Bay  and  countries  a^acent  now  in  conrt,  and  the  bsim 
distinguished  on  the  said  Map  or  Plan,  by  A,  B,  C,  D,  £,  F,  G,  H. 

The  Lord  of  the  Committee  having  considered  the  whole  matter  and  hear« 
partys  concerned  therein  by  their  Council  learned  in  the  Law,  Do  agree  hiunbl 
report  to  your  Majesty  as  their  opinion,  That  the  said  Judgment  or  det«*nniDatio 
the  said  Commissioners  should  be  affirmed,  and  both  the  Petitions  of  Appeal  d 
from  dismissed. 

His  Maiesty  this  day  took  the  said  Report  into  consideration  and  was  pleased  i 
the  advice  of  the  Privy  Council  to  approve  thereof,  and  to  order,  that  the  said  Ji 
ment  or  Determination  of  the  said  Commmissioners,  Be,  and  it  is  hereby  Affirmed 
both  the  said  Petitions  of  Appeal  therefrom  dismissed. 

Whereof  the  Governor  or  the  Commander  in  Chief  of  His  M^esty's  Province  oi 
Massachusetts  Bay,  The  Governor  and  Company  of  the  colony  of  Rhode  Island 
Providence  Plantations  for  the  time  being,  and  all  others  whom  it  may  conoeni 
to  take  notice  and  govern  themselves  accordingly. 

A  true  Copy. 

I  B  LENNAS 

Colated  with  the  Original  entry  in  the  Council  Register,  18  January,  174S. 

HOBT  LEHC 

Under  the  foregoing  decree  the  line  was  ran  by  commissioners 
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from  Fawtacket  Falls  to  the  Boath  boundary  of  the  aforesaid  provlDce  of  the  Masea- 
""'  chusetts  Bay,  in  manner  following,  viz :  From  a  certain  point  on  the  sonthern  side  of 
^^'  Pawtncket  Falls,  where  we  erected  a  monument  of  stones,  with  a  stake  thereon,  we  mn 
a  meridian  line  which  directly  passed  through  said  falls,  to  a  walnut  tree  on  the  north- 
erly side  of  said  falls ;  then  to  a  pitch  pine  tree ;  then  to  a  small  white  oak ;  then  io 
'  -^   a  grey  oak ;  then  to  a  small  bush ;  then  to  another  small  bush  with  stones  about  it; 
^  ^  then  to  a  heap  of  stones  with  a  stake  thereon ;  then  to  a  black  oak  tree ;  then  to  an- 
^   other  black  oak ;  then  to  a  small  pitch  pine ;  then  to  a  black  oak  ;  then  to  a  large 
^-  •   white  oak  near  the  river,  called  Abbot's  Run  ;  then  to  a  poplar  tree ;  then  to  a  heap 
^      of  stones  with  a  stake  thereon ;  then  to  a  large  rock  with  stones  thereon ;  then  to  a 
^    small  black  oak  tree ;   then  to  a  walnut  tree ;  then  to  a  black  oak ;  then  to  divers 
=1    other  marked  trees  in  the  said  course,  to  the  extremity  of  said  line;  and  when  we 
^     came  near  the  termination  of  the  said  line  made  a  monument  of  stones,  there  being 
^z    no  noted  south  boundary  of  the  said  province  near  the  said  Hue,  and  therefore,  for  the 
^     discovery  of  the  south  boundary  of  the  said  province,  upon  the  best  information  we 
could  obtain,  proceeded  to  Wrentham  Plain,  at  or  near  to  a  place  where  was  formerly 
erected  a  stake,  called  Woodward's  and  Saffery's  stake,  as  one  remarkable  south 
boundary  of  the  said  province,  and  from  thence  run  a  west  line,  making  an  allowance 
of  eight  degrees  and  a  half  as  the  west  variation  of  the  magnetic  needle  from  the  true 
meridian,  it  being  the  course  of  the  south  line  of  the  said  province,  according  to  their 
charter  (as  we  apprehended),  and  thei    we  extended  the  said  north  line  from  the 
aforesaid  monument  till  it  intersected  the  said  west  line,  and  upon  the  point  of  ite 
intersection  erected  a  monument  of  stones  with  a  stake  thereon,  as  the  northeast 
boundary  of  that  tract  of  land  commonly  called  the  Gore. 

After  which  we  proceeded  to  Bullock's  Neck,  and  on  the  southeast  comer  thereof 
erected  a  red  cedar  post,  marked  with  the  letters  J.  H.  C.  R.,  with  the  figure  of  an 
anchor  thereon,  and  from  thence  running  #line  northeast  making  the  same  allowance 
for  the  variation  aforesaid,  to  a  black  oak  tree  marked  with  the  letters  G.  C.  C.  R., 
then  to  a  largo  white  oak  marked  with  the  letters  G.  B.  C.  R.,  then  to  a  white  oak 
post,  set  in  the  ground  with  a  heap  of  stones  around  it,  marked  with  the  letters  G.  W. 
C.R.,  with  the  figure  of  an  anchor  thereon,  being  three  miles  distant  from  Bullock's 
Neck  aforesaid. 

After  which  we  proceeded  to  the  northeasternmost  part  of  the  bay  on  the  west  side 
of  Rumstick  Neck,  and  from  a  point  where  a  locust  post  was  erected,  mn  a  line  three 
miles  northeast,  with  the  same  allowance  for  the  variation  and  at  the  extremity  of 
the  said  line  erected  a  monument  of  stones,  from  which  we  mn  a  line  to  the  northeast 
extremity  of  that  line  drawn  from  the  southwest  comer  of  Bullock's  Neck  aforesaid, 
the  course  whereof  being  west  thirty-eight  degrees  north,  according  to  the  magnetic 
needle,  the  distance  of  nine  hundred  and  fifty-five  rods,  marking  trees  and  making 
other  boundaries  in  the  course  of  said  line.  After  which  we  proceeded  to  the  north- 
east comer  of  Bristol  Harbour,  and  from  high-water  mark,  which  was  some  rods  dis- 
tant northeast  from  the  bridge  leading  to  Swanzey  Ferry,  we  ran  a  line  three  miles 
northeast,  still  making  the  same  allowance  for  the  variation,  and  at  the  extremity 
of  which  line  we  erected  a  monument  of  stones ;  then  we  ran  a  line  fh>m  the  north- 
east  extremity  of  the  line  drawn  from  Rumstick  aforesaid,  the  course  whereof  being 
south  twenty-five  degrees  east,  till  it  met  with'the  termination  of  the  line  drawn  fh>m 
Bristol  Harbour  aforesaid,  the  distance  whereof  being  nine  hundred  and  twenty-seven 
rods;  and  from  thence  to  a  straight  line  to  the  bay  at  Towoset  Neck,  making  proper 
boundaries  in  the  course  of  said  line. 

After  which  we. proceeded  to  the  eastern  side  of  the  Narragansett  Bay,  and  on  the 
easternmost  part  of  a  cove  in  the  said  bay,  which  is  southward  of  Nanequachet,  ran  a 
li]V3  three  miles  east  (still  making  the  same  allowance  for  variation),  at  the  extremity 
whereof  we  marked  a  grey  oak  tree  with  the  letters  C.  R.,  with  the  figure  of  an  anchor 
V  .ereon. 
After  which  we  proceeded  to  the  mouth  of  Fall  River,  and  firom  thence  meaaore^ 
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four  hmidred  and  forty  rods  Boatherly  on  the  shore,  as  the  said  shore  extendetliits^ 
from  the  mouth  of  said  Fall  Biver,  and  from  the  point  where  the  said  four  hnodn^ 
And  forty  rods  reached,  heing  east  thirty-five  degrees  soath  of  the  sonthemmoit  poitf 
of  Sbawomet  Neck,  we  ran  a  line  throe  miles  east,  with  the  same  alio wanee  for  the 
variation;  in  the  course  wheret  f  we  marked  divers  trees,  and  came  to  a  large  pood, 
on  the  west  of  which  was  a  small  oak  between  two  large  rocks,  and  from  tbeott 
niosHnred  over  the  said  pond  to  a  bunch  of  maples,  two  whereof  we  marked  with  the 
letters  I  and  F,  standing  on  a  place  called  Ralph's  Neck,  beluga  the  extremity  of  thf 
said  three  miles ;  from  thence  we  ran  a  line  south  twenty  degrees  west,  two  tbooaid 
one  hundred  and  twenty-three  rods  (making  proper  boundaries  in  said  line),  tillve 
met  the  termination  of  the  three-miie  line,  ran  from  the  oove  southward  of  Naoequ- 
cbet  aforesaid. 

After  which  we  proceeded  to  a  place  called  Church's  Cove,  in  said  bay,  andnas 
line  three  miles  east,  making  the  same  allowance  for  the  variation  aforesaid,  sod  it 
the  extremity  whereof,  and  near  the  sea,  we  erected  a  mouument  of  stones,  and  fros 
thence  ran  a  line  north  two  degrees  and  a  quarter  east,  one  thousand  and  nine  hn- 
dred  and  forty-one  rods,  till  it  also  met  the  termination  of  the  said  line,  drawn  from 
the  first  mentioned  cove  as  aforesaid,  making  proper  bonndariea  in  the  course  of  said 
line. 

The  aforegoing  is  a  Just  account  of  our  proceedings,  and  report  the  same  aeooii- 
ingly. 

J.  HONEYliAN,  Jb. 

GEORGE  WANTON. 

GIDEON  CORNELL 

GEORGE  BROWN. 
And  it  is  voted  and  resolyed,  That  the  said  report  be,  and  it  is  hereby,  accepted  by 
this  assembly. 

In  the  year  1748  the  legislature  of  Rhode  Island  appointed  oommii* 
sioners  to  continue  the  line  to  the  Connecticnt  Biver,  recognizing  ^ 
Woodward  and  Saffrey  stake  as  the  place  of  beginning.  MassachosettB 
failed  to  appoint  commissioners,  whereapon  the  Rhode  Island  commis* 
8iouers  proceeded  to  complete  the  mnning  of  the  line.  In  their  report 
they  say — 

That  we  not  being  able  to  find  any  stake  or  other  monument  which  we  could  iit- 
agine  set  up  by  Woodward  and  Saffrey,  but  considering  that  the  place  thereof  wai 
described  in  the  agreement  mentioned  in  our  commission,  by  certain  invariable  mario, 
we  did  proceed  as  folio weth,  namely  :  We  found  a  place  where  Charles  River  fonned 
a  large  current  southerly,  which  place  is  known  to  many  by  the  name  of  Pappataliih 
Pond,  which  we  took  to  be  the  southernmost  part  of  said  river,  from  the  southemmoit 
part  of  which  we  measured  three  English  miles  south,  which  three  English  miles  did 
terminate  upon  a  plain  in  a  township  called  Wrentham.  (See  Howard's  Reports  S.  C, 
vol.  4,  page  632). 

From  this  point  they  ran  the  line.  From  this  time  forward  repeated 
steps  were  taken  by  Rhode  Island  by  resolutions,  and  by  appointment 
of  commissioners  at  different  times  to  ascertain  and  ran  the  line, 
in  connection  with  commissioners  from  Massachusetts;  commissioners 
from  both  colonies  met  more  than  once,  but  they  failed  to  agree  upon  a 
boundary  in  place  of  that  established  under  the  agreements  of  1711-'1S. 
Rhode  Island  alleged  a  mistake  in  her  commis^ners,  in  the  place  of 
beginning  (that  is,  on  Wrentham  Plain),  as  the  ground  of  these  efforts. 

This  controversy,  however,  embraced  the  entire  line  from  the  State  of 
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Connecticut  to  the  Atlantic  Ocean.  Massachusetts  asserted  that  an 
encroachment  had  been  made  on  her  territory  from  Burnt  Swamp  Oomer 
to  the  ocean  by  Bhode  Island,  who,  on  her  part,  claimed  that  the  juris- 
dictional line  of  Massachusetts  from  said  comer  to  the  Connecticut  line 
was,  in  its  whole  extent,  upon  the  territory  of  Bhode  Island.  The  legis- 
latores  of  the  respective  States  having  failed,  after  repeated  effort,  to 
adjust  the  controversy,  Bhode  Island  in  1832,  by  a  bill  in  equity,  brought 
the  subject  of  the  northern  boundary,  from  Burnt  Swamp  Comer  to  the 
/Connecticut  line,  before  the  Supreme  Court  of  the  United  States,  which 
in  1846  decided  that  the  jurisdictional  line  claimed  by  Massachusetts 
was  the  legal  boundary  of  the  two  States  between  these  points. 

While  this  suit  was  pending  an  attempt  was  made  to  settle  the  long 
controversy  by  an  amicable  adjustment  of  the  whole  line  from  Connecti- 
cut to  the  ocean.  Commissioners  were  appointed  by  both  States  in  1844 
to  ascertain  and  mark  the  true  boundary  from  Pawtucket  Falls  to  Bul- 
lock's Neck.  In  1845  the  same  commissioners  were  authorized  to  ascer- 
tain the  line  from  Burnt  Swamp  Corner.to  the  Atlantic  Ocean. 

In  1846,  the  equity  suit  having  been  decided,  they  were  authorized 
<^  to  erect  suitable  monuments  at  the  prominent  angles  of  the  line,  from 
the  Atlantic  Ocean  to  the  northwest  corner  of  Bhode  Island,  and  at  such 
other  points  on  the  line  as  may  subserve  the  public  convenience."  A 
majority  of  said  commissioners  agreed  upon  a  line  and  erected  monu- 
tnents  in  1847. 

The  report  of  the  joint  commission  was  dated  Boston,  January  13^ 
1848. 

The  line  so  agreed  upon  as  a  boundary  between  Burnt  Swamp  Corner 
and  the  northwest  comer  of  Bhode  Island  was  a  straight  line,  varying 
a  little  from  the  irregular  jurisdictional  line  established  by  the  decision 
of  the  Supreme  Court,  and  is  described  in  the  joint  report  of  thezn^jority 
of  the  commissioners  of  January,  1848,  as  follows,  viz : 

Begin  at  the  northwest  corner  of  Rhode  Island,  on  Cbnnecticnt  line,  in  latitude  42^ 
00'  29^'  north,  and  longitude  71^  48'  16''  west  of  Qreenwich,  thence  easterly  in  a  straight 
line  21.512  miles  to  Burnt  Swamp  Comer,  in  Wrentbam,  being  in  latitude  42°  01'  08" 
and  longitude  71©  23'  13". 

Upon  this  line  were  placed  twenty-seven  monuments,  exclusive  of  that 
at  Burnt  Swamp  Corner. 

The  general  assembly  of  Ehode  Island,  in  May,  1847,  ratified  and 
established  the  line  from  the  ocean  to  the  Connecticut  line,  *<  to  take 
effect  and  become  binding  whenever  the  said  agreement  and  boundary 
line  should  be  ratified  by  the  State  of  Massachusetts."  The  legislature 
of  Massachusetts  did  not  ratify  the  said  agreement  and  boundary  lin^ 
but  proposed  another  joint  commission,  which  was  agreed  to. 

The  attempt  made  by  these  commissioners  to  settle  the  line  having 
failed,  Massachusetts  commenced  a  bill  in  equity  before  the  Supreme 
Court  of  the  United  States  for  an  abjudication  of  the  boundary  line  from 
Burnt  Swamp  Comer  to  the  Atlan.^c  Ocean. 
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In  1860  both  States  agreed  upon  a  conveDtional  line^  and  asked  that 
a  decree  of  the  United  States  Supreme  Coart  should  confirm  the  same, 
which  prayer  was  granted,  and  the  line  was  thus  finally  established  by 
a  decree  rendered  in  the  December  term,  1861,  which  is  as  follows,  viz: 

Beginning  at  Burnt  Swamp  Comer  (so  caUed),  in  Wrentham,  in  latitude  4^  01'  08" 
north,  longitude  71^  23'  13''  weet  of  Greenwich,  being  the  northeasterly  oomer  of 
Rhode  Island. 

Thence  in  a  straight  line  to  the  center  of  a  stone  monument  in  the  divisiou  line, 
between  Attleborough  and  Pawt'uoket,  on  the  easterly  bank  of  the  Blackstone  River, 
being  in  latitude  41^  53'  36"  north,  longitude  71^  23'  14"  west. 

Thence  easterly,  by  the  northerly  line  of  the  town  of  Pawtucket,  to  a  point  where 
said  line  intersects  the  highest  water  mark  on  the  easterly  side  of  Farmer's  or  Seven 
Mile  River,  which  point  is  shown  on  accompauying  sheet  marked  **A,**  and  designated 
as  "Bound  No.  1,"  being  in  latitude  41°  53'  54"  north,  longitude  71^  20'  40^'  west. 

Prom  Bound  No.  1  the  line  runs  southerly,  following  the  highest  water  mark  on 
the  easterly  side  of  Farmer's  or  Seven  Mile  River,  as  designated  in  said  sheet  marked 
"A,**  to  its  Junction  vrith  the  highest  water  mark  on  the  southerly  and  easterly  side  oi 
Ten  Mile  River,  at  a  pohit  designated  as  '*  Bound  No.  3." 

From  Bound  No.  3  the  line  runs  southerly,  following  the  highest  water  mark  on  the 
southerly  and  easterly  side  of  said  Ten  Mile  River,  as  shown  on  sheet  marked  ''A,"  to 
a  point  designated  as  "Bound  No.  13/*  said  last  point  being  at  the  most  southerly 
bend  of  Ten  Mile  River  in  said  liuo  of  highest  water  mark. 

The  line  of  **  highest  water  mark "  as  shown  on  sheet  A  is  defined  by  offiaets  at 
right  angles  to  straight  lines  shown  on  said  plan  in  bhie  ink,  from  Bound  No.  1,  and 
passing  through  points  designated  as  bounds  numbered  2  to  13,  inclusive. 

From  Bound  No.  13  the  line  runs  southeasterly,  being  a  straight  line  to  the  oenter 
of  a  stone  pier  in  the  middle  of  Runnings  River,  on  the  north  side  of  the  road  leading 
by  Luther's  store. 

Thence  through  the  cent<er  or  middle  of  said  Runnin's  River  as  the  same  is  at  low 
water  at  a  point  when  such  line  intersects  the  dividing  line  between  Barrington  and 
Seekonk,  being  in  latitude  41°  46'  28",  longitude  71^  19'  23". 

Thence  northeasterly,  following  the  dividing  line  between  Barrington  and  See- 
konk, to  a  point  at  the  northerly  extremity  of  the  dividing  line  between  Barrington 
and  Swanzey,  in  latitude  41<3  36'  34",  longitude  71^  19'  30". 

Thence  in  a  straight  line* southeasterly  to  the  center  of  a  copper  bolt  in  King's 
Rock,  so  called  and  well  known,  near  an  ancient  monument  on  said  King's  Rock,  be- 
ing on  the  west  side  of  the  road  leading  from  Warren  to  Swanzey.  This  i>oint  is  in 
latitude  41°  45'  22".98,  longitude  71°  16'  35".75. 

From  King's  Rock  the  line  follows  the  dividing  line  between  Warren  and  Swansey 
to  Mount  Hope  Bay,  running  in  a  straight  line  southeasterly  to  a  point  on  the  Birch 
Swamp  Farm,  in  latitude  41^  45'  08",  longitude  71<3 15'  58".5. 

Thence  in  a  straight  line  to  Mount  Hope  Bay,  passing  through  the  center  of  a  copper 
bolt  in  a  bowlder,  in  line  of  extreme  high  water  at  Toweset,  to  low-water  line  of  said 
bay.    This  bolt  is  in  latitude  41°  42'  45".27,  longitude  71°  13'  54".70. 

From  Toweset  the  line  runs  southeasterly,  crossing  Mount  Hope  Bay,  to  the  westerly 
end  of  line  dividing  Fall  River  and  Tiverton,  where  the  same  intersects  low-water 
line  of  said  Mount  Hope  Bay. 

Thence  easterly,  following  said  dividing  line  between  Fall  River  and  Tiverton,  pass- 
ing throngh  the  middle  of  a  t4>wn  way  on  the  north  side  of  farm  belonging  to  John 
Chase,  and  through  the  southerly  end  of  Cool's  Pond,  in  a  line  passing  through  the 
middle  of  a  highway,  eight  rods  wide. 

Thence  running  southerly  through  the  center  of  said  eightrrod  highway  to  a  point 
in  line  with  the  stone  wall  on  northerly  side  of  farm  of  Edmund  Estes.  This  wall  is 
easterlv  of  the  St-afford  road  (so  called.) 
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Tlience  raoDinp:  easterly  in  line  with  said  wall  to  a  point  in  line  of  highest  watei 
mark  on  the  westerly  shore  of  South  Watuppa  Pond,  which  point  is  shown  on  accom- 
panying sheet  marked  "B/'and  designated  as  ''Bound  A." 

From  Bound  A  the  line  runs  southerly,  following  the  highest  water  mark  on 
westerly  side  of  South  Watuppa  Pond,  and  of  SawdyPond,  and  of  tbe  streams  con- 
necting said  ponds,  as  shown  on  said  sheet  marked  "  B,''  to  a  point  designated  as 
"Bound  F,''  said  last  point  bein^at  the  most  southerly  end  of  Sawdy  Pond  in  said  line 
of  highest  water  mark. 

The  line  of  ''highest  water  mark"  as  shown  on  sheet  B  is  defined  by  ofiiiets 
at  right  angles  to  straight  lines  from  Bound  A,  and  passing  respectively  through 
X>oint8  designated  "B"  to  "F,"  inclusive,  and  on  the  South  Watuppa  Pond  is  also 
the  line  that  would  be  traced  by  a  level  thirteen  inches  above  a  bolt  in  stone  work 
on  westerly  side  of  wa^rway  in  gate-house  of  reservoir  dam  of  Watuppa  Reservoir 
Company,  Quequeohan  River.  On  Sawdy  Pond  the  highest  water  mark  is  the  lino 
that  would  be  traced  by  the  level  of  an  iron  bolt  driven  in  west  side  of  flume  to  saw- 
mill at  northerly  end  of  said  Sawdy  Pond. 

From  Bound  F  the  line  runs  southeasterly,  being  a  straight  line  to  the  monu- 
ment known  as  "Joe  Sanford's  bound,"  being  the  center  of  a  copper  bolt  in  stone  on 
land  of  Joseph  Tripp,  and  is  in  httitude  41°  35'  37"  longitude  71o  08'  13''. 

From  Joe  Sanford's  bound  the  line  runs  southerly,  following  the  westerly  line  of  the 
town  of  Westport  to  the  Atlantic  Ocean,  passing  easterly  of  Quicksand  Pond  through 
the  center  of  a  boond  known  as  Peaked  Rock,  situated  in  latitude  41^  29^  58",  longi- 
tude 710  07'  34". 

The  first  point  in  this  line  southerly  of  Sanford's  bound  is  on  the  north  side  of  mill- 
dam  at  Adamsville,  85.58  feet  easterly  of  straight  line  from  Sanford's  to  Peaked  Rock. 

The  second  is  113.94  feet  easterly  of  said  straight  line,  and  is  on  the  easterly  side  of 
road  leading  from  Adamsville  to  the  ocean. 

The  third  is  234.48  feet  east  of  said  straight  line,  on  the  road  leading  to  Little  Comp- 
ton,  by  Philip  Simmons'  house. 
-  The  whole  of  the  line  thus  described  is  shown  on  a  plan  herewith  presented,  which, 
with  Sketches  A  and  B,  is  made  a  part  of  this  report  and  attested. 

It  will  be  observed  that  the  above  decree  of  the  United  States  Su- 
preme Court  makes  no  reference  to  the  line  from  Burnt  Swamp  Comer 
to  the  Connecticut  line. 

It  will  also  be  remembered  (vide  p.  55)  that  the  ^<  line  of  1848, "  so 
called,  was  ratified  by  Bhode  Island  and  r^ected  by  Massachusetts. 
In  1865  the  legislature  of  Massachusetts  took  action  in  rep^ard  to  this 
I)ortion  of  the  line,  as  follows,  viz : 

Betolvedf  That  the  boundary  line  between  the  State  of  Bhode  Island  and  the  Com- 
monwealth of  Massachusetts,  from  the  line  of  the  "State  of  Connecticut  to  Burnt 
Swamp  Comer,  begins  at  the  northwest  corner  of  the  State  of  BhoAe  Island  on  the 
Connecticut  line,  in  latitude  42<^  00'  29"  north,  and  longitude  74^  48'  18"  west  of  Green- 
wich,' and  runs  in  a  straight  line  21  add  fiffii  miles  to  Burnt  Swamp  Comer,  in 
V^rentham,  being  in  latitude  429  V  8"  and  longitude  71<^  23'  13". 

This  is  the  line  agreed  upon  by  the  commissioners,  called  the  ''  line 
of  1848,"  ratified  at  the  time  by  Bhode  Island,  but  rejected  by  Massa- 
chusetts. 

The  tardy  ratification  of  the  line  by  Massachusetts  was,  in  its  turn, 

'This  is  a  clerical  error.     <*Lougitude  74^48'  18""  should  read  '<longitude7P  48 
18"."    (  Vide  Borden's  Tables,  p.  64). 

(613) 


I 


t. 

I  ■ 

\ 


68  BOUNDARIES   OP   THE   UNITED    STATES.  [»« 

rejected  by  Bhode  Island,  on  the  groand  that  the  then  recent  settle 
ment  of  the  eastern  boundary  by  the  decree  of  the  Supreme  Court  hii 
so  changed  the  aspect  of  the  controversy  that  she  conid  not  coDaentti 
the.  adoption  of  the  line  of  1848  as  her  northern  boundary. 

Thus  the  northern  bonndary  of  Bhode  Island  was  left  in  abejaofie, 
or  rather  left  in  the  condition  prescribed  by  the  decision  of  1846. 

In  June,  1880,  the  legislature  of  Bhode  Island  passed  a  resolation  to 
remove  the  monuments  of  the  'Mine  of  1848"  and  erect  monuments  oo 
the  jurisdictional  line. 

In  1881  the  legislature  of  Massachusetts  took  like  action. 

This  jurisdictional  line  has  the  same  termini  as  th(^  line  of  1848,  bat 
is  a  very  irregular  line,  sometimes  running  north  of  a  direct  line  and 
sometimes  falling  south  of  it  [the  extreme  variations  being  529^  fleet 
north  of  the  line  of  1848,  and  129  feet  south  of  the  same. J  A  full  and  d& 
tailed  description  may  be  found  in  Bhode  Island  acts,  May,  1867,  p.  6 
et  8eq, 

Also,  vide  Senate  Document  No.  14,  Massachusetts,  1848,  for  a  foil 
account  of  this  controversy. 

In  1713,  commissioners  fh)m  the  Province  of  Massachusetts  Bay  and 
Colony  of  Connecticut  settled  a  line  between  Massachusetts  and  Con- 
necticut. 

By  this  line  certain  northern  frontier  towns  were  given  to  Massachn- 
setts,  viz:  Woodstock,  SufHeld,  Enfield,  and  Somei-s.  In  1749  the  leg- 
islature of  Connecticut  passed  a  resolution  that,  inasmuch  as  the  line 
had  not  been  approved  by  the  King,  and  that  the  two  colonies  had  no 
legal  right  to  transfer  territory  without  the  confirmation  of  the  Crown, 
the  contract  was  void,  and  these  towns  were  again  taken  under  the 
jurisdiction  of  Connecticut.  Massachusetts  appealed  to  the  King,  and 
the  claims  of  Connecticut  were  fully  established.  (See  Hollister's  His- 
tory of  Connecticut,  Vol.  II.) 

In  1791  Massachusetts  and  Connecticut  appointed  commissioners  to 
establish  the  boundary  between  them,  but  they  were  unable  to  agree. 

In  1803  commissioners  were  appointed  to  complete  the  line,  a  com- 
promise having  been  made  concerning  the  line  between  the  town  of 
Southwick  and  the  towns  of  Suffield  and  Oranby  (the  cause  of  the  dis- 
agreement of  the  former  commissioners). 

The  agreement  made  was  as  follows,  viz : 

That  the  line  should  begin  from  a  station  8  rods  south  of  the  southwest  comer  of 
West  Springfield,  and  thence  run  west  to  the  large  ponds,  and  thence  southerly  by 
those  ponds  to  the  ancient  south  line  of  Westfleld,  and  from  thence  on  said  south 
line  to  the  ancient  southwest  comer  of  Westfield;  and  from  thence  northerly  in  the 
ancient  west  line  of  Westfield  to  the  station  in  said  west  line  made  by  oommissiouere 
in  the  year  1714,  and  from  thence  to  the  southwest  comer  of  Granyille.  (See  Mass. 
Special  Laws,  Vol.  Ill,  page  234.) 

In  1803  the  commissioners  surveyed  and  marked  the  bonndaiy  be- 
tween their  respective  States. 
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js'     Their  report,  which  was  adopted,  is  as  follows,  viz : 

2sa  Beginning  »t  the  northeast  corner  of  Snffleld  and  tlie  sontbeast  corner  of  West 
t^y  Springfield,  on  the  west  bank  of  Connecticnt  River,  at  a  point  75  links  northward  of 
the  center  of  a  small  yalley  running  into  said  river,  said  point  being  between  a  small 
bnttemut  tree,  marked  M.  C,  standing  on  the  south,  and  a  small  crooked  white  oak, 
^  marked  M.,  standing  on  the  north,  about  two  feet  distant  from  each  other,  and  then 
^(  run  north  S29  45'  west  1  chain  to  a  stone  monument  erected  by  us  there ;  in  the  same 
course  28  chains  25  links  to  a  stone  monument  on  the  stage  road  firom  Springfield  to 
Snffleld,  and  said  course  continued  would  pass  two  feet  north  of  Smith's  house; 
thence  north  82^  west  82  chains  3  links  to  a  stone  monument  on  the  middle  road  from 
Suffield  to  Springfield;  then  in  the  same  course  13  chains  30  links  to  a  large  black  or 
red  oak  tree,  marked  on  the  east  side  C,  and  on  the  west  side  M.,  being  an  ancient 
bound ;  thence  north  77^  4'  west  134  chains  42  links  to  a  stone  monument  on  the  road 
from  Feeding  Hills  meeting-house  to  Snffleld ;  thence  in  the  same  course  4  chains  21 
links  to  a  pine  stump— an  old  monument ;  thence  north  79°  48'  west  102  chains  80  links 
to  a  stone  monument  on  the  road  from  Weetfield  to  Snffleld,  called  the  back  street ; 
thence  north  81°  30^  west  61  chains  20  links  to  a  stone  monument  at  an  old  stump  and 
stones,  the  ancient  southwest  comer  of  West  Springfield ;  thence  south  5°  west  2 
chains  to  a  stone  monument  in  the  line  run  by  commissioners  in  1714 ;  thence  north 
85°  west  167  chains  33  links  to  a  stone  monument  at  the  middle  pond,  22  links  east  of 
low -water  mark,  being  at  the  center  of  a  little  valley  running  into  said  pond;  thence 
on  the  eastern  shore  of  said  pond,  as  the  same  runs  southerly,  to  a  sluice  way  or  outlet 
firom  said  pond  to  the  south  pond ;  thence  southerly  on  the  east  shore  of  the  south  pond 
as  the  same  runs  to  a  stone  monument  at  high-water  mark  on  the  south  comer  of  said 
pond,  being  the  south  end  of  the  most  southerly  bay  thereof,  from  which  the  point  of 
land  beyond  the  bay  on  the  east  side  of  the  pond  bears  north  29°  east,  and  the  high  point 
beyond  the  bay  on  the  west  side  of  the  pond  is  north  3°  30^  east ;  then  south  10°  20^  west 
24  chains  78  links  to  a  stone  monument  at  the  southeast  comer  of  Southwick,  in  the 
ancient  south  line  of  Westfield,  fh>m  which  the  highest  peak  of  Manatick  Mountain 
bears  south  42°  30^  west;  thence  south87°  30^  west  33  chains  86  links  to  a  heap  of  stones 
in  a  hedge,  being  an  ancient  monument  in  the  south  line  of  Westfield  and  the  north- 
west comer  of  Snffleld,  adjoining  Granby;  thence  in  said  ancient  south  line  of  West- 
field  the  same  course  to  a  stone  monument  at  a  white  oak  stump,  an  old  monument, 
the  southwest  comer  of  Southwick,  being  174  chains  36  links;  thence  north  10^  20' 
east  212  chains  84  links  to  a  stone  monument  erected  by  us,  at  a  place  in  the  ancient 
west  line  of  Westfield,  where  commissioners  in  1714  established  the  monument  called 
the  Crank  monument;  thence  north  82°  17'  west  137  chains  to  a  stone  monument 
erected  by  ns  at  the  east  road  from  Granby  to  Granville ;  in  this  course,  at  the  distance 
of  86  chains  20  links  from  the  Crank  monument,  we  passed  between  two  pillars  of 
stones  45  links  south  of  one  and  13  links  north  of  the  other,  both  said  to  be  the  south- 
east comer  of  Granville ;  thence  on  the  same  course  61  chains  40  links  to  a  stone  mon- 
ument erected  by  us  on  the  Granby  turnpike  road ;  thence  in  the  same  course  44 
chains  to  a  white-oak^  tree,  marked  by  commissioners  in  1717,  and  which  we  marked 
M  on  the  north  side  and  C,  1803,  on  the  south  aide;  thence  north  84°  24'  west  5  chains 
13  links  to  a  stone  monument  erected  by  us  on  the  west  road  from  Granby  to  Gran- 
ville; thence  in  the  same  course  200  chains  37  links  to  a  white  elm  stump  and  stones 
on  the  west  bank  of  Valley  Brook,  so-called,  a  monument,  made  by  commissioners  in 
1717  in  this  course  three  monuntients  are  mentioned  by  said  commissioners,  which  we 
do  not  find ;  thence  north  85°  7'  west  60  chains  15  links  to  a  stone  monument  erected 
by  us  at  a  new  road  near  the  east  bank  of  Hubbard  River;  thence  the  same  course  2 
chains  to  dry  hemlock  tree  with  stones  about  it  on  the  west  side  of  said  river  near  a 
small  fall  and  a  rock  on  the  east  side  of  said  river  stooping  towards  it  more  than  2 

^Oak-tree  boundary  at  Granville,  marked  in  1717. 

(616) 


60  BOUNDARIES   OF   THE   UKITED   STATES.  [biill.  13 

rods  to  a  monument  erected  by  said  former  commissioners;  thence  north  8S^  52'  west 
109  chains  35  links  to  a  stone  monument^  erected  by  ns  on  the  road  from  Granville  to 
Hartland ;  thence  the  same  conrse  275  chains  91  links  to  a  large  heap  of  stones  on  the 
west  bank  of  Slocnm  Brook  between  two  hemlock  trees,  having  many  ancient  and 
modern  marks  thereon,  being  a  monument  made  by  said  former  commissioners;  in  this 
course,  the  commissioners  of  1717  made  mention  of  a  large  hemlock  tree,  and  a  very 
large  white-ash  tree  which  we  do  not  find ;  thence  north  81^  5(y  west  93  chains  74 
links  to  a  stone  monument  erected  by  ns  on  the  Beach-hill  Road,  so-called;  thence 
in  the  same  course  235  chains  to  a  stone  monument  erected  by  ns  at  a  heap  of 
stones  about  an  elm  tree  standing  on  the  west  bank  of  Sandy  Brook,  a  monument 
made  by  said  former  commissioners,  who  mentioned  in  their  report  a  monument  in  this 
course,  which  we  do  not  find ;  thence  north  82°  11'  west  357  chains  30  links  to  a  stone 
monument  erected  by  us  on  the  road  from  Marlborough  to  Norfolk;  thence  same 
course  38  chains  20  links  to  a  monument  made  by  said  former  commissioners  on  the 
west  bank  of  Whiting  River,  near  falls,  being  a  heap  of  flat  stones  on  a  large  rock; 
thence  north  82°  9'  west  219  chains  to  a  stone  monument  at  the  end  of  QreenwQod 
Turnpike  road;  in  this  course  said  former  commissioners  marked  two  trees,  which  we 
do  not  find ;  thence  in  the  same  course  161  chains  75  links  to  a  stone  monument 
at  the  Burrell  Road,  so-called,  leading  from  Canaan  to  Suffleld ;  thence  in  the  same 
course  49  chains  to  an  elm  tree,  with  stones  near  it,  on  the  east  bank  of  Honsatonic 
River,  about  six  rods  west  from  a  chestnut  stump  and  stones,  a  monument  made  by 
said'former  commissioners,  who  also  marked  a  white  oak  tree  in  this  course  which 
\ye  not  find ;  thence  north  82°  52'  west  20  chains  50  links  to  a  stone  monument 
erected  by  us  at  the  road  leading  from  Salisbury  to  Sheffield,  called  Wetany  Road; 
thence  in  the  same  course  119  chains  50  links  to  a  stone  monument  erected  by  us  at 
the  road  from  Salisbury  to  Sheffield,  near  Ebenezer  Fletcher's  house  ;  thence  on  the 
same  conrse  211  chains  35  links  to  a  stone  monument  erected  by  us  at  the  mountain 
road  from  Salisbury  to  Sheffield ;  thence  on  the  same  course  28  chains  4  links  to  a 
monument  established  by  said  former  commissioners  at  the  foot  of  the  mountain, 
being  a  heap  of  stones  on  a  large  rock,  20  links  long  on  the  northeasterly  side,  5  feet 
high  on  the  southerly  side,  and  which  we  marked  1803  on  the  southerly  side ;  thence 
north  85°  SO'  west  147  chains  20  links  to  a  stone  monument  erected  by  us  on  the  road 
from  Salisbury  to  Mount  Washington ;  thence  on  the  same  course  81  chains  80  links 
to  a  large  heap  of  stones,  the  oblong  corner  bounds,  so-called  between  the  State  of 
Connecticut  and  New  York. 

The  courses  of  said  line  as  before  given,  and  here  by  ns  are  according  to  the  present 
state  of  Magnetic  needle,  which  we  observed  to  vary  5°  west  of  north.  (See  Private 
Laws  of  Conn.,  vol.  2,  pages  1540  to  1544.) 

ABSTRACT  OF  REPORT  OF  COBfMISSION  OF  1803  ON  BOXJin>ARY  BETWBBN  MAfiSACHU- 
8BTT8  AND  CONNECTICUT  WEST  OF  THE  CONNECTICUT  RIVER. 

Beginning  at  a  point  on  the  west  bank  of  Connecticut  River,  in  latitude  42°  01' 
52'MO,  longitude  72°  37'  03''.46,  and  running  north  82°  45'  west  22  chains  25  lin^B; 
thence  north  82°  west  95  chains  33  links ;  thence  north  77°  4'  west  198  chains  63 
links;  theuce  north  79°  48'  west  102  chains  80  links;  thence  north  81°  30'  west  61 
chains  20  liuks ;  thence  south  5°  west  2  chains;  thence  north  85°  west  167  chains 33 
links  to  a  stone  monument  at  the  middle  pond,  22  links  east  of  low-water  mark,  lat- 
itude 42°  02'  11",  longitude  72°  45'  45".07;  thence  southerly  along  the  east  shore  of 
said  pond,  and  also  south  pond,  to  a  stone  monument  at  high- water  mark,  at  the  south 
corner  of  said  south  pond ;  thence  south  10°  20'.  west  24  chains  78  links  to  a  stone 
monument  at  southeast  comer  of  South  wick,  which  is  in  latitude  42°  00'  11".98,  Ion- 


^  Boundary  stone  in  west  front  of  Granville. 
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gitnde  ^^  A&  24''.23 ;  thence  Boath  91^  30^  west  208  ohainfl  22  links  to  a  stone  mona- 
ment  at  the  southwest  comer  of  Sonthwiok,  which  is  in  latitude  41^  59^  51''. 89,  lon- 
gitude 72^  49^  25".47 ;  thence  north  10^  20"  east  212  chains  84  links,  to  a  stone  monu- 
ment at  the  northwest  comer  of  the  South  wick  Jog,  which  is  in  latitude  42<^  02' 
12".39,  longitude  'nP  49'  13".51 ;  thence  north  82^  17'  west  242  chains  40  links  to  a 
white  oak  tree,  marked  by  oommissiouers  in  1717,  which  is  in  latitude  42°  02'  15".84, 
longitude  72°  52'  47".74 ;  thence  north  84°  24'  west  205  chains  50  links ;  thence  north 
85° 7'  west  (52  chains  15  links;  thence  north  82<^  52'  west  109  chains  a5  links  to  a 
stone  monument  in  latitude  42°  02'  17".03,  longitude  72°  58'  22".52;  thence  north  82° 
52'  west  275  chains  91  links ;  thence  north  81°  45'  west  70  chains ;  thence  north  81° 
60'  west  328  chains  74  links  to  a  stone  monument,  which  is  in  latitude  42°  02'  31".  11, 
longitude  73°  07'  35".94 ;  <thence  north  82°  11'  west  395  chains  50  links ;  thence  north 
82°  9^  west  430  chains ;  thence  north  82°  52'  west  140  chains  to  a  stone  monument 
on  the  road  from  Salisbury  to  Sheffield,  which  is  in  latitude  42°  02'  5d".ll,  longitude 
73°  22'  r)5".27 ;  thence  north  82°  52'  west  239  chains  39  links ;  thence  north  85°  30' 
west  239  chains  to  the  northwest  comer  of  Connecticut,  which  is  in  latitude  42°  02' 
58  '.54,  longitude  73°  30'  06".66. 

According  to  the  survey  of  the  cession  of  Boston  Corners,  by  Massa- 
chusetts to  New  York,  in  1855,  the  south  boundary  of  MasRacliasetts 
from  the  northwest  comer  of  Connecticut  to  the  southwest  comer  of 
Massachusetts  is  as  follows,  viz :  ' 

A  line  running  north  89o  08'  4''  west,  40  chains,  by  the  true  meridian. 

The  courses  of  the  line  of  1803  are  magnetic,  with  the  variation  asat 
that  date:  i,  «.,  5^  west. 

The  latitudes  and  longitudes  in  the  foregoing  are  taken  from  the 
Borden  Trigonometrical  Survey  of  Massachusetts  of  1843. 

In  1826,  the  line  between  Massachusetts  and  Connecticut  east  of  the 
Connecticut  Biver  was  run  by  commissioners  appointed  from  each  State. 
An  abstract  of  the  commissioners'  report  is  here  given : 

Ab8trcu)t  of  report  of  commissioners  o/1826. — The  commissioners  first 
made  the  following  survey :  Commencing  at  the  northeast  corner  of 
Connecticut,  at  a  large  pile  of  stones  erected  by  commissioners  of  1734 ; 
thence  running  due  west  on  the  latitude  of  42^  3'  north  to  the  west 
line  of  Woodstock,  1 5  miles  169  rods  15  links.  (This  is  hereafter  referred 
to  as  the  <'  first  line  of  latitude.")  Thence  north  3^  west  54  rods  19  links 
to  an  old  pine  tree,  the  reputed  northeast  comer  of  Union ;  thence  due 
west  25  miles  168  rods  to  Connecticut  Biver.  (This  line  is  hereinafter 
referred  to  as  the  ^^  second  line  of  latitude,"  and  the  second  line  of  lati- 
tude is  54  rods  north  of  the  first.)  These  lines  of  latitude  wei*e  compared 
with  the  ancient  survey,  monuments,  evidence,  etc.,  of  the  line  run  by 
the  commissioners  of  1713 ;  the  said  lines  of  latitude  were  found  to  vary 
in  sundry  places  therefrom.  Therefore,  in  order  to  conform  as  near  as 
possible  to  the  line  of  1713,  the  line  was  run  as  follows,  viz : 

Beginning  at  the  northeast  comer  of  Connecticut  and  running  west 
on  '^  first  line  of  latitude"  1,702  rods  and  4  links  to  the  road  to  the  Merino 
road ;  thence  in  a  direct  line  1,372  rods  20  links  to  the  road  leading  from 
Muddy  Brook,  so  called,  by  Fennel  May's  to  Sonthbridge ;  this  point  iis 
21  rods  10  links  north  of  the  *' first  line  of  latitude" ;  thence  in  a  direct 
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line  360  rods  5  links  to  the  l^orwich  and  Woodstock  tampike  (tt.is  point  is 
2^  rods  and  5  links  north  of  ^^ first  line  of  latitude") ;  thence  in  a  direct 
line  954  rods  18  links  to  the  road  leading  from  West  Woodstock  by  Abel 
Mason's  to  SoutUbridge  (this  point  is  10  rods  and  22  links  north  of  ^^ first 
line  of  latitude");  thence  in  a  direct  line  1,247  rods  to  the  road  lead- 
ing from  Union  by  Asher  Bodgen's  to  Holland  (this  point  is  2  rods  14{ 
links  south  of  ^^ second  line  of  latitude") \  thence  in  a  direct  line  1,127 
rods  to  the  turnpike  from  Hertford  through  Stafford  and  Holland  to 
Worcester  (this  point  is  6  rods  23}  links  south  of  the  <^  second  line  of 
latitude  ") ;  thence  in  a  direct  line  467  rods  to  .an  old  white-oak  tree, 
an  ancient  bound,  on  the  road  from  Stafford  by  Eobert  Andmss*  to 
South  Brimfield  (this  point  is  1  rod  2  links  south  of  ^'second  line  of  lati- 
tude*^); thence  in  a  direct  line  of  1,615  rods  to  the  road  leading  from 
Stafford  by  Henry  Cady's  to  Moiison  (this  point  is  16  rods  15  links 
south  of  '^  second  line  of  latitude)";  thence  in  a  direct  line  256  rods  to 
the  Tracy  road  (this  point  is  12  rods  12  links  south  of  ^^  second  line  of 
latitude)";  thence  in  a  direct  line  620  rods  to  the  road  leading  from  Stsif- 
ford  by  Seth  Sheldon's  to  South  Wilbraham  (this  point  is  14  rods  7 
links  south  of  ^^  second  line  of  latitude");  thence  in  a  direct  line  1,066 
rods  to  the  road  from  Somer's  by  Walter  Ainsworth's  to  Springfield 
(this  point  is  4  rods  1  link  rwrth  of  ^^ second  line  of  latitude");  thence 
in  a  direct  line  523  rods  to  the  road  from  Somer's  by  Abel  Peas's  to 
Springfield  (this  point  is  6  rods  12  links  south  of  the  ^'  second  liuO  of 
latitude") ;  thence  due  west^4&  rods  to  the  ancient  line  between  Spring- 
field (now  Long  Meadow)  and  Enfield  ;  thence  south  80^  30^  west  by  the 
true  meridian  645  rods  to  a  monument  at  an  old  oak  stump;  thence 
south  o\P  30^  west  by  the  true  meridian  164  rods  18  links  to  a  monument 
at  an  old  pine  stump ;  thence  dus  west  349  rod$  15  linkti  to  a  monument 
on  the  Connecticut  Eiver  12  rods  from  the  shore;  thence  due  west 
to  Connecticut  Biver.  On  the  line  are  erected  49  monument  stones, 
marked  on  the  north  side  M  and  on  the  south  side  C. 
The  commissioner^  also  surveyed  and  marked  the  line  from  the  the 

corner  of  Connecticut  to  the  corner  of  Bhode  Island,  reporting  aa  fol- 
lows: 

Beginning  at  the  monument  erected  at  the  northeaat  corner  of  said  State  of  Con- 
necticut and  running  in  a  direct  line  to  the  ancient  heap  of  stones  on  the  north  side 
j  of  the  turnpike  leading  from  Hertford  to  Boston   through  Thompson  and  Donglaas, 

I  where  we  erected  a  monument,  and  thence  mnning  in  a  direct  lino  to  the  northwest 

I  comer  of  the  State  of  Rhode  Island. 

(For  survey  of  1826,  see  Private  Laws  of  Conn.,  vol.  2,  pages  1544  to 
1550.) 

The  boundary  between  Massachusetts  and  New  York  at  an  early 
period  became  a  subject  of  bitter  dispute,  New  York  claiming  to  the 
west  bank  of  the  Connecticut  Biver  under  the  charters  of  1664  and  1674 
to  the  Duke  of  York,  Massachusetts  claiming  under  her  old  charters  to 
the  South  Sea.    After  many  fruitless  attempts  at  a  settlement,  an  ar- 
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raDgement  was  entered  into  in  1773  fixing  the  western  boundary  of 
Massachusetts  where  it  meets  New  Ybrk  territory.  The  Eevolution  fol- 
lowing soon  after,  the  line  was  not  run.  In  1785  Congi*ess  appointed 
three  commissioners  to  run  the  line,  who  performed  that  duty  in  1787. 
The  line  was  as  follows,  viz : 

Beginning  at  a  monument  erected  in  1731  by  commiBsioners  from  Conneotiont  and 
Kew  York,  distant  from  the  Hudson  River  20  miles,  and  running  north  15^  I2f  9^',  east 
60  miles  41  chains  and  79  links,  to  a  red  or  black  oak  tree  marked  by  said  commissioners, 
which  said  line  was  ran  as  the  magnetic  needle  pointed  in  1787.  (  Vide  Revised  Stat- 
utes of  New  York,  1875,  p.  122.) 

The  claims  of  Massachusetts  to  western  lands  were  finally  settled 
December  16, 1786,  by  a  joint  commission  of  the  two  States.  By  this 
agreement  Massachusetts  surrendered  the  sovereignty  of  the  whole  dis* 
puted  territory  to  New  York,  and  received  in  return  the  right  of  soil 
and  pre-emption  right  of  Indian  purchase  west  of  the  meridian  passing 
through  the  eighty -second  mile-stone  of  the  Pennsylvania  line,  except- 
ing certain  reservations  upon  Niagara  Biver.  The  title  to  a  tract  known 
as  '^  The  Boston  Ten  Towns,"  lying  east  of  this  meridiau,  previously 
granted  by  Massachusetts,  was  also  confirmed.  ( Vide  Hough's  N.  Y. 
Gaz.,  1872,  pp.  25,  26.) 

April  19, 1785,  Massachusetts  executed  a  deed  to  the  United  States. 
It  included  all  title  of  the  State  of  Massachusetts  to  territory  west  of 
the  present  western  boundary  of  New  York. 

In  1820  Maine,  hitherto  a  part  of  Massachusetts,  was  admitted  into 
the  Union  as  an  independent  State. 

In  1853  a  small  portion  of  territory  in  the  southwestern  comer  of 
Massachusetts,  known  as  Boston  Oomer,  was  ceded  to  New  York,  and 
the  cession  confirmed  by  Congress  in  1855. 

The  cession  of  Boston  Corner  to  New  York  changes  the  boundary,  so 
that  it  is  now  as  follows,  viz : 

Beginning  at  a  monument  erected  in  1731  by  commissioners  from  Con- 
necticut and  New  York  (known  as  the  Connecticut  monument),  stand- 
ing in  the  south  boundary  of  Massachusetts,  latitude  42^  02'  58^^54, 
longitude  73^  30"  06'^66,  which  is  the  northwest  corner  of  the  State  of 
Connecticut;  thence  along  the  south  boundary  of  Massachusetts,  north 
890  08'  41"  west,  40  chains;  thence  north  12o  57'  16"  west  207.49» 
chains  to  a  marble  post  marked  on  the  east  side  M.  S.,  on  the  west  side 
N.  Y.,  and  on  the  south  sideTl853,  which  is  in  the  line  run  by  United 
States  commissioners  in  1787 ;  thence  north  15^  12'  9"  east  on  the  line 
run  by  said  United  States  commissioners  (^47  miles  73.70^  chains)  to 
a  red  or  black  oak  tree  marked  by  said  United  States  commission- 
ers, in  the  south  boundary  of  the  State  of  Vermont,  latitude  42^  44' 

*This  distance  has  been  obtained  by  subtracting  the  length  of  the  west  line  of  Bos- 
ton Comer  given  in  survey  of  1853  from  the  entire  length  of  west  boundary  of  Massif 
chnsetts  as  given  by  the  United  States  commissioners  in  1787. 

(519) 


64 


» BOUNDARIES   OF   THE   UNITED   STATES. 


[BULL.1S 


46''.68,  longitude  73°  16'  17''.68.  [See  Kevised  Statates  of  New  York, 
1875,  page  122 ;  also  plat  of  survey  of  Boston  Gorner  in  1853,  a  copy  of 
which  is  on  file  in  office  of  clerk  of  House  of  Bepresentatives  at  Wash- 
ington, D.  G. ;  also,  for  latitudes  and  longitudes,  see  tables  of  Borden's 
Survey  of  Massachusetts,  1843.] 


Latitude  and  longitude  of  certain  points  on  the  boundary  line  of  Massachueetta.     (Fimn  Bor* 

den*8  liigonometrical  Survey,  1HA3. ) 


:  I 


Statee. 

Stations. 

Latitude. 

Longitiide. 

Vflrmont  and  Manfift- 

Northwest  oomer •■ 

42  44  45.68 
42  44  ia48 

o     1       m 
73  16  17.63 

ohiuetts. 

Bowe  and  Whitingham  Station  in  Vermont  line 

72  53  07.96 

Leyden  and  Gailford  Station  in  Vermont  line . . . 

42  48  65. 78 

72  88  4&S7 

Kew  Hampshire  and 

Warwick  (N.  H.)  State  line  station 

42  43  22. 01 

72  I9SSl3I 

MaaaaohnBette. 

Watitick  State  line  station  in  ▲shbnmham 
(Mass.). 

42  42  41. 56 

71  64  1&84 

PonpereU  (K.  H.)  State  line  station 

42  42  13. 29 

71  35  33.02 

Pine  Tree  bonndary,  State  line  at  Dracnt  (Mass. ) . 

42  41  50.78 

7119  40.59 

Poplar  Hill  State  line  bonndary,  New  Hampshire 
line  at  Methnen. 

42  44  12.09 

71  15  38L72 

Avres  Hill  State  line  bonndary  at  Haverlull, 

AlABS. 

42  48  23.38 

7104  1L68 

• 

Brandy  Brow  Hill,  State  line  comers  of  Haver- 
hill and  Amesbnry,  Mass. 
Salisbury  Marsh  Station 

42  SO  00. 61 

7103  34.17 

42  52  19. 32 

70  40  82. 11 

Conneotiont  and  Ifas- 

'Southwest  comer  of  Massachusetts 

42  02  59. 54 

V  ^^     ^^^     VMM  AA 

73  31  4Z  66 

aaohnaetta. 

Connecticut  line  bound  at  Mount  WashinG:ton  .. 

42  02  58. 54 

73  30  06L06 

Boundary  stone  in  Connecticut  line  on  road  from 
Sheffield  to  Salisbury. 

42  02  68. 11 

73  22  55l27 

Boundary  stone  in  Connecticut  line  on  road  from 
Sandisfield  to  Colebrook. 

42  02  31.  U 

73  07  3S.M 

- 

Boundary  stone  in  Granville,  in  west  part  of 

town. 
Oak  tree  boundary  In  Connecticnt  State  line  at 

42  02  17. 03 

73  56  22.62 

42  02  15.84 

72  52  47.44 

- 

Granville,  marked  in  1717. 

Boundary  stone  at  northwest  comer  of  South- 
wick  Jog. 

42  02  12. 89 

73  49  18.61 

Boundary  stone  at  southwest  corner  of  South- 
wick  Jog. 

41  59  5L  89 

72  I9  2&47 

Boundary  stone  at  southeast  oomer  of  South- 
wick  Jog. 

42  00  IL  98 

72  46  3123 

Boundary  stone  at  northeast  oomer  of  South- 
wick  Jog. 

42  02  IL  00 

72  46  45. 07 

Boundary  stone  in  Connecticut  line  on  west  side 

42  01  52.10 

72  37  03.46 

of  Connecticnt  River. 

Bonndary  stone  in  Connecticut  line  on  east  side 

42  01  28. 74 

73  36  36.31 

of  Connecticut  River. 

Rattlesnake  Mountain  in  Connecticut  line  at 

42  01  60. 66 

72  24  49186 

Wilbraham. 

Hi^2)JU>cky  Ridge,  Conneoticnfrline,  in  Monson. 
Iffffnunp  line  station  in  Monson 

42  01  56.09 

72  21  07.26 

42  01  53. 92 
42  01  25. 21 

72  16  39.28 

Northeast  oomer  of  Connecticut  at  Douglas  . . . 

■  mm     A^0     ■nr*  i^v 

7148  23.06 

Bhode  Island  and  Maa- 

Northwest  comer  of  Rhode  IsLand  at  Douglas  . . 
Burnt  Swamp  comer,  northeast  comer  of  Khodo 

42  00  29.48 

71  48  18.07 

•adhnsetts. 

42  01  08. 00 

71  23  13.36 

Island. 

Munroe's  Station,  Rhode  Island  State  line  at 

4146  34.54 

71  19  2198 

Seekook. 

Kings  Rock  Station,  Rhode  Island  SUte  line  at 
Warren. 

41  45  22.98 

71  16  3&76 

Toweset  Neck  Station,  in  Rhode  Island,  State 

41  42  45. 27 

7113  64.10 

line  at  Swanzey* 

Joe  Sandford*8  Station,  Rhode  Tnlftnd  State  line 

41  85  37.66 

7106  13.73 

at  Tiverton. 

Quicksand  Pond.  State  line  boundary  stone  in 

4129  68.64 

•7107  3138 

Rhode  Island  line  at  Westport. 

These  positions  require  a  correction  of  from  15"  to  20"  in  order  to  make  them  confbnn  to  modsni 
determinationa  of  position. 

'This  oomer  was  changed  by  the  cession  of  Boston  Corner  by  Massachusetts  to  Kew  York  in  186& 
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^  BHODE   ISLAND. 

The  present  State  of  Bhode  Island  was  settled  by  Boger  Williams 
and  other  immigrants,  who  left  Massachusetts  Bay  and  established 
fihemselves  at  Providence,  in  1636. 

In  1643  a  patent  was  granted  for  the  Providence  Plantation,  from 
which  the  following  are  extracts,  viz: 

•  •«•••• 

And  wheras  there  is  a  tract  of  land  in  the  continent  of  America  aforesaid,  called  by 
the  name  of  the  Karraganset  Bay,  bordering  northward  and  northeast  on  the  patent  of 
the  Massachusetts,  east  and  southeast  on  Plymouth  patent,  south  on  the  ocean,  and  on 
the  west  and  northwest  by  thelndiaos  called  Nariggannencks,  alias  Nairagansets,  the 
whole  tract  extending  about  25  English  miles  unto  the  Pequot  Elver  and  country ;  and 
wheras  divers  English  inhabitants  of  the  towns  of  Providence,  Portsmouth,  and 
Newport,  in  the  tract  aforesaid,  •  •  •  have  represented  their  desire,  *  *  *  we 
*  *  *  do  *  *  *  givo>  grai^t,  and  confirm  to  the  aforesaid  inhabitants  of  the 
towns  of  Providence,  Portsmouth,  and  Newport  a  firm  and  absolute  charter  of  incor- 
IK>ration,  to  be  known  by  the  name  of  the  incorporation  of  Providence  Plantations,  in 
the  Narraganset  Bay,  in  New  England.    •    •    * 

In  1663  Gharles  II  granted  a  charter  to  Shode  Island  and  Providence 
Plantations,  of  which  the  following  is  an  extract : 

*  *  *  "All  that  parte  of  our  dominiones  in  New-England,  in  America,  conteyneiog 
the  Nahantick  and  Narragansett  Bay,  and  countryes  and  partes  adjacent,  bounded  on 
the  west,  or  westerly,  to  the  middle  or  channel  of  a  river  there,  commonly  called  and 
known  by  the  name  of  Pawcatuck,  alias  Pawcawtuck  river,  and  soe  along  the  sayd 
river,  as  the  greater  or  middle  streame  thereof  reaoheth  or  lyes  upp  into  the  north 
conntrye,  northward,  unto  the  head  thereof,  and  fit>m  thence,  by  a  streight  lyne 
drawn  due  north  untill  itt  meets  with  the  south  lyne  of  the  Massachusetts  CoUony ; 
and  on  the  north,  or  northerly,  by  the  aft)resayd  south  or  southerly  lyne  of  the  Massa- 
chusetts CoUony  or  Plantation,  and  extending  towards  the  east,  or  eastwardly,  three 
English  miles  to  the  east  and  north-east  of  the  most  eastern  and  north-eastern  parts 
of  the  aforesayd  Narragansett  Bay,  as  the  sayd  bay  lyeth  or  extendeth  itself  from  the 
ocean  on  the  south,  or  southwardly,  unto  the  mouth  of  the  river  which  runneth  to- 
wards the  towne  of  Providence,  and  firom  thence  along  the  eastwardly  side  or  banke 
of  the  sayd  river  (higher  called  by  the  name  of  Seacunck  river),  up  to  the  ffalls  called 
Patuckett  ffalls,  being  the  most  weetwardly  lyne  of  Plymouth  Collony,  and  soe  fit>m 
the  sayd  ffalls,  in  a  streight  lyne,  due  north,  untill  itt  meet  with  the  aforesayd  line 
of  the  Massachusetts  Collony ;  and  bounded  on  the  south  by  the  ocean.?  And  in  par- 
ticular, the  lands  belonging  to  the  townes  of  Providence,  Pawtnxet,  Worwicke,  Nus- 
quammack,  alias  Pawcatuck,  and  the  rest  upon  the  main  land  in  the  tract  aforesayd 
together  with  Rhode  Island,  Blocke  Island,  and  all  the  rest  of  the  islands  and  banks 
in  the  Narragansett  Bay  and  bordering  upon  the  coast  of  the  tracts  aforesaid  (Ffish- 
ers  Island  only  excepted).    *    •    * 

(For  history  of  the  northern  and  eastern  boundaries  see  Massa- 
chusetts, p.  48.) 

In  1703  substantially  the  present  western  boundary  was  settled  by 
an  agreement  made  between  the  commissioners  from  the  two  colonies 
of  Bhode  Island  and  Connecticut^  viz:  "A  straight  line  from  the  mouth 
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of  Asfaawoga  Biver  to  the  southwest  comer  of  the  Warwick  purchase, 
and  thence  a  straight  north  line  to  Massachusetts. 

The  line  of  1703  was  actually  run  by  Bhode  Island,  and  is  still  known 
as  the  Dexter  and  Hopkins  line. 

The  two  colonies  disagreeing,  Bhode  Island  api>ealed  to  the  King, 
and  the  agreement  of  1703  was  finally  established  in  1726. 

In  September,  1728,  commissioners  from  the  two  colonies  met  and 
ran  the  line. 

(For  agreement  of  1703  and  1728,  decisions  of  English  council,  etc., 
see  B.  I.  Hist.  Soc.  OoU.,  Vol.  III.) 

In  1839  commissioners  were  appointed  by  Bhode  Island  and  Connecti- 
cat  to  survey  and  ascertain  the  line  and  erect  monuments. 

The  following  line  was  established,  viz: 

Beginning  at  a  rock  near  the  mouth  of  Ashawoga  Eiver,  where  it  empties  into 
Pawcatuck  Eivery  and  from  said  rock  a  straight  conrse  northerly  to  an  ancient  stone 
heap  at  the  southeast  comer  of  the  town  of  Yoluntown,  and  from  said  rock  sontherly 
in  the  same  course  with  the  aforesaid  line,  until  it  strikes  Pawcatuck  River.  From 
the  southeast  comer  of  Yoluntown  a  straight  line  to  a  stone  heap  at  the  southwest 
comer  of  West  Greenwich;  from  thence  a  straight  line  to  the  southwest  comer  of  the 
ancient  town  of  Warwick,  and  which  is  now  a  comer  of  the  towns  of  Coventry  and 
West  Greenwich;  from  thence  a  straight  line  to  the  northwest  comer  of  the  town  of 
Coventry ;  thence  a  straight  line  to  the  northeast  comer  of  Sterling ;  thence  a  straight 
line  to  the  southwest  comer  of  Burrillville,  and  thence  a  straight  line  to  a  stone  heap 
upon  a  hill  in  the  present  jurisdictional  line  between  the  States  of  Massachusetts 
and  Ehode  Island,  and  at  all  of  said  comers,  excepting  said  Warwick  comer,  we 
have  erected  monuments  of  stone,  marked  K.  I.  and  C,  and  have  also  placed  similar 
monuments  on  all  the  principal  roads  crossing  the  line,  and  at  other  suitable  places. 
•  •••••  • 

And  we  have  caused  the  ancient  monument  which  was  erected  at  the  Warwick  cor- 
ner in  Novemberi  1742,  to  be  reset  and  a  large  heap  of  stones  to  be  made  around  iL 
Said  monument  is  marked  with  the  letter  C.  on  one  side,  and  on  the  other  BHODE. 
ISLAND  and  the  traces  of  other  letters  and  figures.  [Extract  from  Commisaion- 
ei's  Report.    See  B.  I.  Acts  and  Besolves,  Jan.  1846,  pages  12, 13,  14.] 

The  above  was  ratified  in  1846. 


CONNECTICUT. 

The  title  by  which  the  people  of  Connecticut  held  the  country  was 
fonnded  on  the  old  patent  granted  by  Robert,  Earl  of  Warwick,  in 
1631,  to  Lord  Say  and  Seal,  Lord  Brook,  Sir  Richard  Saltonstall,  and 
others,  associated  under  the  name  of  the  Plymouth  Company. 

In  1630  the  Plymouth  Council  made  a  grant  of  Connecticut  to  the 
Earl  of  Warwick,  their  president.  This  was  confirmed  by  King  Charles 
in  1631,  and  on  the  19th  of  March,  in  the  same  year,  the  Earl  conveyed 
his  title  to  the  Plymouth  Company,  as  before  stated.  (Dwightfs  Coxax^ 
p.  19,  et  seq,) 
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A  charter  was  granted  by  Charles  II  to  Connecticut  in  1662,  of  which 
the  following  is  an  extract,  viz : 

•  •••••• 

We  *  *  *  do  give,  grant  and  confirm  unto  the  said  Governor  and  Company,  and 
their  successors,  all  that  part  of  our  Dominions  in  New  England  in  America  bounded 
on  the  east  by  Narraganset  River,  commonly  called  Narraganset  Bay,  where  the  said 
river  falleth  into  the  sea,  and  on  the  north  by  the  line  of  the  Massachusetts  planta- 
tion ;  and  on  the  south  by  the  sea  ;  and  longitude  as  the  line  of  the  Massacbusetto 
Colony,  running  from  east  to  west,  that  is  to  say,  from  the  said  Narragansett  Bay  on 

the  east,  to  the  south  sea  on  the  west  part,  with  the  islands  thereunto  adjoining.    *    * 

*  «•  •  •  •  «¥  « 

[C.  and  C.  p.  256-7.] 

Previoas  to  this  time  the  two  colonies  of  Connecticat  and  New  Haven 
had  continaed  separate,  but  under  this  charter  they  were  united  and 
the  charter  was  accepted  April  20, 1665.    (C.  and  C,  p.  252.) 

The  Duke  of  York  having  been  granted  a  charter  in  1664,  by  which 
the  lands  west  of  the  Conuecticnt  Elver  were  embraced  in  his  jurisdic- 
tion, the  question  of  boundary  immediately  arose. 

About  this  time  Col.  Bichard  Nichols,  George  Cartwright,  esq.,  Sir 
Robert  Carr,  and  Samuel  Maverick,  esq.,  had  been  appointed  commis- 
sioners b^'  the  King,  and  clothed  with  extraordinary  powers,  to  determine 
all  controversies  in  the  colonies.  The  matter  was  referred  to  them,  who, 
after  a  full  hearing,  determined  that  the  southern  boundary  of  Connect- 
icut was  the  sea  (Long  Island  Sound),  and  its  western,  Mamaroneck 
Biver,  and  a  line  drawn  north- northwest  from  the  head  of  salt  water  in 
it  to  Massachusetts.  The  territory  i^uth  and  west  of  these  lines  was 
declared  to  belong  to  the  Duke  of  York.  {Vide  D wight's  Connecticut, 
pp.  159  et  seq.) 

This  decision,  in  effect,  decided  upon  a  line  20  miles  east  of  the  Hud- 
son Biver  as  the  boundary,  having  for  a  starting  point  a  place  on  Ma- 
maroneck Biver. 

In  1674  the  Duke  of  York  received  a  new  charter  in  substantially  the 
same  terms  as  that  of  1664.  New  controversies  concerning  jurisdiction 
led  to  a  new  agreement,  by  which  it  was  stipulated  that  a  tract  of  land 
on  Long  Island  Sound,  the  bounds  of  which  were  described  as  con- 
taining 61,440  acres,  should  be  permanently  set  off  to  Connecticut  by 
New  York  on  condition  that  the  former,  in  exchange,  should  set  off  to 
New  York  a  territory  of  like  extent  and  of  uniform  width  from  the  tract 
on  the  Sound  to  the  south  line  of  Massachusetts.  This  agreement  was 
sanctioned  by  a  royal  ordinance  of  the  King,  and  in  1634  the  tract  on 
the  Sound  was  surveyed  and  set  off  to  Connecticut. 

The  western  boundary  of  Connecticut  was  run  in  1686  by  Major 
Gould,  Mr.  Barr,  and  Mr.  Selleck,  and  ratified  by  both  parties.  ( Vide 
Dwight's  Connecticut,  p.  199.) 

For  various  reasons  the  survey  of  the  equivalent  lands  was  not  made 
at  that  time. 

In  1725  commissioners  were  appointed  on  both  sides  to  fix  the  line, 

(523) 


68  BOUNDABIES   OF  THE   UNITED   STATE&  (buu.!!. 

this  being  the  fifth  set  appointed  for  the  same  purpose,  none  of  which 
had  been  able  to  come  to  an  agreement. 

The  commissioners  of  1725,  however,  entered  into  articles  of  agree- 
ment settling  the  manner  of  the  survey.  They,  however,  ran  only  the 
line  bounding  the  tract  on  Long  Island  Sound. 

For  some  cause  action  was  then  suspended  until  1731,  when  the  com- 
missioners of  1725  surveyed  and  set  off  the  oblong  or  equivalent  terri- 
tory to  New  York,  defining  and  marking  its  boundary,  which  was  to 
remain  forever  the  dividing  line  between  the  respective  States  (then 
colonies).  The  line  was  substantially  as  at  present,  and  is  as  follows, 
»  viz: 

Beginning  at  Lyon's  Point,  in  tbe  month  of  a  brook  or  river  called  Byram's 
River,  "where  it  Malls  into  Long  Island  Sonnd,  and  running  thence  up  along  said 

I  river  to  a  rock  at  the  ancient  road  or  "wading-place  in  said  river,  which  rock  bears 

north  twelve  degrees  and  forty-five  minutes  east,  five  hundred  and  fifty  rods  from 

|;>  said  point ;  then  north  twenty-three  degrees  and  forty-five  roiuntes  west,  two  thou- 

sand two  hundred  and  ninety-two  rods;  then  east-northeast,  thirteen  miles  and  sixty- 
four  rods,  which  lines  were  established  in  the  year  one  thousand  seven  hu&dred  and 
twenty-five,  by  Francis  Harrison,  Cadwaller  Golden,  and  Isaac  Hicks,  commissioners 
on  the  part  of  the  then  province  of  New  York,  and  Jonathan  Law,  Samuel  Eells, 
Roger  Walcott,  ^John  Copp,  and  Edmund  Lewis,  commissioners  on  the  part  of  the 
then  colony  of  Connecticut,  and  were  run  as  the  magnetic  nceflle  then  pointed;  then 
along  an  east-northeast  continuation  of  the  last-mentioned  course,  one  mile,  three- 
quarters  of  a  mile,  and  twenty-one  rods,  to  a  monument  erected  in  the  year  one 
thousand  seven  hundred  and  thirty-one  by  Cadwaller  Golden,  Gilbert  Willett,  Vin- 
cent Matthews,  and  Jacobus  Bruyn,  Jr.,  commissioners  on  the  part  of  said  province, 
I  and  Samuel  Eells,  Roger  Walcott,  and  Bdmund  Lewis,  commissioners  on  the  part  of 

said  colony,  which  said  monument  is  at  the  southeast  comer  of  a  tract  known  and 
\  distinguished  as  the  oblong  or  equivalent  lands ;  then  north  twenty-four  degrees  and 

thirty  minutes  west,  until  intersected  by  a  line  run  by  said  last-mentioued  commis- 
sioners, on  a  course  south  twelve  degrees  and  thirty  minutes  west,  from  a  monument 
erected  by  them  in  the  south  bounds  of  Massachusetts,  which  monument  stands  in  a 
valley  in  theTaghkanick  Mountains,  one  hundred  and  twenty -one  rods  eastward  from 
a  heap  of  stones  in  said  bounds,  on  the  top  or  rid^e  of  the  most  westerly  of  said 
mountains ;  then  north  twelve  degrees  and  thirty  minutes  east  from  a  monument 
erected  by  said  last-mentioned  commissioners  at  said  place  of  intersection,  and  stand- 
]  ing  on  the  north  side  of  a  hill,  southeasterly  from  the  easternmost  end  of  the  long 

pond,  along  the  aforesaid  line  to  the  aforesaid  monument  erected  in  the  south  bounds 
of  Massachusetts — being  the  northeast  comer  of  the  oblong.  (Stee  Revised  Statutes 
of  N.  Y.,  1881,  Vol.  I,  pages  128-9.) 

For  more  than  a  century  no  controversy  arose,  but  subsequent  to  1850 
questions  of  jurisdiction  were  raised,  and  in  1855  Gounecticut  made  a 
proposition  for  a  new  survey.  Several  sets  of  commissioners  were 
appointed,  but  no  agreement  beiug  reached,  finally,  in  1860,  pursuant 
to  an  act  of  the  legislature  of  Kew  York,  the  line  was  run  by  the  New 
York  commissioners,  Connecticut  not  being  represented. 

The  first  section  of  the  act  of  the  New  York  legislature  is  as  follows, 
viz: 

1.  The  commissioners  appointed  by  the  governor  to  ascertain  the  boundary  line  be- 
tween the  States  of  New  York  and  Connecticut  are  hereby  empowered  and  directed 
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to  snrvey  and  mark,  with  suitable  monnmeDts,  the  saii  line  between  the  two  States 
aa  fixed  by  the  evrvey  of  1731. 

The  following  is  an  abstract  of  the  engineer's  report  of  the  line  ran 
under  direction  of  the  commissioners  from  New  York,  the  Gonuecticat 
commissioners  declining  to  be  present  or  assist,  viz: 

Beginning  at  the  northwe>t  corner  of  Connecticat,  at  the  monament 
erected  by  the  commissioners  of  ^ e w  York  nnd  Connecticut  in  3  731,  lati- 
tude 420  02'  58".54,  longitude  73©  30'  0G''.G6;  thence  south  lio  20^  west, 
404  chains,  to  the  ^47th  mile  mcnuinent;  thence  south  12^  34'  west,  2^9 
chains,  57  links,  to  the  44th  mile  monument  point;  thence  south  11^^33' 
west,  100  chains  99  links,  to  the  42d  mile  monument;  thence  south  13^ 
lO'  west,  101  chains  24  links,  to  the  40th  mile  monument  point ;  thence 
south  12P  2V  west,  398  chains  21  links,  to  the  35th  mile  monument; 
thence  south  12^  32'  west,  158  chains  90  links,  to  the  33d  mile  monu- 
ment; thence  south  11^  44'  west,  243  chains  37  links,  to  the  30th  mile 
monument ;  thence  south  12^  27'  west,  101  chains  32  links,  to  the  28th 
mile  monument ;  thence  south  10^  50'  west,  100  chains,  to  the  20th  mile 
monument  point ;  thence  south  11^  39'  west,  320  chains  11  links,  to  the  22d 
mile  monument ;  thence  south  12^  18'  west,  103  chains  17  links,  to  the 
20th  mile  monument ;  thence  south  11^  49'  west,  159  chains  9  links,  to 
the  18th  mile  monument;  thence  south  12^  19'  west,  157 chains  15 links, 
to  the  10th  mile  monument;  thence  south  10^  11'  west,  101  chains 
7  links  to  the  14th  mile  monument ;  thence  south  10^  51'  west,  313  chains 
41  links,  to  the  10th  mile  monument  point;  thence  south  12^  24'  west, 
155  chains  71  links,  to  the  8th  mile  monument ;  thence  south  10^  19^  west, 
159  chains  28  links,  to  the  0th  mile  monument  point ;  thence  south  12^ 
10'  west,  104  chains  42  links,  to  the  4th  mile  monument;  thence  south 
Xio  44/  west,  158  chains  99  links,  to  the  2-mile  monument;  thence  south 
lAP  10'  west,  109  chains  41  links,  to  the  Eidgefield  angle  monument;' 
thence  south  25^  8'  east,  213  chains  39  links,  to  the  4th  mile  monument 
on  the  east  line  of  the  oblong  between  the  Wilton  and  Bidgefleld  angles; 
thence  south  24^  48'  east,  157  chains  03  links,  to  the  2-mile  monument; 
thence  south  24^  14'  east,  107  chains  28  links,  to  the  Wilton  angle  mon* 
ument,  or  southeast  corner  of  the  oblong  as  set  oft'  by  the  commission- 
ers of  1731 ;  thence  south  07°  45'  west,  138  chains  70  links,  to  the  south- 
west comer  of  the  oblong,  and  being  where  the  survey  of  1725  termi- 
nated ;  thence  south  05o  44'  west,  90  chains  87  links,  to  a  point  consid- 
ered the  original  12th  mile  monument  point ;  thence  south  00°  60'  west, 
241  chains  93  links,  to  a  point  called  the  9th  mile  monument;  thence 
south  000  45'  west,  319  chains  12  links,  to  the  5th  mile  monument  point ; 
tlience  south  OGo  25'  west,  398  chains  40  links,  to  the  angle  at  the  Duke's 

-    'The  mile  monnments  referred  to  are  thoBe^  at  that  time  reraainingy  which  were 
eetablished  by  the  Connecticut  and  New  York  commissioners  of  1731. 

*The  entire  distance  from  the  Massachusetts  line  to  Bidgefield  angle  is  52  miles  35 
rods,  a  difference  of  only  5  rods  from  the  survey  of  1731. 
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Trees ;  thence  south  23^  38^  east,  172  chains  93  links,  to  a  point  which  ia 
west-southwest  and  distant  32  rods  from  the  chimney  in  the  old  Glapp 
house ;  thence  south  24P  2V  east,  224  chains  78  links,  to  a  point  opposite 
the  old  William  Anderson  house ;  thence  south  24^  19'  east^  173  chains  7 
links,  to  the  great  stone  at  the  ancient  wading  lilace  on  Byrom  Biver; 
thence  south  17^  45'  west,  12  chains  60  links,  to  a  rock  in  the  river  which 
;  can  be  seen  at  low  tide,  in  which  there  is  a  bolt ;  thence  south  27^  west, 

55  chains  19  links ;  thence  south  7^  20'  east,  13  chains  45  links ;  thence 
south  120  10'  east,  16  chains  13  links  ]  thence  south  2P  40'  east,  9  chains 
4  links ;  thence  south  28^  25'  east,  9  chains  54  links;  thence  south  18^  40' 
east,  4chains  77  links;  thence  south  11^55'  west,  6  chains33  links ;  thence 
south  58^  10'  west,  to  where.it  falls  into  the  sound.  (See  report  of  the 
commissioners  to  ascertain  and  settle  the  boundary  line  between  the 
States  of  New  York  and  Connecticut,  February  8, 1861,  in  which  will 
also  be  found  a  complete  account  of  this  controversy.) 

The  latitude  and  longitude  of  the  northwest  comer  of  Connecticut 
are  taken  from  Borden's  Trigonometrical  Survey  of  Massachusetts. 
i  In  1880  commissioners  were  appointed  by  Connecticut  and  New  York. 

Their  report  was  ratified  in  1880. 

These  commissioners  reported  as  follows,  viz : 

We  agree  that  the  boandary  on  the  land  conBtitnting  the  western  boundary  of  Con- 
necticut and  the  eastern  boandary  of  New  York  shall  be  and  is  as  the  same  was  de- 
fined by  njonnments  erected  by  commissioners  appointed  by  the  State  of  New  York, 
and  completed  in  the  year  1860,  the  said  boandary  line  extending  from  Byram  Point, 
formerly  called  Lyon's  Point,  on  the  south,  to  the  line  of  the  State  of  Massachusetts 
on  the  north. 
And  we  further  agree  that  the  boundary  on  the  sound  shall  be  and  is  as  follows: 
Beginning  at  a  point  in  the  center  of  the  channel,  about  600  feet  south  of  the  ex- 
treme rocks  of  Byram  Point,  marked  No.  0,  on  appended  United  States  Coast  Survey 
chart ;  thence  running  in  a  true  southeast  course  3^  statute  miles ;  tbence  in  a  straight 
line  (the  arc  of  a  great  circle)  northeasterly  to  a  point  4  statute  miles  due  south  of 
\  Now  London  Light-House ;  thence  northeasterly  to  a  x>oiut  marked  No.  1,  on  the  annexed 

United  States  Coast  Survey  chart  of  Fisher's  Island  Sound,  which  point  is  on  the 
longitude  east  three-quarters  north,  sailing  course  down  on  said  map,  and  is  about 
1,000  feet  northerly  from  the  Hommock  or  North  t)nmpling  Light-House ;  thence  fol- 
lowing said  east  three-fourths  north  sailing  course  as  laid  down  on  said  map,  easterly  to 
a  point  marked  No.  2  on  said  map ;  thence  southeasterly  to  a  point  marked  No.  3  on 
said  map ;  so  far  as  said  States  are  coterminous.  (See  Revised  Statutes  of  New  York, 
1881,Vol.,  I,  pagel36.) 

The  above  agreement  concerning  these  boundaries  between  Connec- 
ticut and  New  York  was  confirmed  by  the  Congress  of  the  United  States 
on  February  26,  1881.    (See  Revised  Statutes  of  United  States,  1881.) 

(For  the  history  and  present  location  of  the  eastern  boundary  of  Con- 
necticut, vide  Massachusetts,  p.  55,  and  llhode  Island,  p.  65.  For  the 
northern  boundary,  vide  Massachusetts,  p.  68.) 

Under  the  charter  of  16G2  Connecticut  claimed  a  large  western  ter- 
ritory. Subsequent  to  the  Revolution,  however,  in  1786, 1792, 1795,  and 
1800,  she  relinquished  all  title  to  any  land  west  of  her  present  boundary. 
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.  NEW  YORK. 

The  territory  included  in  the  present  State  of  Kew  York  was  em* 
braced  in  the  French  and  English  grants  of  1603  and  1606.  The  Dutch, 
however,  in  1613  established  trading  posts  on  the  Hudson  Biver  and 
claimed  jurisdiction  over  the  territory  between  the  Gonnecticut  and  Del- 
aware Bivers,  which  they  called  New  Netherlands.  The  government 
was  vested  in  '<  The  United  New  Netherland  Company,"  chartered  in 
1616,  and  then  in  <<  The  Dutch  West  India  Company ,"  chartered  in  1621. 

In  1664  King  Charles  II  of  England  granted  to  his  brother,  the  Duke 
of  York,  a  large  territory  in  America,  Tfhich  included,  with  other  lands, 
all  that  tract  lying  between  the  west  bank  of  the  Connecticut  Biver 
aud  the  east  bank  of  the  Delaware.  The  Duke  of  York  had  previously 
purchased,  in  1663,  the  grant  of  Long  Island  and  other  islands  on  the 
New  England  coast,  made  in  1635  to  the  Earl  of  Stirling,  and  in  1664, 
with  an  armed  fleet,  he  took  possession  of  New  Amsterdam,  which  was 
thenceforth  called  New  York.  This  conquest  was  confirmed  by  the 
treaty  of  Breda,  in  1667. 

The  following  is  an  extract  from  the  grant  of  1664  to  the  Duke  of 
York: 

All  that  parte  of  the  maine  land  of  New  England  beginning  at  a  certaine  place 
called  or  known'e  by  the  name  of  St.  Croix  next  a^oyning  to  New  Scotland  in  Amer- 
ica and  from  thence  extending  along  the  sea  coast  nnto  a  certain  place  called  Petma- 
qaine  or  Pemaqnid  and  so  np  the  River  thereof  to  the  farther  head  of  ye  same  aa  it 
tendeth  northwards  and  extending  from  thence  to  the  River  Kinebequi  and  so  up- 
wards by  the  shortest  course  to  the  River  Canada  northward  and  also  all  that  Island 
or  Islands  commonly  called  by  the  severall  name  or  names  of  Matowacks  or  Long 
Island  scituate  lying  and  being  towards  the  west  of  Cape  Codd  and  ye  narrow  Hig- 
ansetts  abatting  upon  the  maine  land  between  the  two  Rivers  there  called  or  knowne 
by  the  severall  names  of  Conecticutt  and  Hudsons  River  togatber  also  with  the  said 
river  of  Hudsons  River  and  all  the  land  from  the  west  side  of  Conecticutt  to  ye  east 
side  of  Delaware  Bay  and  also  all  those  severall  Islands  called,  or  knowne  by  the 
names  of  Martiu's  Vinyard  and  Nantukes  otherwise  Nantuckett  togather  with  all  ye 
lands  islands  soyles  harbours  mines  minerals  quarryes  woods  marshes  waters  lakes 
ffishings  hawking  hunting  and  ffowling  and  aU  other  royaUtyes  proffitts  commodi- 
tyes  and  hereditaments  to  the  said  severale  island  lands  and  premisses  belonging  and 
appertaining  with  theire  and  every  of  theire  appurtenances  and  all  our  estate  right 
title  interest  benefitt  advantage  claime  and  demand  of  in  or  to  the  said  lands  and 
premises  or  any  part  or  parcell  thereof  and  the  revercon  and  revercons  remainder  and 
remainders  togather  with  the  yearly  and  other  ye  rents  revenues  and  proffitts  of  all 
and  singular  the  said  premisses  and  of  every  part  and  parcell  thereof  to  have  and  to 
hold  all  and  singular  the  said  lands  islands  hereditaments  and  premisses  with  their 
and  every  of  their  appurtenances. 

In  July,  1673,  the  Dutch  recaptured  New  York  and  held  it  until  it 
was  restored  to  the  English  by  the  treaty  of  Westminster,  in  February, 
1674. 

The  Duke  of  York  thereupon,  to  perfect  his  title,  obtained  a  new 
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grant,  in  Bnbstantially  the  same  terms  as  that  of  1664  (C.  and  C,  p. 
1328),  of  which  the  following  is  an  extract,  viz: 

All  that  part  of  the  malo  land  of  New  England,  beginning  at  a.  certain  place 
called  or  known  by  the  name  of  Saint  Croix  nexe  adjoining  to  New  Scotland  iu 
America,  and  from  thence  extending  along  the  sea-coast  into  a  certain  place  called 
Petuaquim  or  Pemqnid,  and  so  np  the  river  thereof  to  the  furthest  head  of  the  same 
as  it  windeth  northward  and  extending  from  the  river  of  Kiuebequ  and  so  upwards 
by  the  shortest  course  to  the  river  Canada  northwards ;  and  all  that  island  or  id- 
ands  commonly  called  by  the  several  name  or  names  of  Matowacks  or  Long  T^lftftdt, 
situate  and  being  toward  the  west  of  Cape  Cod  and  the  narrow  HiganHuts  abutting 
upon  the  main  land  between  the  two  rivers  there  called  or  known  by  the  several 
names  of  Connecticut  and  Hudson  Rivers,  together  also  with  the  said  river  called 
Hudson's  River,  and  all  the  lands  from  the  west  side  of  Connecticut  River  to  the  east 
side  of  Delaware  Bay ;  and  also  all  those  several  islands  called  or  known  by  the 
names  of  Martin  Vinyard  and  Nantukes,  otherwise  Nantuckett. 

•  ••«••  • 

By  these  grants  to  the  Dnke  of  York  and  th^  conqneet  of  the  Dntch 
possessions  in  America,  it  will  be  seen  that  New  York  originally  had  a 
claim  to  a  mnch  larger  territory  than  is  now  included  in  her  limits.  The 
successive  changes  in  her  extent  may  be  sketched  as  follows,  viz: 

In  1664  the  Duke  of  York  sold  the  present  State  of  New  Jersey  to 
Lord  John  Berkelej^  and  Sir  George  Carteret. 

In  1682  the  Duke  of  York  sold  to  William  Penn  his  title  to  Delaware 
\  and  the  country  on  the  west  bank  of  the  Delaware,  which  had  been 

originally  settled  by  the  Swedes,  then  conquered  by  the  Dutch,  and 
which  had  by  them  been  surrendered  to  the  Duke  of  York. 
I  I  In  1686  Pemaquid  and  its  dependencies  were  annexed  to  the  New 

\  !  England  government  by  a  royal  order,  the  Duke  of  York  having  ao- 

t  I  ceded  to  the  throne  of  England. 

]  \  By  the  charter  of  1691  to  Massachusetts  Bay,  all  claim  to  any  part 

of  Maine  was  extinguished,  and  the  islands  of  Nantucket,  Martha's 
Vineyard,  and  others  adjacent  (hitherto  known  as  Duke's  County, 
i  I  New  York),  were  annexed  to  Massachusetts  Bay. 

The  territory  west  of  the  Connecticut  Eiver  to  within  about  20  miles 
of  the  Hudson  Eiver,  now  forming  portion  of  Massachusetts  and  Con- 
necticut, were,  by  agreements  and  concessions  made  at  various  periods, 
surrendered  to  those  States  respectively. 

In  1781  New  York  released  to  the  General  Government  all  the  lands 
to  which  she  had  claim  west  of  a  meridian  extending  through  the  west 
extremity  of  Lake  Ontario,  and  in  1790  she  gave  up  all  claim  to  the 
present  State  of  Vermont  and  consented  to  her  independence. 

By  these  successive  reductions  New  York  was  left  with  substantially 
her  present  boundaries. 

(For  the  history  and  settlement  of  the  easteni  boundary  of  New  York, 
ffide  Vermont,  Massachusetts,  and  Connecticut,  ante  pp.  46,  62,  and  67.) 

The  northern  boundary  was  settled  by  the  treaty  of  i>eace  in  1783 
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and  by  the  oomroission  under  the  sixth  article  of  the  treaty  of  Ghent 
{Vide  pp.  10  and  12.) 

The  boundary  between  New  York  and  New  Jersey  was  plainly  stated 
in  the  grant  by  the  Duke  of  Yoi  k  to  Berkeley  and  Carteret.  ( Vide  New 
Jersey,  p.  76.) 

In  ]719  attempts  were  made  to  have  the  line  run  and  marked,  but 
nothing  seems  to  have  been  done  to  settle  the  matter  permanently  tUI 
1769,  when  commissioners  were  appointed  by  the  King,  who  fixed  on 
substantially  the  present  line.     ( Vide  R.  S.  N.  J.,  1821,  pp.  29-34.) 

In  1772  this  line  was  confirmed  by  the  legislatures  of  both  colonies, 
and  commissioners  were  appointed  to  survey  and  mark  the  same. 

This  line  was  as  follows,  viz : 

A  direct  and  straight  line  from  the  fork  or  branch  formed  by  the  junction  of  the 
Btream  or  waters  called  the  Machackamack  with  the  river  Delaware  or  Fishkill,  in 
the  latitade  of  41^  21'  37'',  to  a  rock  on  the  west  side  of  the  Hudson  River,  marked  by 
the  said  surveyors  in  the  latitude  of  4P — said  rock  was  ordered  to  be  marked — with 
the  following  words  and  figures,  viz:  '* Latitude  41°  north;''  and  on  the  south  side 
thereof  "New  Jersey";  and  on  the  north  side  thereof  "New  York";  also,  to  mark 
every  tree  that  stood  on  the  line  with  ^vo  notches  and  a  blaze  on  the  northwest  and 
southeast  sides  thereof,  and  to  put  up  stone  monnments,  at  1  mile  distance  from  each 
other,  along  the  said  line,  and  to  number  such  monuments  with  the  number  of  miles ; 
the  same  shall  be  from  the  bef  ore-mentioned  marked  rock  on  the  west  side  of  Hudson's 
River,  and  mark  the  words  "New  Jersey"  on  the  south  side,  and  the  words  "New 
Y6rk"  on  the  north  side,  of  every  of  the  said  monuments.  ^  (See  R.  S.of  N.  J.,  1821, 
pp.  2»-34.) 

The  above  was  confirmed  by  the  king  in  council  September  1, 1773. 

In  the  year  1833  commissioners  were  appointed  by  New  York  and 
New  Jersey  for  the  settlement  of  the  territorial  limits  and  jurisdiction 
of  the  two  States. 

In  the  following  year  the  commissioners  made  the  following  agree- 
ment, which  was  ratified  by  each  State  and  confirmed  by  Congress,  viz : 

VSVtVD  STATES    STATUTES  AT  LARGE.     TWENTY-THIRD  CONGRESS,  SESSION  I.      1834. 

AN  ACT  giving  the  consent  of  Congrem  to  an  agreement  or  compact  entered  Into  between  the  State 
of  New  York  and  the  State  of  New  Jersey,  respecting  the  territorlaJ  limits  and  Jnritdiotion  of  said 
States. 

Article  first.  The  bonndary  line  between  the  two  States  of  New  York  and  New 
Jersey,  from  a  point  in  the  middle  of  Hndson  River,  opposite  the  point  on  the  west 
shore  thereof,  in  the  forty-first  degree  of  north  latitude,  as  heretofore  ascertained,  and 
marked,  to  the  main  sea,  shall  be  the  middle  of  the  said  river,  of  the  bay  of  New 
York,  of  the  waters  between  Staten  Island  and  New  Jersey  and  of  Raritan  Bay,  to  the 
main  sea ;  except  as  hereinafter  otherwise  particularly  mentioned. 

Article  second.  The  State  of  New  York  shall  retain  its  present  Jurisdiction  of 
and  over  Bedloe's  and  Ellis's  Islands,  and  shall  also  retain  exclusive  Jurisdiction  of 
and  over  the  other  islands  lying  in  the  waters  above  mentioned  and  now  under  the 
Jurisdiction  of  that  State. 

Article  third.  The  State  of  New  York  shall  have  and  enjoy  exclusive  jurisdiction 
of  and  over  all  the  waters  of  Hudson  River  lying  west  of  Manhattan  Island  and  to  the 
Bonth  of  the  mouth  of  Spny  tenduy vel  Creek ;  and  of  .ind  over  the  lands  covered  by  the 
said  waten  to  the  low- water  mark  on  the  westerly  or  New  Jersey  side  thereof;  snb- 
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Ject  to  the  following  rights  of  property  and  of  Jorisdiction  of  the  State  of  New  Jer- 
sey, that  18  to  say : 

1.  The  State  of  New  Jersey  shall  have  the  exdasive  right  of  property  in  and  to  the 
land  nnder  water  lying  west  of  the  middle  of  the  bar  of  New  York,  and  west  of  the 
middle  of  that  part  of  the  Hudson  River  which  lies  between  Manhattan  Island  and 
New  Jersey. 

2.  The  State  of  New  Jersey  shall  have  the  ezclasive  Jorisdiction  of  and  over  the 
wharves,  docks,  and  improvements  made  and  to  be  made  on  the  shore  of  the  said 
State ;  and  of  and  over  all  vessels  aground  on  said  shore,  or  fastened  to  any  snch 
wharf  or  dock,  except  that  the  said  vessels  shall  be  subject  to  the  quarantine  or  health 
laws,  and  laws  in  relation  to  passengers,  of  the  State  of  New  York,  which  now  exist 
or  which  may  hereafter  be  passed. 

3.  The  State  of  New  Jersey  shall  have  the  exclusive  right  of  regulating  the  fisheries 
on  (he  westerly  side  of  the  middle  of  said  waters:  Providedf  That  the  navigation  be 
not  obstructed  or  hindered. 

Articub  fourth.  The  State  of  New  York  shall  have  exclusive  jurisdiction  of  and 
over  the  waters  of  the  Kill  Voo  Eull  between  Staten  Island  and  New  Jersey  to  the 
westernmost  end  off  Shorter's  Island  in  respect  to  such  quarantine  laws,  and  laws 
relating  to  passengers,  as  now  exist  or  may  hereafter  be  passed  under  the  authority  of 
that  State,  and  for  executing  the  same;  and  the  said  State  shall  also  have  exclusive 
jurisdiction,  for  the  like  purposes,  of  and  over  the  waters  of  the  sound  from  the  west- 
ormost  end  of  Shorter's  Islimd  to  Woodbrldge  Creek,  as  to  all  vessels  bound  to  any 
X>ort  in  the  said  State  of  New  York. 

Article  futh.  The  State  of  New  Jersey  shall  have  and  enjoy  exclusive  jurisdio- 
tion  of  and.  over  all  the  waters  of  the  sound  between  Staten  Island  and  New  Jersey 
lying  south  of  Woodbridge  Creek,  and  of  and  over  all  the  waters  of  Raritan  Bay  lying 
westward  of  a  line  drawn  from  the  light-house  at  Prince's  Bay  to  the  mouth  of  Mat- 
tavan  Creek ;  subject  to  the  following  rights  of  property  and  of  jurisdiction  of  the 
State  of'-New  York,  that  is  to  say : 

1.  The  State  of  New  York  shall  have  the  exclusive  right  of  property  in  and  to  the 
land  under  water  lying  between  the  middle  of  the  said  waters  and  Staten  Island. 

2.  The  State  of  New  York  shall  have  the  exclusive  jurisdiction  of  and  over  the 
wharves,  docks,  and  improvements  made  and  to  be  made  on  the  shore  of  Staten  Isl- 
and, and  of  and  over  all  vessels  aground  on  said  shore,  or  fastened  to  any  snch  wharf  or 
dock ;  except  that  the  said  vessels  shall  be  subject  to  the  quarantine  of  health  laws, 
and  laws  in  relation  to  passengers  of  the  State  of  New  Jersey  which  now  exist  or 
which  may  hereafter  be  passed. 

3.  The  State  of  New  York  shall  have  the  exclusive  right  of  regulating  the  fisheries 
between  the  shore  of  Staten  Island  and  the  middle  of  said  Waters :  Pramded,  That 
the  navigation  of  the  said  waters  be  not  obstructed  or  hindered. 

•  •  »  •  •  •  « 

111  1876  commissioners  were  appointed  to  re-locate  the  land  boundary 
between  New  York  and  New  Jersey,  and  replace  monuments  that  may 
have  become  dilapidated  or  removed,  or  to  erect  new  ones,  etc,  ( Vide 
Eev.  of  N.  J.,  1877.) 

The  above  commissioners  found  in  some  cases  a  slight  discrepancy 
between  the  original  marks  and  the  verbal  description  thereof,  and  the 
legislatures  of  each  State  ordered  that  the  original  monuments  should 
be  considered  the  true  boundary.  (See  acts  of  New  York,  1880,  and 
acts  of  New  Jersey,  1881.) 

In  the  year  1774  commissioners  were  appointed  by  New  York  and 
Pennsylvania  to  fix  the  beginning  of  the  43d  degree  of  north  latitude 
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on  the  Mohawk  or  western  branch  of  Delaware  Biver,  which  is  the 
northeast  corner  of  Pennsylvania,  and  to  proceed  westward  and  fix  the 
line  between  Pennsylvania  and  New  York. 

These  commissioners  reported  in  December  of  the  same  year  that 
they  fixed  the  said  northeast  comer  of  Pennsylvania,  and  marked  it  aa 
follows,  viz : 

On  a  small  island  in  the  said  river  tbey  planted  a  stone  marked  with  the  letters 
and  figures,  New  York,  1774,  cat  on  the  north  side  thereof;  and  the  letters  and  fig- 
ures, latitude  42^  yariation  4^  20',  cut  on  the  top  thereof;  and  in  a  direction  duo 
west  from  thence  on  the  west  side  of  the  said  branch  of  Delaware,  collected  and 
placed  a  heap  of  stones  at  the  water  mark ;  and  proceeding  further  west  four  perches, 
planted  another  stone  in  the  said  line  marked  with  the  letters  and  figures,  Pennsyl- 
vania, 1774,  cut  on  the  south  side  thereof,  and  the  letters  and  fignres,  latitude  Aii9 
variation  4^  90',  cut  on  the  top  thereof,  and  at  the  distance  of  eighteen  perches  doe 
west  from  the  last-mentioned  stone  marked  an  ash  tree.  The  rigor  of  the  season  pre- 
vented them  running  the  line  farther. 

Nothing  further  seems  to  have  been  done  until  1786-*7,  when  com- 
missioners were  appointed  to  finish  the  work  thus  begun  {see  Gary  & 
Biorden's  Laws  of  Pennsylvania,  Vol.  UI,  page  392),  and  the  lines  were 
run  and  monuments  erected.  The  line  was  ratified  in  1789,  and  is  as 
follows,  viz  : 

Beginning  at  a  point  in  Lake  Erie,  where  the  houndary  line  between  the  United  States 
and  Great  Britain  is  intersected  by  a  meridian  line  drawn  through  the  most  westerly 
ben^'  or  inclination  of  Lake  Ontario ;  then  south  along  said  meridian  line  to  a  monument 
in  the  beginning  of  the  forty-third  degree  of  north  latitude,  erected  in  the  year  one 
thousand  seven  hundred  and  eighty-seven,  by  Abraham  Herdeubergh  and  William 
W,  Moms,  commissioners  on  the  part  of  this  State,  and  Andrew  Ellicott  and  Andrew 
Porter,  commissioners  on  the  part  of  the  State  of  Pennsylvania,  for  the  purpose  of  mark- 
ing the  termination  of  the  line  of  jurisdiction  between  this  State  and  the  said  St^te 
of  Pennsylvania ;  then  east  along  the  line  established  and  marked  by  said  last-men- 
tioned commissioners  to  the  ninetieth  mile-stone  in  the  same  parallel  of  latitude, 
erected  in  the  year  one  thousand  seven  hundred  and  eighty-six,  by  James  Clinton 
and  Simeon  DeWitt,  commissioners  on  the  part  of  this  State,  and  Andrew  Ellicott, 
commissioner  on  the  part  of  Pennsylvania ;  which  said  ninetieth  mile-stone  stands 
on  the  western  side  of  the  south  branch  of  the  Tioga  River;  then  east  along  the 
line  established  and  marked  by  said  last-mentioned  commissioners,  to  a  stone  erected 
in  the  year  one  thousand  seven  hundred  and  seventy-four,  on  a  small  island  in  the 
Delaware  River,  by  Samuel  Holland  and  David  Rittenhonse.  commissioners  •n  the  part 
of  the  colonies  of  Pennsylvania  and  New  York,  for  the  purpose  of  marking  the  begin- 
ning of  the  forty-third  degree  of  north  latitude;  then  down  along  said  Delaware  River 
to  a  point  opposite  to  the  fork  or  branch  formed  by  the  Junction  of  the  stream  called 
Mahackamack  with  the  said  Delaware  River,  in  the  latitude  of  forty-one  degrees, 
twenty-one  minutes  and  thirty -seven  seconds  -north ;  then  in  a  straight  line  to  tho 
termination  on  the  east  bank  of  the  Delaware  River  of  a  line  run  in  the  year  one 
thousand  seven  hundred  and  seventy-four,  by  William  Wickham  and  Samuel  Qale, 
commissioners  on  the  part  of  the  then  colony  of  New  York,  and  John  Stevens  and 
Walter  Rutherford,  commissioners  on  the  part  of  the  then  colony  of  New  Jersey. 
{See  Revised  Statutes  of  New  York,  1881.) 

The  meridian  line  forming  the  western  boundary  of  Kew  York  was 
surveyed  and  mapped  in  1790  by  Andrew  Ellicott,  as  United  States 
commissioner  (Pa.  Archives,  Vol.  XII — Map),  and  the  latitude  formerly 
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inscribed  on  the  monnment  on  Lake  Erie,  fixing  the  western  boundary, 
was  420  16'  IS".    The  report  of  the  commissioner  has  not  been  fonnd. 

In  1865  Dr.  Peters,  director  of  Hamilton  College  Observatory,  nnder 
the  directions  of  the  Eegents  of  the  University  of  New  York,  determined 
the  latitude  and  longitude  of  the  boundary  monument  aforesaid,  with 
the  following  result :  Latitude,  42©  16'  2".8 ;  longitude,  79o  45^  54".4. 
( Vide  Dr.  Peters^  Eeport,  1868.) 

In  1877  the  parallel  of  the  forty-second  degree  north  latitude  was 
ascertained  at  four  points,  by  the  Kew  York  and  Pennsylvania  Joint 
Boundary  Commission,  with  the  following  result,  viz : 

1.  At  Travis  Station  (Hale's  Eddy),  very  near  the  east  end  of  that 
part  of  the  New  York  and  Pennsylvania  line  supposed  to  be  on  the 
forty -second  parallel,  the  old  line  was  found  to  be  275  feet  north  of  the 
parallel. 

2.  At  Finn's  Station,  about  20  miles  from  east  end  (Great  Bend),  the 
line  is  350  feet  south  of  the  parallel. 

3.  At  Burt's  Station,  about  70  miles  from  east  end  (Wellsbnrg),  the 
line  is  760  feet  north  of  the  parallel. 

4.  At  Clark's  Station,  abo^t  253  miles  from  east  end  ( Wattsburg),  the 
line  is  150  feet  north  of  the  parallel. 

(See  pamphlet,  Beport  of  Penn.  Board  of  the  Penn.  &  N.  Y.  Joint 
Boundary  Comm.) 


NEW   JERSEY. 

Although  the  original  grants  from  the  French  and  English  sot- 
ereigns  of  1603  and  1606  covered  the  territory  forming  the  present 
State  of  New  Jersey,  the  grant  which  first  directly  relates  to  New  Jer- 
sey is  that  given  in  1664  by  the  Duke  of  York  to  Lord  John  Berkeley 
and  Sir  George  Carteret,  two  months  before  the  setting  out  of  his  ex- 
pedition to  take  possession  of  New  York. 

The  following  extract  from  that  grant  defines  the  boundaries,  viz: 

All  that  tract  of  land  adjacent  to  New  England,  and  lying  and  being  to  the  west- 
ward of  Long  Island  and  Manhitas  Island;  and  bouudc  d  on  the  cast  part  by  the 
main  sea  and  part  by  Hudson's  River,  and  bath  upon  the  west  Delaware  Bay  or 
river,  and  oxtendeth  southward  to  the  main  ocean  as  far  as  Capo  May,  at  the  month 
of  Delaware  Bay,  and  to  the  northward  as  far  sis  the  northernmost  branch  of  the  said 
bay  or  river  of  Delaware,  which  is  forty-one  degrees  and  forty  minutes  of  latitude, 
and  crosseth  over  thence  in  a  strait  line  to  Hudson's  River  in  forty-one  degrees  of  lati- 
itnde ;  which  said  tract  of  land  is  hereafter  to  be  called  by  the  name  or  names  of  New 
Ceaserea  or  New  Jersey.  (Vide  Grants,  Concessions,  etc.,  of  Now  Jersey,  Learning 
&  Spicer,  p.  8.) 

In  March,  1673,  Lord  Berkeley  sold  his  undivided  moiety  of  New.  Jer- 
sey to  John  Fenwickj  by  whom,  in  the  following  year,  it  was  again  sold. 
July  1, 1676,  was  executed  the  famous  **Quintipartitc  deed,"  by  which 
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the  eastern  part  was  given  to  Sir  George  Carteret,  to  be  called  East  New 
Jersey,  and  tbe  western  part  to  the  other  proprietors,  to  be  called  West 
New  Jersey.  Sir  George  Carteret,  at  his  death  in  1678,  left  his  land  to 
be  sold.  It  was  sold  in  1682  to  the  twelve  proi)rietors,  who  admitted 
other  partners. 

Confirmation  grants  were  made  to  the  proprietors  of  both  provinces 
by  the  Duke  of  York,  and  confirmed  by  the  King,  but  between  1697  and 
1701  the  proprietors  repeatedly  made  petitions  to  be  allowed  to  surren- 
der their  right  of  government  to  the  Crowu.  Accordingly,  in  1702,  the 
surrender  wa«  made  and  accepted  by  the  Queen,  and  both  parts  united 
were  made  the  province  of  New  Jersey.  ( Vide  Leaming  and  Spicer's 
grants,  etc.) 

(For  the  history  of  the  northern  and  eastern  boundary,  vide  New  York, 
p.  73.) 

The  grant  from  the  Duke  of  York  to  Berkeley  and  Carteret  defined 
the  west  boundary  of  New  Jersey  to  be  the  Delaware  River.  ( Vide 
p.  76.) 

The  line  between  New  Jersey  and  Delaware  is  thus  described  in  the 
Kevised  Statutes  of  Delaware,  p.  2,  viz: 

Low-watiT  mark  od  the  eastern  side  of  the  river  Delaware,  within  the  twelve-mile 
circle  from  New  Castle  and  the  middle  of  the  bay,  below  said  circle. 

Jn  1870  the  legislature  of  New  Jersey  authorized  the  governor  to  com- 
mence  a  suit  in  the  Supreme  Court  of  the  United  States  to  settle  the 
boundary  between  New  Jersey  and  Delaware.  New  Jersey  claimed 
jurisdiction  to  the  middle  of  the  Delaware,  so  far  as  the  river  and  bay 
is  a  boundary  between  the  two  States.  ( Vide  Kevision  of  New  Jersey, 
p.  1185.) 

In  1783  Commissioners  were  appointed  by  New  Jersey  and  Pennsyl- 
vania to  settle  the  jurisdiction  of  the  river  Delaware  and  the  islands 
within  the  same.  Their  report  was  ratified,  and  is  in  substance  as  fol- 
lows: 

First.  It  is  declared  that  the  river  Delaware  from  the  station  point 
or  northwest  corner  of  New  Jersey,  northerly  to  the  place  upon  the  said 
river  where  the  circular  boundary  of  the  State  of  Delaware  touches 
upon  the  same,  in  the  whole  length  and  breadth  thereof,  is  and  shall 
continue  to  be  and  remain  a  common  highway,  equally  free  and  open 
for  the  use,  benefit,  and  advantage  of  the  said  contracting  parties,  etc. 

Second.  That  each  State  shall  enjoy  and  exercise  a  concurrent  juris- 
diction within  and  upon  the  water,  and  not  upon  the  dry  land  between 
the  shores  of  said  river,  etc. 

Third.  That  all  islets,  islands,  and  dry  land  within  the  bed  and  be- 
tween the  shores  of  said  river,  and  between  said  station  point  northerly 
and  the  falls  of  Trenton  southerly,  shall,  as  to  jurisdiction,  be  hereafter 
deem^  and  considered  as  parts  and  parcels  of  the  State  to  which  such 
insulated  dry  land  doth  lie  nearest  at  the  time  of  making  this  agree- 
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inent,  and  that  from  said  falls  of  TroDton  to  tbe  State  of  Delaware 
Boutherly,  certaiu  islaDds  (in  the  agreement  they  are  named  B)  be  an- 
nexed to  each  State  respectively.  ( Vide  Revision  of  Kew  Jersey,  p. 
1181.) 

In  1786  commissioners  were  appointed  by  New  Jersey  and  Pennsyl- 
vania for  more  accurately  determining  and  describing  the  islands  men- 
tioned in  the  foregoing  agreement ;  that  is,  those  in  the  Delaware  fiom 
the  northwest  comer  of  New  Jersey  down  to  the  falls  of  Trenton*  Their 
report  was  ratified,  and  a  long  list  of  islands,  described  by  name  in  the 
act,  were  annexed  to  each  State  respectively.  ( Vide  Bevision  of  New 
Jersey,  pp.  118^3.) 


I  PENNSYLVANIA.  ^ 

i 

The  Swedish  West  India  Company,  chartered  by  the  King  of  Swe- 
'l  den  in  1625,  established  the  first  permanent  settlement  on  the  west  bank 

of  the  Delaware,  occupying  a  part  of  the  territory  now  in  Pennsylvania 
and  Delaware,  althongh  the  Dntch  had  previously  established  trading 
I)osts,  which  had  been  destroyed  by  the  Indians.  The  Swedes  acquired, 
by  successive  purchases  from  the  Indian  chiefs,  all  the  laud  extending 
from  Gape  Heulopen  to  the  great  falls  of  the  Delaware,  calling  it  New 
Sweden.    ( Vide  0.  and  C,  p.  1609.) 

In  1655  this  territory  was  surrendered  to  the  Dntch.  ( Vide  Hazard's 
Annals  of  Pennsylvanin,  p.  185.) 

By  the  conquest  of  the  New  Netherlands,  in  1664,  the  Duke  of  York 
seems  to  have  successfully  claimed  the  settlements  on  the  west  bank  of 
the  Delaware  as  a  part  of  his  dominions. 

In  1681  Charles  II  of  England  granted  to  William  Penn  the  Province 
of  Pennsylvania.  The  following  extract  from  the  charter  defines  the 
i  boundaries : 

j;^  *    *    *    all  that  Tracte  or  Parte  of  Land  in  America,  with  all  the  Islands  therein 

i!  conteyned,  as  the  same  is  bounded  on  the  East  by  Delaware  River,  from  twelve  milM 

\  { >  distance  Northwards  of  New  Castle  Towne  unto  the  three  and  fortieth  degree  of  North- 

t  i  erne  Latitude,  if  the  said  River  doeth  extende  so  farre  northwards;  Bat  if  thessid 

f  River  shall  not  extend  soe  farre  Northward,  then  by  the  said  River  soe  farr  as  it  doth 

I  extend ;  and  from  the  head  of  the  said  River  the  Eastern  Bounds  are  to  bee  determined 

i  by  a  Meridian  Line,  to  bee  drawue  from  the  head  of  the  said  River,  unto  the  said  three 

j  and  fortieth  degree.    The  said  Lauds  to  extend  westwards  five  degrees  in  longitude,  to 

bee  computed  from  the  said  Easteme  Bounds ;  and  the  said  Lands  to  bee  bounded  on 
the  North  by  the  beginning  of  the  three  and  fortieth  degree  of  Northern  Latitude,  aod 
on  the  South  by  a  Circle  drawne  at  twelve  miles  distance  from  New  Castle  Northward 
and  Westward  unto  the  beginning  of  the  fortieth  degree  of  Northern  Latitude,  and 
thence  by  a  streight  Line  Westward  to  the  Limit  of  Longitude  above  mentioned. 

William  Penn,  in  order  to  perfect  his  title,  procured  of  the  Duke  of 
York  a  deed  bearing  date  August  21, 1682,  by  which  the  Duke  of  York 
conveyed  to  him  all  title  and  claim  which  he  might  have  to  the  province 
of  Pennsylvania.    ( Vide  Hazard's  Annals  of  Pa.,  586  et  seq.) 
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He  also  purchased  of  the  Dake  of  York  the  territory  now  compris- 
iDg  the  State  of  Delaware,  which  he  held  nutil  1701-%  when  he  granted 
a  charter  which  enabled  them  to  set  up  a  separate  government,  though 
still  under  proprietory  control.    (Vide  0.  and  C,  p.  270  et  seq.) 

(For  a  history  of  the  northern  and  eastern  boundaries  of  Pennsylva- 
nia, see  !New  York  and  New  Jersey,  pp.  71  and  76.] 

That  part  of  the  southern  boundary  of  Pennsylvania  between  Penn- 
sylvania and  Delaware  is  an  arc  of  a  circle,  having  for  it«  center  the 
steeple  of  the  old  court-house  at  New  Castle,  Del.,  and  a  radius  of  12 
miles.  This  was  surveyed  and  marked  under  a  warrant  from  William 
Penn  in  1701.    {Vide  Hazard's  Annals  of  Pennsylvania.) 

This  circular  line,  in  connection  with  adjacent  lines,  was  made  the 
subject  of  controversy  for  many  years. 

According  to  the  original  grants  of  Pennsylvania  and  Maryland  the 
boundary  between  them  was  to  be  the  fortieth  degree  of  north  latitude. 

This  line  being  found  to  pass  north  of  Philadelphia  and  to  exclude 
Pennsylvania  from  Delaware  Bay,  negotiations  ensued  between  the 
proprietors  to  rectify  this  geographical  blunder,  and  for  nearly  a  cen- 
tury the  matter  remained  unsettled. 

In  the  year  1732  an  agreement  was  made  to  fix  the  boundary.    Com- 

m 

missioners  were  appointed  in  that  year,  and  subsequently  in  1739,  to  run 
tbe  line,  but  they  failed  to  agree,  and  chancery  suits  were  the  result. 
Taking  a  decision  of  Lord  Chancellor  Hardwick  in  1750  as  a  basis  of 
final  adjudication,  an  agreement  was  signed  July  4,  1760.  By  this 
agreement  the  line  between  Pennsylvania  and  Delaware  on  the  one 
part  and  Maryland  on  the  other  was  determined  as  follows,'  viz : 

A  dne  east  and  west  line  should  be  run  across  the  peninsula  from 
Cape  Henlopeh  to  the  Chesapeake  Bay.  From  the  exact  middle  of 
this  line  should  be  drawn  a  line  tangent  to  the  western  periphery  of  a 
circle,  having  a  radius  of  12  English  statute  miles,  measured  horizon- 
tally from  the  center  of  the  town  of  New  Castle.  From  the  tangent 
])oint  a  line  should  be  drawn  due  north  until  it  cut  a  parallel  of  latitude 
15  miles  due  south  of  the  most  southern  part  of  the  city  of  Philadelphia, 
t  his  point  of  intersection  to  be  the  northeast  comer  of  Maryland ;  thence 
the  line  should  run  due  west  on  said  parallel  as  far  as  it  formed  a  boun- 
dary between  the  two  governments.    ( Vide  Delaware,  p.  81.) 

In  1760  commissioners  and  surveyors  were  appointed,  who  spent  three 
years  in  measuring  the  base  line  and  the  tangent  line  between  Maryland 
and  Delaware. 

The  proprietors  then,  wearied  with  the  delay,  sent  over  from  England 
two  famous  mathematicians,  Charles  Dixon  and  Jeremiah  Mason,  who 
verified  the  work  of  their  predecessors,  and  ran  the  line  west  between 
Pennsylvania  and  Maryland,  since  known  as  '^  Mason  and  Dixon's  line." 

Mason  and  Dixon  fixed  the  latitude  of  this  line  at  39o  43'  18'^  A 
resurvey  in  1850  by  Colonel  Graham  determined  it  to  be  39<^  43'  26''.3. 
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Ma80Q  and  Dixon  begun  their  work  in  1763^  and  were  stopped  by  In- 
dians in  1767,  having  run  the  line  about  244  miles  west  of  the  Delaware, 
not  quite  finishing  their  work.  They  put  up  mile  stones  all  along  said 
line,  every  fifth  one  being  marked  with  the  arms  of  the  respective  pro- 
prietors. 

In  consequence  of  the  accidental  i-emoval  of  the  stone  at  the  north* 
east  corner  of  Maryland,  commissioners  were  appointed  in  1850  by  Penn- 
sylvania, Delaware,  and  Maryland  to  revise  the  former  survey,  which 
was  done  by  Lieutenant-Colonel  Oraham,  of  the  United  States  topo- 
graphical engineers.  The  result  confirmed  the  work  of  Mason  and 
Dixon,  and  Maryland  gained  by  the  resurvey  a  little  less  than  two 
acres. 

(For  a  full  report  of  the  running  of  Mason  and  Dixon's  line  in  1763-'67, 
and  the  verification  by  Colonel  Graham  in  1850,  see  Senate  Journal  of 
Delaware  for  1851,  pages  56-109.) 

In  1784  the  report  of  the  commissioners  who  had  been  appointed  to  fix 
the  boundaries  between  Virginia  and  Pennsylvania  (West  Virinnia  then 
forming  part  of  Virginia)  was  confirmed,  and  the  lines  so  fixed  are  as 
follows,  viz: 

The  line  commonly  caUed  Mason  and  Dixon's  line  to  be  extended  doe  west  five  de- 
grees of  longitude  from  the  river  Delaware,  for  the  sonthem  boundary  of  Pennsyl- 
vania, and  a  meridian  drawn  from  the  western  extremity  thereof  to  the  northern 
limits  of  the  said  States,  respectively,  be  the  western  bonndtury  of  Pennsylvania. 
(  Vide  C.  and  B.  laws  of  Pennsylvania,  Vol.  II,  p.  495,  and  Hening's  Virginia,  Vol.  XI, 
p.  554.) 

By  the  cession  of  1784,  by  Virginia  to  the  United  States — and  that  of 
1800,  by  Gounecticnt  to  the  United  States,  and  the  formation  of  the 
State  of  West  Virginia  from  a  jiortion  of  Virginia  in  1862 — the  above- 
mentioned  meridian  line  becomes  the  boundary  between  Pennsylvania 
on  the  east,  and  Ohio  and  West  Virginia  on  the  west. 

By  an  examination  of  the  cession  of  1781,  by  New  York  to  the  United 
States,  it  will  be  seen  that  a  small  triangnlar  tract  on  Lake  Erie  was 
left  in  the  hands  of  the  General  Government.  This  was  sold  to  Penn- 
sylvania in  1792. 


DELAWARE. 


I  The  State  of  Delaware  was  originally  settled  by  the  Swedes.    ( Vide 

'  Pennsylvania,  p.  78.)    In  1695  it  was  surrendered  to  the  Dutch,  who, 

1  1  in  1664,  in  turn  surrendered  it  to  the  English,  and  it  was  taken  posses- 

;  sion  of  by  the  Duke  of  York. 

William  Penn,  having  received  in  1682  a  grant  of  the  province  of 
Pennsylvania,  bought  of  the  Duke  of  York  the  territory  comprising 
the  present  State  of  Delaware.    It  was  conveyed  to  him  by  two  deeda 
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of  feoffment^  dated  August  24, 1682,  one  conveyiug  the  town  of  ^ew 
Castle  and  a  twelve-mile  circle  around  the  same,  and  the  other  convey- 
ing all  the  lands  south  of  said  circle  to  Cape  Henlopen.  (See  Hazard's 
Annals  of  Pennsylvania,  p.  588,  et  seq.) 

Soon  after  the  grant  made  by  the  royal  charter  aforesaid,  an  as- 
sembly of  the  province  and  three  lower  counties  (then  called  the  ter- 
ritories) was  called  by  the  proprietary  and  governor  aforesaid,  which 
met  at  Chester  on  the  seventh  day  of  December,  1682,  when  the  follow- 
ing laws,  among  others,  were  passed,  to  wit : 

•  •    •    Since    •     •    •    it  bas  pleased  King  Charles  the  Second    •    *    *    to  grant 

*  •     *  William  Penn,  esq.,      •    •    •    this  Province  of  Pennsylvania    •    ♦    • 
And    *    James  Dnke  of  York  and  Albany    *    *    *    to  release  his  right  and  claim 
•    *    *    to  the  Province  of  Pennsylvania    •    *    *    and    •    •    •    to  grant  unto  the 
said  William  Penn    *    «     *    all  that  tract  of  land  fh)m  twelve  miles  north  ward  of  New 
Cftstle,  on  the  river  Delaware,  down  to  the  Sonth  Cape  (commonly  called  Cape  Hen- 
lopen, and  by  the  Proprietary  and  Governor  now  called  Cape  Jomus)  lying  on  the 
west  side  of  the  said  river  and  bay,    •    •    •    lately  cast  into  three  counties,  called 
New  Castle,  Jones,  and  Whorekills  (alias New  Dale.    *    *    *    Be  it  enacted    *    * 
that  the  counties  of  New  Castle,  Jones,  and  Whorekills  alias  New  Dale  -  •    *    • 
are  annexed  to  the  Province  of  Pennsylvania.    •    •    *    (Dallas'  Laws  of  Pennsylva- 
nia, 1797,  Vol.  I,  Appendix,  p.  24,  et  aeq). 

In  1701  William  Penn  granted  a  charter,  under  which  the  province 
of  Pennsylvania  and  the  territories  (as  Delaware  was  then  called)  were 
made  separate  governments,  thoagh  both  were  stiU  under  the  proprie- 
tary government  of  William  Penn.    (0.  &  C,  p.  270.) 

By  the  Bevolution  the  '*  territories  "  became  the  State  of  Delaware, 
with  substantially  her  present  boundaries. 

(For  a  history  of  the  boundaries  between  Delaware  and  Pennsylvania, 
vide  Pennsylvania,  p.  79,  and  between  Delaware  and  Kew  Jersey,  vide 
New  Jersey,  p.  77,  et  seq.) 

From  1732  tx)  1769  there  was  a  controversy  between  the  proprietors 
of  Pennsylvania  and  Maryland  in  regard  to  boundaries  {vide  p.  79). 
The  boundaries  of  Delaware  on  the  north  and  west — Delaware  then  be- 
ing under  the  jurisdiction  of  Pennsylvania — were  determined  as  follows, 
viz: 

Beginning  at  Cape  Henlopen  and  rnnning  due  west  34  miles  309 
perches;  thence  in  a  straight  line  81  miles  78  chains  and  30  links  up 
the  peninsula  until  it  touches  and  makes  a  tangent  to  the  western  per- 
iphery of  a  circle,  drawn  at  the  horizontal  distance  of  twelve  English 
statute  miles  from  the  center  of  the  town  of  New  Castle. 

From  this  tangent  point  a  line  was  run  due  north  till  it  cut  a  parallel 
of  latitude  15  miles  due  south  of  the  most  southern  part  of  the  city  of 
Philadelphia.  This  point  of  intersection  is  the  northeast  corner  of 
Maryland.  The  tangent  line  bearing  a  little  west  of  north,  the  due 
north  line  from  the  tangent  point  cuts  off  an  arc  of  the  12-mile  circle. 
The  boundary  line  follows  the  arc  of  the  circle  from  the  tangent  point 
around  to  the  point  where  the  due  north  line  intersects  t;he  12-mil9 
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circle,  then  follows  said  dae  north  line  to  said  northeast  comer  of  Maiy- 
land.  The  length  of  said  dne  north  line  is  5  miles  1  chain  and  50  links, 
as  given  by  Mason  and  Dixon.    ( Vide  Joor.  Del.  Sen.,  1851,  p,56  ei  Mg.) 

By  the  agreement  of  1760,  based  on  the  decree  of  Ghanoellor  Hard- 
wick,  a  due  east  and  west  line  should  lie  run  across  the  peuinsala  fiom 
Gape  Heulopen  to  Chesapeake  Bay,  etc.  The  decree  of  Lord  Hardwiek 
says,  touching  the  position  of  Gape  Henlopen,  ^^  that  Gape  Henlopen 
ought  to  be  deemed  and  taken  to  be  situated  at  the  place  where  the  same 
is  laid  down  and  described  in  the  map  or  plan  annexed  to  the  said  arti- 
cles to  be  situated,  and  therefore  his  lordship  doth  further  order  and 
decree  that  the  said  articles  be  carried  into  execution  accordingly,'' etc 

In  Hazard's  Annals  of  Pennsylvania,  p.  5,  is  found  the  following,  viz: 
^'  The  cape  now  called  Henlopen  was  then  called  Gomelis." 

William  Penn  directed  that  Gape  Henlopen  be  called  O^-pe  Jamea 
{Vide  Hazard's  Pennnsylvania,  p.  606;  alsovidE^  Act  of  anion  of  tiie 
territories  to  Pennsylvania.) 

The  foregoing  statements  explain  the  seeming  incongroily  between 
the  base  line  across  the  peninsula  and  the  position  of  Gape  H^ilopea 
as  laid  down  on  all  modern  maps. 


MARYLAND. 

The  territory  comprising  the  present  area  of  Maryland  was  included 
in  the  previous  charters  of  Virginia,  notwithstanding  which,  in  the 
year  1632,  Lord  Baltimore  received  a  royal  grant  of  the  province  of 
Maryland^  whose  boundaries  are  defined  in  the  following  extract: 

All  that  part  of  the  Peninsula  or  Chersonese,  lying  in  parts  of  America,  between 
the  ocean  on  the  east  and  the  Bay  of  Chesapeake  on  the  west ;  divided  from  the  re»- 
idne  thereof  by  a  right  lino  drawn  from  the  promontory  or  headland  called  Watkins 
Point,  situate  upon  the  bay  aforesaid,  near  the  River  Wighco  on  the  west  nnto  the 
main  ocean  on  the  east,  and  between  that  boundary  on  the  sonth  nnto  that  part  of 
the  Bay  of  Delaware  on  the  north,  which  lioth  under  the  fortieth  degree  of  north 
latitude  from  the  equinoctial,  where  New  England  is  terminated ;  and  all  the  tract 
of  that  land  within  the  metes  underwritten  (that  is  to  say),  passing  from  the  said 
bay,  called  Delaware  Bay,  in  a  right  line,  by  the  degree  aforesaid,  unto  the  true 
meridian  of  the  first  fountain  of  the  River  Pattowmack ;  thence  verging  towards  the 
south  unto  the  farther  bank  of  the  said  river,  and  following  the  same  on  the  west 
and  south  unto  a  certain  place  called  Cinqnack,  situate  near  the  month  of  said  river, 
where  it  disembogues  into  the  aforesaid  Bay  of  Chesapeake,  and  thence  by  the  short- 
est line  unto  the  aforesaid  promontory  or  place  called  Watkins  Point,  so  that  tiie 
whole  tract  of  land  divided  by  the  line  aforesaid,  between  the  main  ocean  and  Wat- 
kins Point  unto  the  promontory  called  Capo  Charles,  may  entirely  resiain  forever 
excepted  to  us    **•**•. 

By  an  examination  of  the  limits  laid  down  in  this  charter,  and  a  com- 
parison with  the  several  charters  of  Virginia  and  the  charter  an4  deed§ 
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to  William  Penn,  it  will  be  seen  that  there  was  a  conflict  of  boundaries 
on  both  sides  of  the  Maryland  grant. 

The  history  of  the  long  controversy  with  Pennsylvania  ha«  already 
been  given  {vide  Pennsylvania,  p.  79,  and  Delaware,  p.  80).  Virginia  on 
the  south  claiuied  tiie  territory  under  her  charters,  and  for  a  time  seemed 
disposed  to  assert  her  claim,  notwithstanding  we  find  in  1638  a  procla- 
mation by  the  governor  and  council  of  Virginia  recognizing  the  prov- 
ince of  Maryland,  and  forbidding  trade  with  the  Indians  within  the  lim- 
it«  of  Maryland  without  the  consent  of  Lord  Baltimore  previously  ob- 
tained (vide  Bozman's  Maryland,  vol.  II,  p.  586).  Virginia's  claim  was 
finally  given  up  by  a  treaty  or  agreement  made  in  1658.  (For  a  full 
account  vide  Bozman's  Maryland,  p.  444  et  seq.) 

In  1G63  the  Virginia  assembly  ordered  a  survey  of  the  line  between 
Virginia  and  Maryland  on  the  peninsula,  and  declared  it  to  be  as  fol- 
lows, viz : 

From  Watkins  Point  east  across  the  peniDsnla. 

They  define  Watkins  Point 

To  be  the  north  side  of  Wicomicoe  River  on  the  Eastern  shore  and  neere  unto  and 
on  the  sonth  side  of  thestreight  lirabe  opponte  to  Patoxent  River. 

(Vide  Bening's  Virginia,  vol.  II,  p.  184.) 

In  1668  commissioners  were  appointed  by  Maryland  and  Virginia  to 
fix  the  boundary  across  the  peninsula.  The  commissioners  were  Philip 
Calvert,  esq.,  chancellor  of  Maryland,  and  Col.  Edmund  Scarbrugh,  his 
majesty's  surveyor- general  of  Virginia.    Their  report  is  as  follows,  viz: 

*  *  ^  After  a  faU  and  perfect  view  taken  of  the  point  of  land  made  by  the  north 
side  of  Pocomoke  Bay  and  south  side  of  Annamessexs  Bay  have  and  do  conclude  th6 
same  to  bo  Watkins  Point,  from  which  said  point  so  called,  we  have  run  an  east  line, 
agreeable  with  the  extreamest  part  of  the  westermost  angle  of  the  said  Watkina 
Point,  over  Pocomoke  River  to  the  land  near  Robert  Holston's,  and  there  have  marked 
certain  trees  which  are  so  continued  by  an  east  line  running  over  S wansecntes  Creeke 
into  the  marsh  of  the  seaside  with  apparent  marks  and  boundaries  *  *  *  Signed 
June  25, 1868.  ( Vide  Md.  Hist.  Soc.  Coll.  of  State  papers,  volume  marked  4  L.  C.  B., 
pp.  63-64.) 

Virginia,  by  the  adoption  of  her  constitution  of  1776  (see  Article  21), 
relinquished  all  claim  to  territory  covered  by  the  charter  of  Maryland, 
thereby  fixing  Maryland's  western  boundary  as  follows : 

Commencing  on  a  true  meridian  of  the  first  fountain  of  the  ri^er  Pattawmack, 
thence  verging  towards  the  south  unto  the  further  bank  of  the  said  river  and  follow- 
ing the  same  on  the  west  and  south  unto  a  certain  place  caUcd  Ciuqnack,  situate  near 
the  mouth  of  said  river  where  it  disembogues  into  the  aforesaid  bay  of  Chessopeake, 
and  thence  by  the  shortest  line  unto  the  aforesaid  promontory  or  place  called  Watkina 
Point,  thence  a  right  line  to  the  main  ocean  on  the  east.    (See  charter  of  Maryland.) 

The  foregoing  are  substantially  the  present  boundaries^  but  from  that 
time  up  to  the  present  a  controversy  has  been  going  on  concerning  them. 

In  1786  a  compact  was  entered  into  between  the  States  of  Maryland 
apd  Virginia,  but  as  this  referred  more  particularly  to  the  navigation 
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and  exercise  of  jurisdiction  on  the  waters  of  Chesapeake  Bay,  the  Po- 
tomac and  Pocomoke  Bivers,  they  are  not  given  here.  ( Vide  Hening's 
Ya.,  Vol.  XU,  p.  60.) 

From  1821  to  1858  freqnent  legislation  took  place  in  regard  to  this 
boundary. 

In  the  last-named  ^ear  commissioners  were  appointed  by  Maryland 
and  Virginia,  respectively,  who,  with  the  assistance  of  Lieut.  N.  Mich- 
ler.  United  States  Engineers,  surveyed  the  lines. 

In  1860  the  governor  of  Virginia,  under  a  resolution  of  the  legisla- 
ture, appointed  and  sent  an  agent  to  England  to  collect  records  and 
documentary  evidence  bearing  on  this  queistion. 

The  rebellion  ensuing,  nothing  further  was  done  until  1867,  when 
legislation  again  commenced. 

The  question  of  this  boundary  was  referred  to  arbitrators  by  an 
agreement  made  in  1874,  each  State  binding  itself  to  accept  their  award 
as  final  and  conclusive. 

J.  S.  Black,  of  Pennsylvania ;  William  A.  Oraham,  of  l^orth  Caro- 
lina, and  Charles  A.  Jenkins,  of  Georgia,  were  appointed  arbitrators. 

William  A.  Graham  having  died,  James  B.  Beck,  of  Kentucky,  was 
appointed  in  his  stead. 

The  arbitrators  made,  in  1877,  the  following  award,  viz : 

Beginning  at  the  point  on  the  Potomac  River  where  the  line  between  YiiginU  and 
Weet  Virginia  strikes  the  said  river  at  low-water  mark,  and  thence  following  tiie 
meanderings  of  said  river  by  the  low-water  mark  to  Smith's  Point,  at  or  near  the 
month  of  the  Potomac,  in  the  latitude  37^  53'  8"  and  longitude  76^  13'  46" ;  thenee 
crossing  the  waters  of  the  Chesapeake  Bay,  by  a  line  running  north  65^  SO^  east, 
about  nine  and  a  half  nautical  miles  to  a  point  on  the  western  shore  of  Smith's 
Island  at  the  north  end  of  Sassafras  Hammock,  in  latitude  37^  57'  13",  longi- 
tnde  76^  2'  52" ;  thence  across  Smith's  Island  south  88°  30'  east  five  thoosand  ax 
hundred  and  twenty  yards  to  the  center  of  Horse  Hammock,  on  the  eastern  shors 
of  Smith's  Island,  in  latitude  37°  57'  8",  longitude  75°  59'  20" ;  thence  south  79° 
30'  east  four  thousand  eight  hundred  and  eighty  yards  to  a  point  marked  "A" 
on  the  accompanying  map,  in  the  middle  of  Tangier  Sound,  in  latitude  37^^  ^ 
4Stf'f  longitude  75°  56'  23",  said  point  bearing  from  James  Island  light  south  54^ 
west,  and  distant  from  that  light  three  thousand  five  hundred  and  sixty  yards; 
thence  south  10°  30'  west  four  thousand  seven  hundred  and  forty  yards  by  a  line  di- 
viding the  waters  of  Tangier  Sound,  to  a  point  where  it  intersects  the  straight  line 
from  Smith's  Point  to  Watkins  Point,  said  point  of  intersection  being  in  latitudes?^ 
54'  21",  longitude  75°  56'  55",  bearing  from  James  Island  light  south  29°  weet  and 
from  Horse  Hammork  south  34°  30'  east.  This  point  of  intersection  is  marked  "4" 
on  the  accompanying  map.  Thence  north  85°  15'  east  six  thousand  seven  hundred  and 
twenty  yards  along  the  line  above  mentioned,  which  runs  from  Smith's  Point  to  Wat- 
kins  Point  until  it  reaches  the  latter  spot,  namely  Watkins  Point,  which  is  in  lati- 
tude 37°  54'  38",  longitude  75°  52'  44".  From  Watkins  Point  the  boundary  line  miis 
due  east  seven  thousand  eight  hundred  and  eighty  yards  to  a  point  where  it  meets  a 
line  running  through  the  middle  of  Pocomoke  Sound,  which  is  marked  ''C  on  the 
accompanying  map,  and  is  in  latitude  37°  54'  38",  longitude  75°  47'  60" ;  thence  by  a 
line  dividing  the  waters  of  Pocomoke  Sound  north  47°  30'  east  five  thousand  two 
hundred  and  twenty  yards  to  a  point  in  said  sound  marked  "  D"  on  the  accompany* 
ing  map,  in  latitude  37°  56'  25",  longitude  75°  45'  26";  thence  following  the  middle 
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of  Pocomoke  Riyer  by  a  lin^  of  irregular  curves,  as  laid  down  on  the  accompanying 
map,  until  it  intersects  the  westward  protraction  of  the  boundary  line  marked  by 
Scarborough  and  Calvert,  May  28, 1668,  at  a  point  in  the  middle  of  Pocomoke  River, 
and  in  the  latitude  37°  59^  37",  longitude  75°  37'  A" ;  thence  by  the  Scarborough  and 
Calvert  line,  which  runs  5°  15'  north  of  east,  to  the  Atlantic  Ocean. 

The  latitudes,  longitudes,  courses,  and  distances  here  given  have  been  measured  upon 
the  Coast  Chart  No.  33  of  U.  S.  Coast  Survey,  sheet  No.  3,  Chesapeake  Bay.  •  *  * 
The  middle  thread  of  the  Pocomoke  River  and  the  low- water  mark  on  the  Potomac 
River  are  to  be  measured  from  headland  to  headland,  without  considering  or  following 
arms,  inlets,  creeks,  bays,  or  affluent  rivers.  *  *  •  {Vide  U.  S.  Stat,  at  Large, 
Vol.  XX,  p.  481.) 

This  award  was  ratified  by  the  States  of  Maryland  and  Virginia,  and 
confirmed  by  Congress  in  1879. 

In  1879-'80  acts  were  passed  by  the  legislatares  of  Maryland  and 
Virginia  to  appoint  commissioners  and  to  request  the  General  Govern- 
ment to  designate  one  or  more  officers  of  the  Engineer  Corps,  said 
commissioners  and  officers  to  survey  and  mark  said  line  and  erect  monu- 
ments thereon. 

West  Virginia  having  been  formed  from  a  part  of  Virginia  and  ad- 
mitted into  the  Union  in  1862,  the  western  boundary  of  Maryland  now 
separates  it  from  the  State  of  West  Virginia. 

The  commissioners  appointed  in  1859  by  Virginia  and  Maryland  (vide 
p.  84)  surveyed  the  western  boundary  from  the  "Fairfax  Stone''  (the 
first  fountain  of  the  Potomac)  due  north  to  the  Pennsylvania  line,  and 
the  legislature  of  Maryland  in  1860  .passed  an  act  declaring  that  line  to 
to  be  its  western  boundary. 

From  the  "  Fairfax  Stone  "  the  boundary  between  Maryland  and  West 
Virginia  runs  along  the  south  bank  of  the  Potomac  Biver  till  it  strikes 
the  line  between  Virginia  and  West  Virginia. 

(For  a  history  of  the  placing  of  the  Fairfax  Stone,  vide  Virginia,  p.  90.) 


DISTRICT   OP  dOLUMBIA. 

On  the  5th  day  of  September,  1774,  the  Continental  Congress  met  at 
Philadelphia.  Two  years  later  they  adjourned  to  Baltimore.  During 
the  Bevolution  and  subsequent  to  the  treaty  of  peace  they  met  in  vari- 
ous places.  After  the  close  of  the  war  much  debate  took  place  in  re- 
gard to  the  location  of  a  permanent  seat  of  the  Government  of  the 
United  States.  Several  States  made  propositions  to  Congress,  offering 
to  cede  certain  lands  for  the  purpose,  but  no  determination  of  the  loca- 
tion was  made  by  Congress  until  1790. 

Act  Qf  cession  from  the  State  of  Maryland^  passed  December  23, 1788. 

On  the  23d  of  December,  1788,  the  State  of  Maryland  passed  the  fol- 
lowing act,  viz : 
Be  it  enacted  hj/  ike  gemefral  aeaemhly  of  Maryland,  That  the  representatives  of  this 
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Blmieiuihtt  Hf^nut  of  Egpreaee.iagiTgg  gf  ibe  C  wi^i  i  ■  of  the  Cnitgd  States  appoiated 
to  ttmmhie  at  Sev  York,  oa  tbi^  fns  Wedx^eadftj  of  Jfan^  nexu  be  and  tfcej  ne 
htnhf  amborix^  aM  n^^iircid  on  ibe  bc-balf  of  tins  State  to  cede  to  tKe  Gon^resof 
tlvr  United  Sta:#3«.  anr  di«triet  ia  thl«  State  not  cxeeedia^  um  ^iles  aqoaie,  vUchtke 
CoBSRM  maj  fix  apoa  ^od  a«e«|rt  for  tlie  seat  of  eoremaMnt  of  the  United  States. 

Ill  HbefMofwing  year  (Deeember 3, 1789), UieStateof  Vii^giiiui  passed 
a  mmUar  act,  of  whidi  tJbe  foQawing  is  an  extnct : 

Be  U  fkartf^rt  emmdUA  hf  ike  femerml  ■■■fify.  That  a  tiac<  of  eoantzj  not  *^***^K«g 
tea  niika  aqoare  or  aoj  leaser  qoaDtitr,  to  be  located  vithin  tbe  lunits  of  tbe  State, 
and  tn  aoj  pari  thereof  aaCongreai  uj  by  lavdhect  diall  be,  and  the  same  it  hereby, 
lorrrer  eeded  and  relinqiiiabcd  to  the  Con^ren  and  Goreniment  of  the  United  Stafeei» 
in  fill!  and  abatrioie  fi^t  and  excloaiTe  inziadietioB,  as  well  of  said  soil  aa  of  pcnoai 
reaidiD^  or  to  reside  thereon,  pvnoant  to  the  tenor  and  effect  of  the  eig;hth  sectiM 
iff  the  1st  artlele  of  the  Constitntion  of  the  GoreniDieDt  of  the  United  States. 

After  long  discassnoD,  CoDgiess  in  1790,  in  Tiew  of  the  forgoing  ces- 
sions at  Maryland  and  Virginia,  passed  the  following  act,  viz : 


AV  ACT  iar  ffaWkhing  the  tenporary  aad  | fill  seat  oT  fciiiMHiiiil  of  thelTBltod  Stetai. 

AppivT«d  Jnly  IC,  17W. 

Skct.  1.  BeUem4UiedhftkeSemaUamdHou9eofBfpre9emtaHwe9oftkeUmU9dSiaia0f 
America  in  Cotigreti  oMembled,  That  a  district  of  territoiy,  not  exceeding  ten  miles 
sqaare,  to  tie  located  as  hereafter  directed  on  t&e  river  Potowmac,  at  some  plaee  be- 
tween tbe  month  of  the  Eastern  Branch  and  Connoyocbeqne,  be,  and  the  same  ia 
hereby,  accepted  for  the  permanent  seat  of  the  goTemment  of  the  United  States. 
Prorided  nereriheUn,  That  the  operation  of  the  laws  of  the  State  within  saeh  district 
shall  not  be  affected  by  this  acceptance  nntil  the  time  fixed  for  the  remoTal  of  the  gOT- 
emment  thereto,  and  until  CongieAs  shall  otherwise  by  law  provide. 

SscT.  2.  And  he  it  further  enacted^  That  the  President  of  the  United  States  be  author- 
ised to  appoint,  and  by  sapplying  vacancies  happening  from  refusals  to  act  or  other 
causes,  to  keep  in  appointment  as  long  as  may  be  necessary,  three  eonunissioneis, 
who,  or  any  two  of  whom,  shall,  under  the  direction  of  the  President,  survey,  and  by 
proper  metes  and  bounds  define  and  limit,  a  district  of  territory,  under  the  limitatioos 
above  mentioned ;  and  the  district  so  defined,  limited,  and  located  shall  be  deemed 
the  district  accepted  by  this  act  for  the  permanent  seat  of  the  government  of  tbe 
United  States. 

Sect.  3.  And  he  it  enacted.  That  the  said  commissioners,  or  any  two  of  them,  shall 
have  power  to  purchase  or  accept  such  quantity  of  land  on  the  eastern  side  of  the  said 
river  within  the  said  district  as  the  President  shall  deem  proi>er  for  the  use  of  the 
United  States,  and  according  to  such  plans  as  the  President  shall  approve.  The  said 
commissioners,  or  any  two  of  them,  shall,  prior  to  the  first  Monday  in  December  in 
the  year  IHOO,  provide  suitable  buildings  for  the  accommodation  of  Congress,  and  of 
the  President,  and  for  the  public  offices  of  the  government  of  the  United  States. 

Sect.  4.  And  he  it  enactedf  That  for  defraying  the  expenses  of  such  purchases  and 
buildings  the  President  of  the  United  States  be  authorized  and  requested  to  accept 
grants  of  money. 

Sect.  5.  And  he  it  enacted,  That  prior  to  the  first  Monday  in  December  next  all  offices 
attached  to  the  seat  of  government  of  tbe  United  States  shall  be  removed  to,  and 
until  the  first  Monday  in  December  in  the  year  1800  shall  remain  at,  the  city  of  Phila- 
delphia, in  the  State  of  Pennsylvania,  at  which  place  the  session  of  Congress  next 
ensuing  the  present  shall  be  held. 

Sect.  0.  And  he  it  enacted,  That  on  the  first  Monday  in  December,  in  the  year  1800, 
the  seat  of  the  government  of  the  United  States,  shall,  by  virtue  of  this  act,  be  trans- 
ferred to  the  district  and  place  aforesaid.  Aud  all  offices  attached  to  the  said  seat  of 
government  shall  accordingly  be  removed  thereto  by  their  respective  holders,  and 
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shall,  after  the  said  day,  cease  to  be  exercised  elsewhere,  and  that  the  necessary  ex* 
pense  of  said  removal,  shall  be  defrayed  ont  of  the  duties  on  imposts  and  tonnage,  of 
which  a  sufficient  sum  is  hereby  appropriated. 

In  the  following  year  the  foregoing  act  was  amended,  in  order  to  in- 
clude a  portion  of  the  Eastern  Branch,  and  the  town  of  Alexandria 
within  the  limits  of  the  district. 

The  following  is  the  act  of  amendment : 

AN  ACT  to  amend  "An  act  for  establishing  the  temporary  and  permanent  seat  of  goyemment  of  tho 

United  States."    Approved  March  8, 1791. 

Be  it  enaeledf  ^o.,  That  so  much  of  the  act  entitled  ''An  act  for  establishing  the  tem« 
I>orary  and  permanent  seat  of  the  goyernraent  of  the  United  States,  as  requires  that 
the  whole  of  the  district  of  territory,  not  exceeding  ten  miles  square,  to  be  located  on 
the  river  Potowmac,  for  the  permanen  t  seat  of  the  government  of  the  United  States, 
shall  be  located  above  the  mouth  of  the  Eastern  Branch,  be  and  is  hereby  repealed, 
and  that  it  shall  be  lawfal,  for  the  President  to  make  any  4>art  of  the  territory  below 
said  limit  and  above  the  month  of  Hunting  Creek,  a  part  of  the  said  district  so  as  to 
include  a  convenient  port  of  the  Eastern  Branch,  and  of  the  lands  lying  on  the  lower 
side  thereof;  and  also  the  town  of  Alexandria,  and  the  territory  so  to  be  included 
shall  form  a  part  of  the  district  not  exceeding  ten  miles  square  for  the  permanent 
seat  of  the  government  of  the  United  States,  in  like  manner,  and  to  all  intents  and 
purposes,  as  if  the  same  had  been  wiMiin  the  the  purview  of  the  above  recite^  act: 
Provided,  That  nothing  herein  contained,  shall  authorize  the  erection  of  the  public 
buildings,  otherwise  than  on  the  Maryland  side  of  the  river  Potowmao,  as  required  by 
the  aforesaid  act. 

In  pnrsnance  of  the  foregoing  acts,  three  commissioners  were  ap- 
pointed, who  made  preliminary  surveys  of  the  territory,  and  on  the  30th 
day  of  March,  1791,  George  Washington,  President  of  the  United  States, 
issued  a  proclamation,  in  which  the  boands  of  the  said  District  were 
defined  as  follows,  viz: 

Beginning  at  Jones'  Point,  being  the  upper  cape  of  Hunting  Creek,  in  Virginia,  and 
at  an  angle  in  the  outset  of  45^  west  of  the  north,  and  running  in  a  direct  line  ten 
miles  for  the  Arst  line ;  then  beginning  again  at  the  same  Jones'  Point  and  running 
another  direct  line  at  a  right  angle  with  the  first,  across  the  Potomac,  ten  miles  for 
the  second  line ;  then,  from  the  terminations  of  the  said  first  and  second  lines,  run- 
ning two  other  direct  lines,  of  ten  miles  each,  the  one  crossing  the  Potomac  and  the 
other  the  Eastern  Branch  aforesaid,  and  meeting  each  other  in  a  point. 

In  1800  Congress  removed  to  this  District.  In  the  following  year 
the  District  was  divided  into  two  counties,  as  follows,  viz: 

UIOTBD    8TATBS    STATUTES    AT    LARGE,    SIXTH    CONORE8S,    SECOND    SESSION,    1801, 

(CHAPTER  XV). 

AN  ACT  coDoemin);  the  District  of  Colnmbia. 

The  said  District  of  Columbia  shall  be  formed  into  two  counties.  One  counter  shall 
contain  all  that  part  of  said  District  -which  lies  on  the  east  side  of  the  riyer  Potomac, 
together  with  the  islands  therein,  and  shall  be  called  the  county  of  Washington,  the 
other  county  shall  contain  all  that  part  of  said  District  which  lies  on  the  west  side  of 
said  river,  and  shall  be  called  the  county  of  Alexandria ;  and  the  said  river,  in  its 
whole  course  through  said  District,  shall  be  taken  and  deemed  to  all  intents  and  pur- 
poses to  be  within  both  of  uaid  counties. 
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in  1846  Congress  passed  an  act  retrocedin^  to  the  State  of  Yirgisii 
that  part  of  the  District  of  Columbia  originally  ceded  to  the  United 
States  by  Virginia.  The  following  is  an  extract  from  said  act  of  retio- 
cession : 

That  witli  assent  of  the  people  of  the  county  and  town  of  Alexandria,  to  be  asow* 
tained  as  hereinafter  prescribed,  all  of  that  portion  of  the  Diatriet  of  Columbia  eeded 
to  the  United  States  by  the  State  of  Yirginia,  and  all  the  righto  and  JuriadietiQi 
therewith  ceded  over  the  same,  be,  and  the  same  are,  hereby  ceded  and  foreyer  »• 
linquiahed  to  the  State  of  Virginia  in  fnU  and  absolute  right  and  Jorifldictiony  as  wdl 
of  soil  as  of  persons  residing  or  to  reside  thereon. 


VlfiGINIA. 

In  the  year  1606  King  James  I  of  England  granted  the  <<  First  Char- 
ter of  Virginia."    The  boundaries  therein  described  are  as  follows,  vis: 

*  *  *  Situate,  lying,  or  being  all  along  the  sea  coasts^  between  four  and  thnty 
degrees  of  northerly  latitude  from  the  equinoctial  line,  and  five  and  forty  degrees  of 
the  same  latitude,  and  in  the  main  laud  between  the  same  four  and  thirty  and  Atb 
and  forty  degrees  and  the  islands  thereunto  adjacent,  or  within  one  handred  miles  of 
the  coast  thereof.    •    •    * 

Soon  after,  in  1609,  a  new  charter  was  granted,  called  the  <'  Second 
Charter  of  Virginia,''  which  defines  the  boundaries  in  the  following 
^terms:. 

*  *  *  Situate,  lying,  and  being  in  that  part  of  America  called  Virginia,  from 
the  point  of  land  called  Cape  or  Point  Comfort,' all  along  the  sea  coast  to  the  north- 
ward two  hundred  miles,  and  from  the  said  point  of  Cape  Comfort  all  along  the  sea 
coast  to  the  southward  two  hundred  miles,  and  all  that  space  and  circuit  of  land 
lying  from  the  sea  coast  of  the  precinct  aforesaid  up  into  the  land,  throughout  from 
sea  to  sea,  west  and  northwest,  and  also  all  the  islands  lying  within  one  hundred 
miles  along  the  coast  of  both  seas  of  the  precinct  aforesaid.    •    •     • 

In  1611>'12  the  ^^  Third  Charter  of  Virginia  "  was  granted,  which  was 
an  enlargement  of  the  second,  of  which  the  following  is  an  extract: 

All  and  singular  those  islands  whatsoeyer,  situate  and  being  in  any  part  of  the  ocean 
seas  bordering  upon  the  coast  of  our  said  first  colony  in  Virginia,  and  being  within 
three  hundred  leagues  of  any  of  the  portes  heretofore  granted  to  the  said  treasurer 
and  company  in  our  former  letters-patents  as  aforesaid,  and  being  within  or  between 
the  one-and -fortieth  and  thirtieth  degrees  of  northerly  latitude. 

These  boundaries,  as  will  be  seen,  included  territory  composing  wholly, 
or  in  part,  the  present  States  of  Pennsylvania,  Delaware,  Marylaud, 
Korth  and  South  Carolina,  in  addition  to  others  formed  since  the  Bevo- 
lution. 

This  large  extent  of  territory  was  reduced  in  the  first  instance  by  the 
charter  of  Maryland  in  1632,  next  by  the  charters  of  Carolina  in  1663 
and  1665,  then  by  the  charter  of  Pennsylvania  in  1681,  and,  again,  sub- 
sequent to  the  Bevolution,  by  the  cession  to  the  United  States  of  tiie 
territory  northwest  of  the  Oh'o  Biver  in  1784;  by  the  admission  of 
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Eentacky  as  an  independent  Stat«  in  1792,  and  lastly  by  the  division  of 
the  territory  of  Virginia  in  1862,  by  which  the  new  State  of  West  Vir- 
ginia was  created  and  admitted  into  the  Union. 

By  the  constitntion  of  1776  Virginia  formally  gave  np  all  claim  to  the 
territory  now  appertaining  to  the  neighboring  States  of  Maryland,  Penn- 
sylvania, Korth  and  Sonth  Carolina. 

The  following  is  an  extract  from  the  Virginia  constitution  of  1776 : 

The  territories  contained  within  the  charteru  erecting  the  colonies  of  Maryland, 
Pennsylvania,  North  and  Sonth  Carolina,  are  herehy  ceded,  released,  and  forever 
confirmed  to  the  people  of  these  colonies,  respectively,  with  all  the  rights  of  prop- 
erty, Jurisdiction,  and  government,  and  all  the  rights  whatsoever,  which  might  at 
any  time  heretofore  have  heen  claimed  hy  Virginia,  except  the  free  navigation  and 
nse  of  the  rivers  Potomaqne  and  Pokomoke,  with  the  property  of  the  Vir^i^inia  shores 
and  strands  bordering  on  either  of  said  rivers,  and  all  improvements  which  have  been 
or  shall  be  made  thereon.  The  western  and  northern  extent  of  Virginia  shall,  in  all 
other  respects,  stand  as  fixed  by  the  charter  of  King  James  I,  in  the  year  one  thou- 
sand six  hundred  and  nine,  and  by  the  public  treaty  of  peace  between  the  courts  of 
Britain  and  France  in  the  year  one  thousand  seven  hundred  and  sixty-three,  unless 
by  act  of  the  legislature  one  or  more  governments  be  established  westwards  of  the 
Alleghany  Mountains. 

In  the  mean  time  a  grant  of  territory  had  been  made,  within  the  pres- 
ent limits  of  Virginia  and  West  Virginia,  which  caused  great  dissatis- 
faction to  the  people  of  the  Virginia  Colony,  and  which  ultimately  had 
an  important  bearing  in  settling  the  divisional  line  between  Maryland 
and  Virginia, 

In  the  21st  year  of  Charles  II  a  grant  was  made  to  Lord  Hapton  and 
others  of  what  is  called  the  northern  neck  of  Virginia,  which  was  sold 
by  the  other  patentees  to  Lord  Gnlpeper  and  confirmed  to  him  by  letters- 
patent  in  the  fourth  year  of  James  11.  This  grant  carried  with  it  noth- 
ing but  the  right  of  soil  and  incidents  of  ownership,  it  being  expressly 
subjected  to  the  jurisdiction  of  the  government  of  Virginia.  The  tract 
of  land  thereby  granted  was  '^  bounded  by  and  within  the  heads  of  the 
rivers  Tappahannock,  alias  Bappahannock,  and  Quiriough,  alias  Pato- 
mac,  rivers.^  On  the  death  of  Lord  Culpeper,  this  proprietary  tract 
descended  to  Lord  Fairfax,  who  had  married  Lord  Culpeper's  only 
daughter. 

As  early  as  1729  difficulties  sprung  up,  arising  from  couflicting  grants 
fix»m  Lord  Fairfax  and  the  Crown. 

In  1730  Virginia  petitioned  the  King,  reciting  that  the  head  springs 
of  the  ^Rappahannock  and  Potomac  Bivers  were  not  known,  and  pray- 
ing that  such  measures  might  be  taken  that  they  might  be  ascertained 
to  the  satisfaction  of  all  parties. 

In  1733  Lord  Fairfax  made  a  similar  petition,  asking  that  a  commis- 
sion might  issue  for  running  out,  marking,  and  ascertaining  the  true 
boundaries  of  his  grant. 

An  order,  accordingly,  was  issued  and  three  commissioners  were  ap- 
pointed on  the  part  of  the  Crown  and  three  on  the  part  of  Lord  Fairfax, 

(640) 


}ti 


90  BOU9DASIES  OF  THE  UNITED  STATES 

The  doty  wfaich  derol ved  upon  these  coiiiiiiisdioiierB  was  to  sseertain 
by  aetoal  examination  and  snrvey  the  lespectiTe  foontaiiis  of  the  Rap- 
pahannock and  Potomac  BiTers.    This  sanrey  was  made  in  1796L 

The  report  of  the  commissioners  was  referred  to  the  oonncfl  for  frfan- 
talion  alEftirs  in  1738,  who  reported  their  decision  in  1745,  as  follows, 
viz: 

•  •  •  Tbe  Mid  boonditfj  oogbi  to  begin  mi  the  fint  spring  of  tbe  aovth  Imiieh 
of  the  rirer  RAppnluuinock,  nod  thnt  the  anid  bonndnrj  be  firom  tlmiee  drawn  in  i 
Btrni^t  line  northwest  to  tbe  pUee  in  the  All^iinoy  Monntaina  where  Uint  put  «f 
the  Potomae  RiTer,  which  is  now  called  Coboniporoota,  first  risea.     »     •     • 

This  report  was  confirmed  by  the  King,  and  commissioners  were  ap- 
pointed to  mn  and  mark  the  dividing  line  accordingly. 

The  line  was  mn  in  1746.  On  the  17th  day  of  October,  1746,  they 
planted  the  Fairfax  stone  at  the  spot  which  had  been  described  and 
marked  by  the  preceding  commissioners  as  the  tme  head  spring  of  the 
Potomac  Biver,  aud  which,  notwithstanding  much  controversy,  has 
continued  to  be  regarded,  firom  that  period  to  the  present  time,  as  the 
soathem  point  of  the  western  boundary  between  Virginia  and  Mary- 
land. ( Vide  Faulkner's  Bei)ort  to  Governor  of  Virginia,  1832.  For  full 
details,  vide  Byrd  Papers,  1866,  Vol.  II,  p.  S3  et  seq.  Also  Hening's 
Ya.  Statutes.) 

This  tract  of  country  was  held  by  Lord  Fairfax  and  his  descendants 
many  years,  but  subsequent  to  the  Revolution  the  quitrents,  charges, 
etc.,  were  abolished  and  it  became  in  all  respects  subject  to  the  jnrts- 
dietion  of  Virginia.  ^ 

(For  the  history  of  the  settlement  of  the  boundary  lines  between  Vir- 
ginia aud  Maryland,  vide  Maryland,  p.  83.) 

(For  a  history  of  the  boundary  between  Virginia  and  Pennsylvania, 
vide  Pennsylvania,  p.  80.) 

Kentucky  formed  originally  a  part  of  the  county  of  Fincastle,  Vir- 
ginia. In  the  year  1776,  this  county  was  divided  into  three  counties, 
the  westernmost  of  which  was  called  Kentucky  County,  and  its  elistem 
boundary  was  declared  to  be  as  follows,  viz : 

A  line  beginniDg  on  the  Ohio,  at  the  month  of  Great  Sandy  Creek,  and  mnning 
np  the  same  and  the  main  or  northeasterly  branch  thereof  to  the  Great  LaniBl  Ridge 
or  Cumberland  Mountains ;  thence  southwesterly  along  the  said  mountain  to  the  line 
of  North  Carolina.    (See  Hen  lug's  Statutes,  Virginia,  Vol.  9,  p.  257.) 

Kentucky  having  been  admitted  into  tbe  Union  June  1, 1792,  com- 
missioners were  appointed  in  1798  by  Virginia  and  Kentucky  to  fix  the 
boundary.  In  1799-1800  the  commissioners'  report  was  made  and  rati- 
fled  by  the  States.    It  was  as  follows,  viz : 

To  begin  at  the  point  where  the  Carolina,  now  Tennessee,  line  crosses  the  top  of  the 
Cumberland  Mountains,  near  Cumberland  Gap,  thence  northeastwardly  along  the  top 
or  highest  part  of  the  said  CuiAberland  Mountain,  keeping  between  the  head  waten 
of  Cumberland  and  Kentucky  Rivers,  on  the  west  side  thereof,  and  the  head  waten 
of  PoweU's  and  Guest's  Rivers,  and  the  Pond  Fork  of  Sandy,  on  the  east  side  therof, 
oontinning  along  the  said  top,  or  highest  part  of  said  mountain,  crosaing  the  road 
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leading  over  the  Bame  at  the  Little  Paint  Gap,  where  by  some  it  is  called  the  Hollow 
MonntaiD  and  where  it  terminates  at  the  West  Fork  of  Sandy,  commonly  colled  Ras- 
seirs  Fork,  thence  with  a  line  to  be  ran  north  45^  east  till  it  intersects  the  other  great 
principal  branch  of  Sandy,  commonly  called  the  Northeastwardly  branch,  thence 
down  the  said  Northeastwardly  branch  to  its  jnnction  with  the  main  west  branch  and 
down  Main  Sandy  to  its  confluence  with  the  Ohio.  (See  Shepard's  Virginia,  Vol.  3> 
p.  234.) 

It  will  be  seen  that  the  latter  part  of  this  line  is  the  present  line  be- 
tween West  Virginia  and  Kentucky. 

(For  the  history  of  the  settlement  of  the  bonndarie^s  between  Virginia 
and  North  Carolina,  vide  North  Carolina,  vide  p.  94.) 

In  1779  Virginia  and  North  Carolina  appointed  commissioners  to  run 
the  boundary  line  between  the  two  States  west  of  the  Alleghany  Moun- 
tains, on  the  parallel  of  36^  3(K.  The  commissioners  were  unable  to 
agree  on  the  location  of  the  parallel ;  they  therefore  ran  two  parallel 
lines  two  miles  apart,  the  northern  known  as  Henderson's,  and  claimed 
by  North  Carolina,  the  southern  known  as  Walker's  line,  and  claimed 
by  Virginia.  In  the  year  1789  North  Carolina  ceded  to  the  United  States 
all  territory  west  of  her  present  boundaries,  and  Tennessee  being  formed 
from  said  ceded  territory,  this  question  became  one  between  Virginia  and 
Tennessee. 

Commissioners  having  been  appointed  by  Virginia  and  Tennessee  to 
establish  the  boundary,  their  report  was  adopted  in  1803,  and  was  as  fol- 
lows, viz : 

A  dne  west  line  equally  distant  from  hoth  Walker's  and  Henderson's^  beginning  on 
the  summit  of  the  mountain  generally  known  as  White  Top  Mountain,  where  the 
northeast  corner  of  Tennessee  terminates,  to  the  top  of  the  Cumberland  Mountain, 
where  the  southwestern  comer  of  Virginia  terminates. 

In  1871  Virginia  passed  an  act  to  appoint  commissioners  to  acyust  this 
line. 

Tennessee,  the  following  year,  in  a  very  emphatic  manner^  passed  a 
resolution  refusing  to  reopen  a  question  regarding  a  boundary  which  she 
considered  <<  fixed  and  established  beyond  dispute  forever."  (See  acts 
of  Tennessee,  1872.) 

Up  to  1783  Virginia  exercised  jurisdiction  over  a  large  tract  of  coun- 
try northwest  of  the  Ohio  Kiver.  But  by  a  deed  executed  March  1, 
1784,  she  ceded  to  the  United  States  all  territory  lying  northwest  of  the 
Ohio  Biver,  thus  making  her  western  boundary  the  west  bank  of  the 
Ohio  River. 

On  the  31st  of  December,  1862,  the  State  of  Virginia  was  divided, 
and  48  counties,  composing  the  western  part  of  the  State,  were  made 
the  new  State  of  West  Virginia.  By  an  act  of  Congress  in  1866,  con- 
sent was  given  to  the  transfer  of  two  additional  counties  from  Virginia 
to  West  Virginia, 

In  1873  and  1877  commissioners  were  appointed  by  each  State  to 
determine  the  true  boundaries  between  the  two  States,  and  the  General 

(547) 


92  BOUNDARIES   OP  THE   UNITED   STATES.  fmuVL 

Government  was  aaked  to  detail  ofiScers  of  engineers  to  act  with  said 
commissioners  in  sorveying  and  fixing  the  line. 

Until  their  report  is  at  hand,  the  boundary  can  only  be  fonnd  by  id- 
lowing  the  old  county  lines.  In  view  of  the  expectation  of  snch  report 
at  an  early  day,  it  has  not  been  thought  best  to  go  into  an  examination 
of  the  old  county  lines. 


WEST  VIRGINIA. 

This  State  was  set  off  from  Virginia  on  December  31, 1862.  It  was 
originally  formed  of  those  counties  of  Virginia  which  had  refiised  to 
join  in  the  secession  movement.  It  was  admitted  to  the  Union  as  a 
separate  State,  Jane  19, 1863.  It  originally  contained  the  following 
counties:  Barbour,  Boone,  Braxton,  Brooke,  Cabell,  Calhoun,  Clay, 
Doddridge,  Fayette,  Oilmer,  Oreenbrier,  Hampshire,  Hancock,  Hardy, 
Harrison,  Jackson,  Kanawha,  Lewis,  .Logan,  Marion,  Marshall,  Mason, 
McDowell,  Mercer,  Monongalia,  Monroe,  Morgan,  Nicholas,  Ohio,  Pen- 
dleton, Pleasants,  Pocahontas,  Preston,  Putnam,  Ealeigh,  Bandolph, 
Ritchie,  Boane,  Taylor,  Tucker,  Tyler,  Upshur,  Wayne,  Webster, 
Wetzel,  Wirt,  Wood,  Wyoming. 

In  1866  it  was  enlarged  by  the  two  counties  of  Berkeley  and  Jefferson, 
transferred  from  Virginia.  Its  boundary  with  Virginia  is  made  up  of 
boundary  lines  of  the  border  counties  above  enumerated ;  and  can  be 
defined  only  by  reference  to  the  laws  by  which  these  counties  were 
created.  In  the  constitution  of  1872,  after  a  recapitulation  of  the  coun- 
ties which  were  transferred  from  Virginia  to  West  Virginia,  is  found 
the  following  clause  defining  the  boundaries  upon  the  south  and  west: 

The  State  of  West  YlTginia  inclades  the  bed,  bank,  and  ahores  of  the  Ohio  River, 
and  80  mnch  of  the  Big  Sandy  Eiver  as  was  formerly  incladed  in  the  Commonwealth 
of  Virginia,  and  all  territorial  rights  and  property  in  and  jurisdiction  over  the  same 
heretofore  reserved  by  and  vested  in  the  Commonwealth  of  Yirgrinia,  are  Tested  in 
and  shall  hereafter  be  exercised  by  the  State  of  West  Virginia ;  and  snch  parts  of  the 
paid  beds,  banks,  and  shores  as  lie  opposite  and  acyoining  the  several  oonntiea  of  this 
State  shall  form  parts  of  said  several  counties  respectively. 


I  (For  a  history  of  the  boundaries  of  West  Virginia,  vide  Pennsylvania, 

p.  79  5  Maryland,  p.  83 ;  Virginia,  p.  88.) 


NORTH   CAROLINA. 

In  the  year  1663  the  '^  first  charter  of  Carolina "  was  granted,  which, 
two  years  later,  in  1665,  was  enlarged  by  the  ^^  second  charter  of  Oaro- 
Una." 
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The  following  extracts  from  these  two  charters  define  the  boandaries : 

Charter  of  Carolina,  1663. 

*  *    *    AU  that  territory  or  tract  of  ground,  scituate,  lying  and  being  within  onr 

dominions  of  America,  extending  from  the  north  end  of  the  island  called  Lucke  Island, 

which  lieth  in  the  Southern  Virginia  seas,  and  within  six  and  thirty  degrees  of  the 

northern  latitude,  and  to  the  west  as  far  as  the  south  seas,  and  so  southerly  as  far  as 

the  river  Saint  Matthias,  which  bordoreth  on  the  coast  of  Florida,  and  within  one  and 

thirty  degrees  of  northern  latitude,  and  so  west  in  a  direct  line  as  far  as  tbe  south  seas 

aforesaid.    •    •    • 

Charter  of  Carolina,  1665. 

*  *  *  All  that  province,  territory,  or  tract  of  land,  scituat-e,  lying  or  being  in 
our  dominions  of  America,  aforesaid,  extending  north  and  eastward  as  far  as  tfie  north 
end  of  Currituck  River,  or  inlet^  upon  a  strait  westerly  line  to  Wyonoke  Creek, 
which  lies  within  or  about  the  degrees  of  thirty-six  and  thirty  minutes,  northern  lat- 
itude, and  so  west  in  a  direct  line  as  far  as  the  south  seas.    •    *    * 

This  is  an  extension  of  the  charter  of  1663,  by  which  its  northern 
boundary  was  removed  from  the  approximate  latitude  of  36^  to  36^  3(K, 
on  which  parallel  it  is  now  approximately  established.  Although  the 
exact  year  in  which  the  division  of  the  pro^ance  of  Carolina  into  the 
two  provinces  of  North  and  South  Carolina  appears  somewhat  uncer- 
tain,  I  find  it  generally  put  down  as  1729.  The  division  line  between 
the  two  provinces,  North  and  South  Carolina,  appears  to  have  been 
established  by  mutual  agreement. 

In  the  constitution  of  North  Carolina  of  1776  this  line  is  defined  as 
shown  in  the  subjoined  extract: 

The  property  of  the  soil,  in  a  free  government,  being  one  of  the  essential  rights  of 
the  coUective  body  of  the  people,  it  is  necessary,  in  order  to  avoid  future  disputes, 
that  the  limits  of  the  State  should  be  ascertained  with  precision  ;  and  as  the  former 
temporary  line  between  North  and  South  Carolina  was  confirmed  and  extended  by 
commissioners  appointed  by  the  legislatures  of  the  two  States,  agreeable  to  the  order 
of  the  late  King  George  II  in  council,  that  line,  and  that  only,  should  be  esteemed 
the  southern  bouhdary  of  this  State;  that  is  to  say,  beginning  on  the  sea  side  at  a 
cedar  stake,  at  or  near  the  month  of  Little  River  (being  the  southern  extremity  of 
Brunswic  County),  and  running  from  thence  a  northwest  course  through  the  bound- 
ary house,  which  stands  in  thirty-three  degrees  fifty-six  minutes,  to  thirty-five  de- 
grees north  latitude,  and  from  thence  a  west  course  so  far  as  is  mentioned  in  the 
charter  of  King  Charles  II  to  the  late  proprietors  of  Carolina.  Therefore,  all  the 
territory,  seas,  waters,  and  harbours,  with  their  appurtenances,  lying  between  the 
line  above  described,  and  the  southern  line  of  the  State  of  Virginia,  which  begins 
on  the  sea  shore,  in  thirty-six  degrees  thirty  minutes  north  latitude,  and  from  thence 
runs  west,  agreeable  to  the  said  charter  of  King  Charles,  are  the  right  and  property 
of  the  people  of  the  State,  to  be  held  by  them  in  sovereignty,  any  partial  line,  with- 
out the  consent  of  the  legislature  of  this  State,  at  any  time  thereafter  directed  or 
laid  out  in  anywise  notwithstanding. 

On  December  2, 1789,  the  legislature  passed  an  act  ceding  to  the 
United  States  its  western  lands,  now  constituting  the  State  of  Tennes- 
see. On  February  25, 1790,  the  deed  was  offered,  and  on  April  2  of 
the  same  year  it  was  accepted  by  the  United  States, 
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III  the  Bevised  Statutes  the  north  and  soatli  boandaries  of  the  SUte 
Are  claimed  to  be  as  follows:  The  northern  boundary,  the  parallel  of 
36^  3(K;  the  southern  boundary,  a  line  running  northwest  from  Goat 
Island  on  the  coast  in  latitude  33^  5G'  to  the  parallel  of  35^,  and  theoee 
along  that  parallel  to  Tennessee;  while  the  western  boundary  is  tk 
Smoky  Mountains.  It  is  strange  that  the  Bevised  Statutes  should  ood* 
tain  such  a  statement  of  the  boundary  lines  when  it  is  thoroughly  well 
known  that  it  is  incorrect,  es]>ecially  as  regards  the  southern  boundary. 
In  the  case  of  the  northern  boundary  the  intention  has  been  from  the 
earliest  colonial  times  down  to  the  present  to  establish  a  line  upon  the 
parallel  of  36°  30'.  This  is  found  to  bo  the  wording  of  every  legislative 
act  relating  to  it,  and  the  errors  of  this  boundary  are  due  simply  to 
errors  in  surveying  and  location.  The  following  brief  and  comprebeo- 
sive  sketch  of  the  north  and  south  boundary  lines  of  this  State,  and  of 
the  various  attempts  made  to  locate  them,  is  taken  from  Professor  Ken^ 
"Geology  of  North  Carolina,"  vol.  1,  page  2: 

''The  first  and  only  serioas  attempt  to  ascertain  the  northern  boundary  was  th*l 
made  in  1728,  by  Col.  Wm.  Byrd,  and  others,  commissioners  on  the  part  of  the  two 
colonies,  acting  under  Royal  authority.  From  the  account  given  by  Byrd  of  this 
undertaking,  it  appears  that  they  started  from  a  point  on  the  coaat  whose  position 
they  determined  by  observation  to  be  in  36°  3L\  north  latitude,  and  ran  due  west 
(correcting  for  the  variation  of  the  compass),  to  Nottoway  River,  where  they  made 
an  offset  of  a  half  mile  to  the  mouth  of  that  stream,  again  running  west.  The  line 
was  run  and  marked  24*2  miles  from  the  coast,  to  a  point  in  Stokes  County,  on  the  op- 
per  waters  of  the  Dan  River  (on  Peter's  creek)  the  North  Carolina  commissionen 
accompanying  the  party  only  about  two-thirds  of  the  distance.  Beyond  this  point, 
the  line  was  carried  some  90  miles  by  another  joint  commission  of  the  two  colonies  in 
1749 ;  this  survey,  terminating  at  Steep  Rock  Creek,  on  the  east  of  St-oue  Mountain, 
and  near  the  present  northwest  corner  of  the  State,  was  estimated  to  be  329  miles  from 
the  coast.  In  1779  the  line  was  taken  up  again  at  a  point  on  Steep  Rock  Creek,  de- 
termined by  observation  to  be  on  the  parallel  of  2€P  30'  (the  marks  of  the  previoos 
survey  having  disappeared  entirely),  and  carried  west  to  and  beyond  Bristol,  Tenn- 
essee. This  last  is  known  as  the  Walker  line,  from  one  of  the  commissioners  of  Vir- 
ginia. 

These  lines  were  run  and  the  latitude  observations  taken  with  very  imperfect  in- 
struments, and  the  variation  of  the  compass  was  little  understood,  so  that  it  was  not 
possible  to  trace  a  parallel  of  latitude.  The  line,  besides,  was  only  markc<l  on  the 
trees  and  soon  disappeared,  and  as  the  settlements  were  very  scattered  the  loca- 
tion soon  becaaio  a  matter  of  vague  tradition  and  presently  of  contention  and  litigs- 
tion,  so  that  in  1858,  at  the  instance  of  Virginia,  commissioners  were  appointed  to  re- 
locate the  lino  from  the  end  of  the  Byrd  survey  westward,  but  for  some  reajion  tbey 
did  not  act.  In  1870  commissioners  were  again  appointed  by  Virginia  and  similar 
action  asked  on  the  part  of  this  State ;  and  the  proposition  was  renewed  in  1^1,  bat 
ineffectually,  as  before.  In  all  these  numerous  attempts  to  establish  the  line  of  divis- 
ion between  the  two  colonies  and  States,  the  intention  and  the  specific  instructions 
have  been  to  ascertain  and  mark,  as  the  boundary  of  the  two  States,  tkt  pamUel «/ 
36^  30'.  The  maps  published  towards  the  end  of  last  century  by  Jefferson  and  others 
give  that  parallel  as  the  line,  and  the  bill  of  rights  of  North  Carolina  claims  that 
'•  all  the  territory  lying  between  the  line  above  described  (the  line  between  North 
and  South  Carolina)  and  the  southern  line  of  the  State  of  Virginia,  which  begins  on 
\,}ie  sea  shore  in  36^  30*  porth  latitude,  and  from  thence  ^ns  west,  agreeably  to  the 
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charter  of  King  Charles,  are  the  right  and  jk-operty  of  this  State."  Bat  it  appears 
from  the  operations  of  the  United  States  Coast  Survey  at  hoth  ends  of  the  line  that 
the  point  of  beginning  on  Cnrritnok  Inlet,  instead  of  being,  as  so  constantly  assumed, 
in  latitude  26°  30^,  or  as  determined  by  the  surveyors  in  1728,  36°  31'  is  36°  33'  15'', 
and  the  western  end  (of  "the  Walker  line,"  of  1779,  at  Bristol,  Tenn.)  36°  34'  25.5". 
It  is  stated  in  Byrd's  Journal  that  the  variation  of  the  compass  was  ascertained  to  be 
a  little  less  than  3^  W.  [The  magnetic  chart  of  the  United  States  Coast  Survey 
would  make  it  3°  £.]  And  no  account  is  given  of  any  subsequent  correction,  and  if 
none  was  made  at  the  end  of  the  line  surveyed  by  him  the  course  would  have  been  in 
error  by  nearly  3^,  as  the  amount  of  variation  in  this  State  changes  a  little  more  than 
1^  for  every  100  miles  of  easting  or  westing.  So  that  the  northern  boundary  of  the 
State  as  run  is  not  only  not  the  parallel  of  36^  30',  but  is  far  from  coincident  with 
any  parallel  of  latitude,  and  must  be  a  succession  of  curves,  with  their  concavities 
northward  and  connected  at  their  ends  by  north  and  south  offsets. 

The  southern  boundary  between  this  State  and  South  Carolina  and  Georgia  was 
first  established  by  a  Joint  colonial  commission  in  1735  to  1746.  The  commissioners 
run  a  line  from  Goat  Island  on  the  coast  (in  latitude  330  5ff  as  supposed)  NW  to  the 
parallel  of  35°,  according  to  their  observations,  and  then  due  west  to  within  a  few 
miles  of  the  Catawba  River,  and  here,  at  the  old  Salisbury  and  Charleston  road,  turned 
north  along  that  road  to  the  southeast  comer  of  the  Catawba  Indian  Lands.  This 
line,  resurveyed  in  1764,  was  afterwards  (in  1772)  continued  along  the  eastern  and 
northern  boundaries  of  the  Catawba  lands  to  the  poiiit  where  the  latter  intersects  the 
Catawba  River ;  thence  along  and  up  that  river  to  the  mouth  of  the  South  Fork  of  the 
Catawba,  and  thence  due  west,  as  supposed,  to  a  point  near  the  Blue  Ridge.  This 
part  of  the  line  was  resurveyed  and  confirmed  by  commissioners  under  acts  of  as- 
sembly of  1803, 1804, 1806, 1813, 1814,  and  1815,  and  continued  west  to  and  along  the 
Saluda  Mountains  and  the  Blue  Ridge  to  the  intersection  of  the  ''Cherokee  bound- 
ary "  of  1797,  and  thence  in  a  direct  line  to  the  Chatooga  River  at  its  intersection  with 
the  parallel  of  35^.  From  this  point  the  line  was  run  west  to  the  Tennessee  line,  be- 
tween this  State  and  Georgia,  in  1807,  and  confirmed'and  established  by  act  of  1819. 

The  boundary  between  this  State  and  Tennessee  was  run,  according  to  the  course 
designated  in  the  act  of  1789,  entitled  "An  act  for  the  purpose  of  ceding  to  the  United 
States  certain  western  lands  therein  described"  (the  State  of  Tennessee) ;  that  is,  along 
the  crest  of  the  Smoky  Mountains,  from  the  Virginia  line  to  the  Cataluohe  River  (in 
Haywood  County),  in  1799,  under  act  of  1796.  It  was  continued  from  this  point  to  the 
(Georgia  line  in  1821.  The  commissioners  who  completed  this  line,  at  the  date  last- 
mentioned,  instead  of  following  their  instructions,  diverged  from  the  crest  of  the 
Smoky  (Unaka)  Mountains  at  the  intersection  of  the  Hiwassee  turnpike,  and  run  due 
Bouik  to  the  Georgia  line,  thereby  losing  for  the  State  the  valuable  mining  region 
since  known  as  Ducktown. 

And  as  to  the  southern  boundary,  the  point  of  beginning  on  Goat  Island  is  in  latitude 
330  51'  37",  as  shown  by  the  Coast  Survey,  and  instead  of  running  from  Goat  Island 
northwest  to  latitude  of  35^  and  thence  along  that  parallel,  it  appears,  from  the 
South  Carolina  Geographical  State  Survey  6f  1821-^25,  that  the  course  from  the  start- 
ing point  is  N.  47°  30*  W.,  and  instead  of  pursuing  the  parallel  of  35°  it  turns 
west  about  10  miles  south  of  that  line,  and  then  on  approaching  the  Catawba  River, 
turns  northward  pursuing  a  zigzag  line  to  the  forks  of  the  Catawba  River,  which  is 
about  12  miles  north  of  that  parallel ;  and  from  this  point  to  the  mountains  the 
boundary  line  (of  1772)  runs,  not  west,  but  N.  88^  W.,  bringing  its  western  end  about 
17  miles  too  far  north,  and  reaching  the  (supposed)  parallel  of  35°  at  a  distance  of 
about  130  miles  east  of  the  Catawba  River.  The  loss  of  territory  resulting  from  these 
singular  deviations  is  probably  between  500  and  1,000  square  miles. 
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defines  the  eastern  boondary  of  that  State,  which  is  tiie  western  bound* 
ary  of  North  Carolina,  as  it  was  intended  to  be  ran  and  marked : 

BegpnniDg  od  the  extreme  height  of  the  Stone  Mountain  at  the  plaee  when  tbi 
line  of  Viripnia  intersects  it  in  latitude  thirty-six  degrees  and  thirty  minatesiiorik; 
running  thence  along  the  extreme  height  of  the  said  moontain  to  the  plaoe  iHwn 
Watanga  River  breaks  through  it :  thence  a  direct  course  to  the  top  of  the  TeDov 
Mountain,  where  Bright's  road  crosses  the  same;  thence  alon^^  the  ridge  of  rnH 
mountain  between  the  waters  of  Doe  River  and  the  waters  of  Sock  Cre^,  totbi 
place  where  the  road  crosses  the  Iron  Mountain ;  from  thenoe  along  the  extnow 
height  of  said  mountain  to  where  Nolichucky  River  runs  thiongh  the  same;  tiieooeto 
the  top  of  the  Bald  Mountain ;  thence  along  the  extreme  height  of  said  monntsiii  to 
the  Painted  Rock  on  French  Broad  Rive; ;  thence  along  the  highest  ridge  of  aiid 
mountain  to  the  place  where  it  is  called  the  Great  Iron  or  Smoky  Moantain;  ^baam 
along  the  extreme  height  of  said  mountain  to  the  place  where  it  is  called  Unieoior 
Unnka  Mountain  between  the  Indian  tovms  of  Cowee  and  Old  Chota;  thenoe alaog 
the  main  ridge  of  the  said  mountain  to  the  southern  boundary  of  this  State  as  d^ 
scribed  in  the  act  of  cession  of  North  Carolina  to  the  United  States  of  America. 

In  1879  the  legislature  passed  an  act  to  appoint  commissioners  to 
make  a  survey  from  the  northeast  comer  of  Georgia  westward.  This 
point  of  oomiiieucemeut  is  common  to  North  Carolina,  Sontfa  Garalinay 
and  Georgia. 

In  1881  the  legislature  passed  another  act,  providing  for  the  appoint- 
ment of  a  commissioner,  who  should  act  with  commissioners  fix>m  Vir- 
ginia, South  Carolina,  Georgia,  or  Tennessee,  to  re-mn  and  re-mark  the 
boundaries  between  North  Carolina  and  the  other  States. 


SOUTH   CAROLINA. 

The  territory  included  in  the  present  State  of  Soath  Carolina  was 
included  in  the  charter  of  Carolina,  which  also  embraced  what  is  now 
the  State  of  Georgia.    ( Vide  North  Carolina,  p.  93.) 

In  1729  the  province  of  Carolina  was  divided,  forming  the  two  prov- 
inces of  North  Carolina  and  South  Carolina  In  1732  the  extent  of 
Sonth  Carolina  wtbS  reduced  by  the  charter  of  Georgia  ( Vide  Gfeorgia, 
p.  97.) 

(For  a  history  of  the  settlement  of  the  boundary  between  North  Car- 
olina and  South  Carolina,  vide  North  Carolina,  p.  93.) 

By  the  charter  of  Georgia  the  line  between  South  Carolina  and  Geo^ 
gia  was  to  be  the  Savannah  Biver,  to  the  head  thereofl  In  1762  diCBcnl- 
ties  having  arisen,  concerning  the  interpretation  of  the  charter,  as  re- 
garded the  head  of  the  Savannah,  and  also  the  title  to  the  lands  south 
of  the  Altamaha  Biver,  Georgia  made  complaint  to  the  King,  who 
issued  a  proclamation  in  1763  giving  the  lands  between  the  AltamiJia 
and  Saint  Mary's  Bivers  to  Georgia.  The  question  of  the  boundary  on 
the  Savannah,  however,  remained  unsettled  until  1787,  when  a  oonyeii- 
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tion  between  the  two  States  was  held  at  Beaufort,  8.  C,  to  determine 
the  same,  and  the  line  was  fixed  as  at  present. 
The  following  is  an  extract  from  the  articles  of  agreement: 

The  most  northern  branch  or  stream  of  the  river  Savannah  from  the  sea  or  month 
of  snch  stream  to  the  fork  or  conflnence  of  the  riters  now  called  Tngaloo  and  Keowa, 
and  from  thence  the  most  northern  branch  or  stream  of  the  said  river  Tngaloo  tiU  it 
intersects  the  northern  boundary  line  of  South  Carolina,  if  the  said  branch  or  stream 
of  'I\igaloo  extends  so  far  north,  reserving  all  the  islands  in  the  said  rivers  Savannah 
and  Tugaloo  to  (Georgia ;  but  if  the  head  spring  or  source  of  any  branch  or  stream  of 
the  said  river  Tugaloo  does  not  extend  to  the  north  boundary  line  of  South  Carolina, 
then  a  west  line  to  the  Mississippi,  to  be  drawn  from  the  head  spring  or  source  of  the 
said  branch  or  stream  of  Tugaloo  River  which  extends  to  the  highest  northern  latitude, 
shall  forever  hereafter  form  the  separation,  limit,  and  boundary  between  the  States 
of  South  Carolina  and  G^rgia.    (Laws  of  the  United  States,  Vol.  I,  p.  466.) 

In  the  same  year  Sonth  Oarolina  ceded  to  the  United  States  a  nar- 
row strip  of  territory  south  of  the  North  Oarolina  line,  which  she  claimed, 
about  12  or  14  miles  wide,  and  extending  to  the  Mississippi  Biver ;  this 
strip  now  forms  the  northern  portion  of  Georgia,  Alabama,  and  Missis- 
sippi. Georgia  being  thus  increased  in  extent  northwardly,  the  line 
between  the  two  States  is  clearly  expressed  in  the  code  of  Bouth  Garo- 
lina,  as  follows,  viz: 

The  Savannah  River,  from  its  entrance  into  the  ocean  to  the  confluence  of  the  Tug- 
aloo and  Eeowa  Eivers ;  thence  by  the  Tugaloo  Biver  to  the  confluence  of  the  Tugaloo 
and  Chatooga  Eivers;  thence  by  the  Ghatooga  River  to  the  North  Carolina  line  in 
the  thirty-fifth  degree  of  north  latitude,  the  line  being  low-water  mark  at  the  south- 
ern shore  of  the  most  northern  stream  of  said  rivers,  where  the  middle  of  the  rivers 
is  broken  by  islands,  and  middle  thread  of  the  stream  where  the  rivers  flow  in  one 
stream  or  volume. 


GEORGIA. 

Georgia  was  included  in  the  proprietary  charter  granted  to  the  lords 
proprietors  of  Carolina  in  1663  and  1665,  for  which  a  provincial  charter 
was  substituted  in  1719. 

In  1732  the  charter  of  Georgia  as  an  independent  colony  was  granted 
by  King  George  II,  of  which  the  following  is  an  extract: 

AH  those  lands,  countrys,  and  territories  situate,  lying  and  being  in  that  part  of 
South  Carolina,  in  America,  which  lies  from  the  most  northern  part  of  a  stream  or 
river  there,  commonly  called  the  Savannah,  all  along  the  sea-coast  to  the  southward, 
nnto  the  most  southern  stream  of  a  certain  other  great  water  or  river  called  the  Al- 
tamaha,  and  westerly  from  the  heads  of  the  said  rivers,  respectively,  in  direct  lines 
to  the  south  seas. 

This  chai'ter  was  surrendered  in  1752  and  a  provincial  government 
established.    (().  &  G.,  p.  369  et  seq.) 

In  1763  the  territory  between  the  Altamaha  and  Saint  Mary's  Bivers 

was  ailded  to  Georgia  by  royal  proclamation.    {Vide  South  Oarolina, 

p.  96.) 
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In  the  oonstitation  adopted  by  Georgia  in  1798  the  bouudaries  aie 
declared.    The  following  is  an  extract  therefrom : 

The  limits,  boundaries,  jnriadioiionB,  and  aathority  of  the  State  of  Georgia  do,iDd 
did,  and  of  right  onght  to  extend  from  the  sea  or  month  of  the  river  Savannah  slong 
the  northern  branch  or  stream  thereof,  to  the  fork  or  conflnence  of  the  rivers  nov 
called  Tagalo  and  Keowee,  and  from  thence  along  the  most  northern  branch  or  stream 
of  the  said  river  Tagalo,  till  it  intersect  the  northern  boundary  line  of  Sonth  Caro- 
lina, if  the  said  branch  or  stream  of  Tagalo  extends  so  far  north,  reserving  all  the 
islands  in  the  said  rivers  Savannah  and  Tagalo  to  Geoigia ;  bat  if  the  head,  spring,  or 
sonroe  of  any  branch  or  stream  of  the  said  river  Tagalo  does  not  extend  to  the  nortli 
boundary  line  of  South  Carol iua,  then  a  west  line  to  the  Mississippi,  to  be  drawn 
from  the  head,  spring,  or  source  of  the  said  branch  or  stream  of  Tngalo  River,  which 
extends  to  the  highest  northern  latito<ie ;  thence  down  the  middle  of  the  said  riyer 
Mississippi,  until  it  shall  intersect  the  northernmost  part  of  the  thirty-first  degree  of 
north  latitude,  south  by  a  line  drawn  due  east  from  the  termination  of  the  line  last  men- 
tioned, in  the  latitude  of  thirty-one  de^^rees  north  of  the  equator,  .to  the  middle  of 
the  rfver  Apalachicola  or  Chatahoochee ;  thence  along  the  middle  thereof,  toits  jonc- 
tion  with  Flint  River ;  thence  straight  to  the  head  of  Saint  Mary's  River,  and  thenee, 
along  the  middle  of  Saint  Mary's  River,  to  the  Atlantic  Ocean,  and  from  thence  to 
the  mouth  or  inlet  of  Savannah  River,  the  place  of  beginning,  including  and  com- 
prehending all  the  lands  and  waters  within  the  said  limits,  bonndaries,  and  jorisdie- 
tional  rights;  and  also  all  the  islands  within  twenty  leagues  of  the  sea-coaat. 

In  1802  Georgia  entered  into  articles  of  agreement  and  cession  witii 
the  United  States,  whereby  Georgia  ceded  to  the  United  States  tlie 
lands  west  of  her  present  boandaries,  and  the  United  States  ceded  to 
Georgia  that  part  of  the  Sonth  Carolina  cession  of  1787  which  lies  east 
of  the  present  western  boundary  of  Georgia.  The  following  extracts 
show  the  limits  of  the  two  cessions : 

The  State  of  Georgia  cedes  to  the  United  States  all  the  right,  title,  and  claim  which 
the  said  State  has  to  the  jurisdiction  and  soil  of  the  lands  situated  within  the  bound- 
aries of  the  United  States,  south  of  the  State,  of  Tennessee  and  west  of  a  line  begin- 
ning on  the  western  bank  of  the  Chatahouchee  River  where  the  same  crosses  the 
boundary  line  between  the  United  States  and  Spain ;  running  thence  np  the  said  river 
Chatahouchee,  and  along  the  western  bank  thereof  to  the  great  bend  thereof,  next 
above  the  place  where  a  certain  creek  or  river,  called  '^Uchee"  (being  the  first  con- 
siderable stream  on  the  western  side,  above  the  Cussetas  and  Coweta  towns),  empties 
into  the  said  Chatahouchee  River ;  thence  in  a  direct  line  to  Nicki^ack,  on  the  Ten- 
nessee River ;  thence  crossing  the  said  last-mentioned  river,  and  thenoe  running  up 
the  said  Tennessee  River  and  along  the  western  bank  thereof  to  the  sonthem  bound- 
ary line  of  the  State  of  Tennessee. 

•  •••••  • 

The  United  States  •  •  •  cede  to  the  State  of  Georgia  *  *  *  the  landa 
*  *  *  situated  south  of  the  southern^  boundaries  of  the  States  of  Tennessee,  North 
Carolina,  and  Sonth  Carolina,  and  east  of  the  boundary  line  herein  above  described 
as  the  eastern  boundary  of  the  territory  ceded  by  Georgia  to  the  United  Statesi 

For  a  history  of  the  boandary  between  Georgia  and  Sonth  GaroliDa, 
vide  Sonth  Carolina,  p.  96. 

The  history  of  the  boundary  between  North  Carolina  and  G^rgiahas 
already  been  given  (vide  North  Carolina,  p.  95).    It  may  be  proper,  how- 
ever, to  add  that  this  line  (the  thirty-fifth  degree  of  north  latitude)  was. 
fixed  by  the  cession  above  detailed,  from  the  United  States  to  Georgia 
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of  that  part  of  the  Soath  GaroliDa  cession  east  of  the  present  western 
boundary  of  Georgia. 

A  long  controversy  ensued  between  Georgia  and  North  Carolina,  with 
,uo  results,  however,  until  in  1810  Georgia  empowered  her  governor  to 
employ  Mr.  Andrew  Ellicott  to  ascertain  the  true  location  of  the  thirty- 
fifth  degree  of  latitude.  Ellicott  did  so,  and  the  point  fixed  by  him 
was  acquiesced  in.    ( Vide  Cobb's  Georgia  Digest,  p.  150.) 

The  boundary  between  Georgia  and  Tennessee  was  established  in  1818, 
and  is  as  follows,  viz :  The  thirty-fifth  parallel  of  north  latitude,  begin- 
ning and  eudiug  as  follows: 

Begin uiiig  at  a  point  in  the  true  parallel  of  the  thirty-fifth  degree  of  north  latitado, 
tM  fonnd  by  James  Conuack,  mathematician  on  the  part  of  the  State  of  Georgia,  and 
James  S.  Gainen,  uiathematician  on  the  part  of  the  State  of  Tennessee,  on  a  rock  al>out 
two  feet  high,  fonr  inches  thick,  and  fifteen  inches  broad,  engraved  on  the  north  side 
Ihus :  "  Jnne  Ist,  1818 ;  var.  6f  east,"  and  on  the  sonth  side  thns :  "  Geo.  35  North ;  J. 
Cormack,"  which  rock  stands  one  mile  and  twenty-eight  poles  from  the  sonth  bank  of 
the  Tennessee  River,  due  sonth  from  near  the  center  of  the  old  Indian  town  of  Nicka- . 
jack,  and  near  the  top  of  tho  Niokajack  Moantain,  at  the  supposed  comer  of  the  State 
of  Georgia  and  Alabama;  thence  running  due  east,  leaving  old  D.  Roes  two  miles  and 
eighteen  yards  in  the  Slate  of  Tennessee,  and  leaving  the  house  of  John  Ross  about 
two  hundred  yards  in  tho  State  of  Georgia,  and  the  house  of  David  McNair  one  mile 
and  one-fourth  of  a  mile  in  the  State  of  Tennessee,  with  blazed  and  mile-marked  trees, 
lessening  the  variation  of  the  compass  by  degrees,  closing  it  at  the  termination  of  tho 
line  on  tho  top  of  the  Unicoi  Mountain  at  five  and  ono-half  degrees.  (  Vide  C.  Stat,  of 
Tenn.,  pp.  24;J-244.) 

The  boundary  between  Georgia  and  Florida  was  fixed  by  the'treaty 
of  1783,  between  the  United  States  and  Great  Britain,  substantially  as  at 
present,  viz:  Commencing  in  the  middle  of  the  Apalachicola  or  Gata- 
houchc  River,  on  the  thirty-first  degree  of  north  latitude;  thence  along 
the  middle  thereof  to  its  junction  with  the  Flint  River;  thence  straight 
to  the  bead  of  Saint  Mary's  Eiver,  and  thence  down  along  the  middle 
of  Sciint  Mary's  River  to  the  Atlantic  ocean  {vide  Treaty  of  1783).  This 
boundary  was  affirmed  by  the  treaty  of  1795  between  the  United  States 
and  Spuiu,  and  commissiouers  were  appointed  to  run  the  entire  line 
between  the  United  States  and  the  Spanish  territory.  ( Vide  Treaty  of 
1795.) 

In  1819  Spain  ceded  the  Floridas  to  the  United  States.  In  1822  Flor- 
ida  was  made  a  Territory  and  in  1825  was  admitted  into  the  Union  as 
an  independent  State. 

In  182G  Congress  took  action  as  indicated  below : 

UNITED  STATES  STATUTES  AT  LARGE,  KIKETEENTH  CONQRESS,  8ES8IOK  I,  1826. 

AN  ACT  to  Mithorise  the  President  of  the  United  States  to  ran  and  mark  aline  dividing  the  Territory 

of  Florida  from  the  State  of  Georgia. 

The  line  shall  be  run  straight  from  the  Junction  of  said  rivers  Chataboochie  and 
Flint,  to  the  point  designated  as  the  head  of  Saint  Mary's  River. 

This  bound  try  ne  wa  long  unsettled,  a  controversy  arising  concern- 
ing the  tnie  point  to  be  considered  to  be  the  head  of  the  Saint  Mary's 
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Biver,  as  Georgia  contended  that  the  point  fixed  upon  by  the  Spaiiiik 
and  American  commisBioners  under  the  treaty  of  1795  was  iDooirect 

In  1859  commissioners  were  appointed  by  Georgia  and  Elorida  to  reran 
the  line.    Florida  ratified  their  report  in  1861,  and  Geor^^a  in  1866. 

The  detailed  report  of  the  commissioners  is  not  at  band,  bnt  the  line  is 
declared  in  the  statutes  of  Georgia  as  follows,  viz : 


From  a  point  on  the  western  bank  of  the  Chattahochee  RiTer  in  the  Slat  degret 
of  north  latitude;  theiice  along  the  line  or  limit  of  high- water  mark  to  its  JanotMn 
with  the  Flint  River;  tbenoe  along  a  certain  line  of  survey  made  by  Goatavoa  J.  Orr, 
a  surveyor  on  the  part  of  Georgia,  and  W.  Whitner,  a  surveyor  on  the  part  of  FleridSi 
beginning  at  a  four-and-aft  tree,  about  four  chains  below  the  present  Jnnetioii ;  thenM 
along  this  line  east,  to  a  point  designated  thirty-seven  links  north  of  EUieetl^ 
Mound  on  the  St.  Mary's  River;  thence  along  the  middle  of  said  liTer  to  the  Allaotie 
Ocean.    ( Vide  Code  of  Ga.,  1873,  p.  7.) 

This  line  is  also  given  in  the  code  of  Florida,  and  di£Fer8  in  one  re- 
spect, viz,  from  the  thirty-first  degree  of  north  latitude  down  the  middle 
of  said  river  to  its  confluence  with  the  Flint  Biver,  ete.  ( Vide  Code  of 
Flonda,  1872.) 

The  line  between  Georgia  and  Alabama  was  fixei  by  the  act  of  ces- 
sion of  Georgia  to  the  United  States  in  18Q2. 

In  1822-'25,  Georgia  desiring  to  have  the  line  run  from  the  Chatta- 
hoochee to  where  it  strikes  the  Tennessee  line,  appointeii  commisrionen 
for  that  purpose,  and  requested  the  co-operation  of  Alabama  and  the 
United  States,  both,  however,  failing  to  take  action.  The  Georgia  com- 
missioners ran  the  line  from  Nickajack,  on  the  Tennessee  line,  to  Mil- 
ler's Bend,  on  the  Chattahoochee.  (For  a  history  of  the  controversy  con- 
cerning this  line,  vide  laws  of  Georgia,  1822-'24-'25-^26.) 
•  Alabama  protested  against  the  above  line  and  made  repeated  elforts 
to  reopen  negotiations  concerning  it,  to  all  which  Georgia  sturdily  re- 
fused to  accede,  until  finally,  January  24, 1840,  the  legislature  of  Ala- 
bama passed  the  following  joint  resolution,  viz : 

Beaolvedf  That  the  State  of  Alabama  will,  and  do,  hereby  accept,  as  the  t  me  dlyidiog 
line  between  this  State  and  that  of  Georgia,  the  line  which  was  mn  and  marked  oat 
by  the  commissioners  of  Georgia  in  1826,  beginning  at  what  is  called  Miller's  Bend, 
on  the  Chattahoochee  Eiver ;  thence  along  said  marked  line  to  Nicki^ack. 

The  line  is  given  in  the  code  of  Alabama  in  the  following  words,  viz: 

The  boundary  line  between  Alabama  and  Georgia  commences  on  the  west  side  of 
the  Chattahoochee  River  at  the  point  where  it  enters  the  State  of  Florida;  frooi 
thence  np  the  river,  along  the  western  bank  thereof,  to  the  point  on  Miner's  Bend 
next  above  the  place  where  the  Uchee  Creek  empties  into  such  river ;  thenoe  in  a  di- 
rect line  to  Nick^iack.    (See  code  of  Alabama,  1876^  p.  189.) 

In  James's  Hand-book  of  (Georgia,  1876,  p.  121,  is  the  following  de- 
scription of  the  westera  boundary  of  (Georgia,  viz : 

From  Nicki^ack  the  line  between  Georgia  and  Alabama  mns  sonth  9^  30'  east  to 
Miller's  Bend,  on  the  Chattahoochee  River,  about  146  miles ;  thence  down  the  wesien 
bank  of  the  river  at  high-water  mark  to  its  junction  with  Flint  Biver,  at  a  point  now 
four  chains  below  the  actual  junction,  latitude  30°  42^  42",  longitude  80^  53^  l&\ 
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FLORIDA. 

Florida  was  originally  settled  by  the  Spaniards,  and  was  held  as  a 
Spanish  province  nearly  two  hundred  years.  In  1762  it  was  ceded  by 
Spain  to  Oreat  Britain,  who  divided  it  into  the  two  provinces  of  Bast  and 
West  Florida,  separated  by  the  Appalachicola  River,  with  a  northern 
boundary  substantially  as  at  present.  {Vide  Fairbanks'  History  of 
Florida.) 

In  1783  Great  Britain  retroceded  Floiida  to  Spain,  and  the  northern 

"boundary  was  fixed  by  the  treaty  of  peace  between  the  United  States 

and  Great  Britain  signed  in  the  same  year.    Spain,  however,  claimed 

the  territory  as  far  north  as  the  parallel  of  latitude  of  the  mouth  of  the 

Yazoo  River. 

Previous  to  this,  in  1763,  France  had  ceded  Louisiana  to  Spain,  which 
Spain  retroceded  to  France  in  1800,  and  in  1803  France  ceded  the  same 
to  the  United  States,  who  claimed  that  the  eastern  boundary  of  the 
said  province  of  Louisiana,  so  often  ceded,  was  the  Perdido  River,  while 
Spain  claimed  it  to  be  the  Iberville  River  and  Lakes  Maurepas  and  Pont^ 
chartrain.  The  controversy  arising  from  the  difference  of  interpreta- 
tion of  these  various  treaties  and  cessions  was  terminated  by  the  treaty 
of  Washington  in  1819,  whereby  Spain  ceded  to  the  United  States  the 
provinces  of  East  and  West  Florida. 

'Jn  March  30, 1822,  by  an  act  of  Congress,  the  territory  ceded  to  the 
United  States  by  Spain  was  made  the  ^*  Territory  of  Florida,"  embrac- 
ing the  same  extent  as  does  the  present  State. 

On  March  3,  1845,  Florida  was  admitted  into  the  Union  as  an  inde- 
pendent State. 

(For  a  history  of  the  northern  boundary  of  Florida  vide  Georgia,  p.  99.) 

In  1831  Congress  passed  an  act  relating  to  the  boundary  between 
Florida  and  Alabama,  of  which  the  following  is  an  extract: 

AN  ACT  to  MoerUln  aod  mftrk  the  line  between  the  State  of  AlAhuna  and  the  Territory  of  Florldn, 
and  the  northern  boundary  of  the  State  of  UlinoiB,  and  for  other  pnrpoees. 

That  the  Preaident  of  the  United  St-ates  be,  and  he  is  hereby,  anthorir/ed  to  canM 
to  be  mn  and  marked  the  boundary  line  between  the  State  of  Alabama  and  the  Ter- 
ritory of  Florida,  by  the  survey ora-general  of  Alabama  and  F.orida,  on  the  thirty- 
first  degree  of  north  latitude. 

( Vide  U.  S.  Stat,  at  Large,  Vol.  IV,  p.  4:9. ) 

In  1847  the  agreement  of  commissioners  previously  appointed  by  Flor- 
ida and  Alabama  was  ratified,  and  the  line  is  described  as  follows,  viz: 

Commencing  on  the  Chattahoochee  River  near  a  place  known  as  "  Irwin's  Mills" 
and  running  west  to  the  Perdido,  marked  throughout  by  blazes  on  the  trees,  and  also 
by  mounds  of  earth  thrown  up  on  the  line  u t  distances  of  one  mile,  moie  or  leas,  from 
each  other,  and  commonly  known  as  "  Ellicott's  Line,*'  or  the  '*  Mound  Line."  (  VUk 
Florida  Code,  ISTJ,  p.  100.) 
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The  line  between  the  two  States  is  given  in  general  terms  in  tlie 
Florida  Code  as  follows,  viz : 

Mft 

CommeDcing  at  the  month  of  the  Perdido  Eiyer,  from  thence  up  the  middle  of  wid 
riyer  to  where  it  intersects  the  sonth  boundary  line  of  the  State  of  Alabama  and  ti» 
thirty-first  degree  of  north  latitade ;  then  due  east  to  the  Chattahoochee  Biver. 


In  1798  the  United  States  formed  the  Territory  of  Mississippi,  includ- 
ing— 

AU  that  tract  of  country  bounded  on  the  west  by  the  Mississippi,  on  the  north  by 
a  line  to  be  drawn  due  east  from  the  mouth  of  the  Yasous  to  the  Chattahonchee  SiTer, 
on  the  east  by  the  Chattahouohee  River,  and  on  the  south  by  the  thirty-first  degree  of 
north  latitude.    (Vide  U.  S.  Stat,  at  Large,  Vol.  I,  p.  549.) 

In  this  act  was  a  clause  reserving  the  right  of  Georgia  and  of  indi- 
viduals to  the  jurisdiction  of  the  soil  thereof. 

South  Garolina  and  Georgia  having  ceded  to  the  United  States  their 
claim  to  territory  west  of  their  present  limits,  the  General  Government, 
I  in  1804,  by  an  act  of  Congress,  annexed  the  tract  of  country  lying 

north  of  Mississippi  Territory  and  south  of  the  State  of  Tennessee,  and 
j  bounded  on  the  ea«t  by  Georgia  and  west  by  Louisiana,  to  the  Terri- 

tory of  Mississippi.  {Vide  D.  S.  Stat,  at  Large,  V^ol.  II,  p.  305.)  Also 
in  1812  the  United  States  added  to  Mississippi  Territory  all  the  lands 
lying  east  of  Pearl  Biver,  west  of  the  Perdido  and  south  of  the  thirty- 
first  degree  of  latitude.    ( Vide  U.  S.  Stat,  at  Large,  Vol.  II,  p.  734.) 

By  these  additions  the  Territory  of  Mississippi  was  made  to.  comprise 
what  is  now  included  in  the  two  States  of  Alabama  and  Mississippi 
On  March  8, 1817,  by  an  act  of  Congress  the  Territory  of  Alabama  was 
formed  firom  the  eastern  portion  of  the  Territory  of  Mississipj^  with 
the  following  boundaries,  viz: 

Beginning  at  the  point  where  the  line  of  the  thirty-first  degree  of  north  latitade 
intersects  the  Perdido  Riyer ;  thence  east  to  the  western  boundary  line  of  the  State 
of  Qeorgia;  thence  along  said  line  to  the  southern  boundary  line  of  the  State  of  Ten- 
.  nessee ;  thence  west  along  said  boundary  line  to  the  Tennessee  River ;  thence  up  the 
same  to  the  mouth  of  Bear  Creek;  thence  by  a  direct  line  to  the  northwest  comer  of 
Washington  County ;  thence  due  south  to  the  Gulf  of  Merico;  thence,  eastwardly,  in- 
cluding all  the  islands  within  6  leagues  of  the  shore,  to  the  Perdido  River;  and  ihenoe 
up  the  same  to  the  beginning.    (  Vide  U.  S.  Stat,  at  Large,  Yol.  HI,  p.  371.) 

On  December  14,  1819,  Alabama  was  admitted  as  an  independent 
State,  with  the  above  boundaries.  It  was,  however,  made  the  duty  of 
the  surveyor  of  the  public  lands  south  of  Tennessee  and  the  surveyor 
of  lands  in  Alabama  Territory  to  run  and  cut  out  the  line  of  demarear 
tion  between  the  two  States  of  Alabama  and  Mississippi,  and  if  it 
should  appear  to  said  surveyors  that  so  much  of  the  line  designated  as 
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runniDg  dae  soath  from  the  northwest  comer  of  WashingtoD  County  to 
the  Galf  of  Mexico  shoald  encroach  on  the  coanties  of  Wayne,  Oreene, 
nud  Jackson,  in  the  State  of  Mississippi,  then  the  same  shoald  be  al- 
tered so  as  to  ran  in  a  direct  line  from  the  northwest  corner  of  Wash- 
ington County  to  a  point  on  the  Oulf  of  Mexico  10  miles  east  of  the 
mouth  of  the  River  Pascagoula.  ( Vide  U.  8.  Stat,  at  Large,  Vol.  Ill, 
p.  490.) 

(For  the  history  of  the  boundaries  between  Alabama  and  Oeorgia 
vide  Georgia,  p.  98.  For  the  history  of  the  boundaries  between  Ala- 
bama and  Florida,  vide  Florida,  p.  101.) 

The  boundary  between  Alabama  and  Tennessee  is  th» thirty- fifth  par- 
allel of  north  latitude  {vide  North  Carolina,  p.  94) ;  from  Nicksgack 
(vide  Georgia,  p.  98)  west  across  the  Tennessee  Biver,  and  on  to  the  sec- 
ond intersection  of  said  river  by  said  parallel.  ( Vide  Alabama  Code, 
1876,  p.  189.) 

The  boundary  between  Alabama  and  Mississippi  was  to  be  run  by 
surveyors,  under  the  act  of  admission  of  Alabama.  The  report  of  said 
surveyors  is  not  at  hand,  but  the  line  as  laid  down  in  the  Mississippi 
Code  is  a«  follows,  viz : 

Beginning  at  a  point  on  the  west  bank  of  the  Tennessee  River,  six  foar-pole  chains 
f outh  off  and  above,  the  month  of  Teliow  Creek ;  thence  np  the  said  river  to  the 
mouth  of  Bear  Creek;  thence  by  a  direct  line  to  what  was  formerly  the  northwest 
corner  of  Washington  County,  Alabama ;  thence  in  a  direct  line  to  a  point  ten  miles 
east  of  the  Pascagoula  Biver,  on  the  Gnlf  of  Mexico.    (  Ftde  Mississippi  Code,  pp.  48, 49). 


MISSISSIPPI. 

(For  the  early  history  of  the  extent  of  Mississippi  Territory  vide  Ala- 
bama, p.  102.)  • 

On  December  10, 1817,  the  western  part  of  the  Mississippi  Territory 
was  made  a  State  and  admitted  into  the  Union,  with  the  following 
boundaries,  viz : 

B<'ginniiig  on  the  river  Mississippi  at  the  point  where  the  southern  boundary  of 
the  State  of  Tenner  ee  strikes  the  same ;  thence  e%Bt  along  the  said  boundary  line  to 
the  Tennessee  Biver;  thence  up  the  same  to  the  month  of  Bear  Creek;  thence  by  a 
direct  line  to  the  northwest  comer  of  the  county  of  Washington ;  thence  due  south 
to  the  Gulf  of  Mexico;  thence  westwardiy,  including  all  the  islands  within  six  leagues 
of  the  shore,  to  the  most  eastern  Junction  of  Pearl  River  with  Lake  fiorgneij  thence 
up  said  river  to  the  thirty-first  degree  of  north  latitude ;  thence  west  along  said  de- 
gree of  latitude  to  the  Mississippi  River ;  thcuc^  np  the  same  to  jthe  beginning. 
( Vide  U.  8.  Stat,  at  Large,  Vol.  Ill,  p.  348.) 

( For  farther  information  concerning  eastern  boundary ,  vide  Alabama, 
p.  102.) 

In  1810  the  line  between  Mississippi  and  Tennessee  was  ran  by  com- 
missioners.   Their  report  is  not  at  hand.    In  1833  the  legislature  of 
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TeDoessee  passed  an  act  establishing  <<  Thompson's  line."  The  details 
of  '^Thompson's  line"  have  not  been  found.  In  1837  the  line  was  again 
run  by  commissioners  from  the  two  States,  and  ratified  by  the  legis- 
latures.   The  commissioners'  report  was  as  follows,  viz: 

Commencing  at  a  point  on  the  west  bank  of  the  Tennessee  River  six  four-pole 
chains  sontb,  or  above  the  month  of  Yellow  Creek,  and  about  three-qnarten  of  a  mik 
north  of  the  line  known  as  **  Thompson's  line/'  and  twenty-six  chains  and  ten  links 
north  of  Thompson's  line  at  the  basis  meridian  of  the  Chickasaw  surveys,  and  ts- 
minating  at  a  point  on  the  east  bank  of  the  Mississippi  River  (opposite  Cow  Xsland) 
sixteen  chains  north  of  Thompson's  line.    (See  Laws  of  Tennessee,  1837,  p.  27.) 

The  boundaries  were  fixed  by  the  act  of  Congress  admitting  the  State 
of  Mississippi,  as  follows,  viz : 

Commencing  at  the  most  east-em  junction  of  Pearl  River  with  Lake  Borgnc,  thence 
np  said  Pearl  River  to  the  thirty-first  degree  of  Dorth  latitude,  thence  west  along 
said  degree  of  latitude  to  the  Mississippi  River,  thence  up  the  same  to  the  point  whexe 
the  southern  boundary  of  Tennessee  strikes  the  same.  (See  U.  8.  Laws,  voL  6,  p. 
175.) 

MiAsissippi  claims  to  the  middle  of  the  Mississippi  Biver,  where  the 
I'ivor  fotms  her  western  boundary.    (See  Bev.  Stat.,  1857.) 


LOUISIANA. 

The  original  territory  of  Louisiana  was  acquired  firom  France  (see  p. 
19).  In  1804,  a  portion  of  this,  comprising  the  area  of  the  present 
State  of  Loaisiana,  with  the  exception  of  the  southeastern  portion  im- 
mediately adjoining  the  present  State  of  Florida,  was  organized  into  a 
territory  under  the  name  of  Orleans,  while  the  balance  of  the  Louis- 
iana purchase  retained  the  name  of  Louisiana  Territory.  On  April  30, 
1812,  the  Territory  of  Orleans  was  admitted  as  a  State  under  the  name 
of  Louisiana,  and  at  the  same  time  the  name  of  the  Territory  of  Louis- 
iana was  changed  to  Missouri  Territory.  In  the  same  year  the  limits  of 
the  State  were  enlarged  in  the  southeast  to  its  present  boundaries. 

The  following  act  defines  the  Territory  of  Orleans : 

All  that  portion  of  country  ceded  by  France  to  the  United  States,  under  the  name 
of  Louisiana,  which  lies  south  of  the  Mississippi  territoryi  and  of  an  east  and  west 
line  to  commence  on  the  Mississippi  River  at  the  thirty-third  degree  of  north  latitude, 
and  to  extend  west  to  the  western  boundary  of  the  said  cession,  sbaU  constitute  .t 
Territory  of  the  United  States,  under  the  name  of  the  Territory  of  Orleans.  (Eighiii 
Congress,  first  session.) 

The  following  clause  from  the  act  admitting  Louisiana  defines  its 
original  boundaries : 

Beginning  at  the  mouth  of  the  river  Sabiue,  thence  by  a  line  to  be  drawn  along 
the  middle  of  said  river,  iucludiog  all  islands,  to  the  thirty-second  degree  of  latitude; 
thence  due  north  to  the  northernmost  part  of  the  thirty-third  degree  of  north  lati- 
tude ;  thence  along  the  said  parallel  of  latitude  to  the  river  Mississippi ;  thenoe  down 
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the  said  river  to  the  river  Iberville ;  and  from  thence  along  the  middle  of  the  said  riveir 
and  lakes  Maarepas  and  Pontchartrain  to  the  Gulf  of  Mexico;  thence,  bonnded  by 
the  said  Galf,  to  the  place  of  beginning,  including  all  islands  within  three  leagues  of 
the  coast.    (Twelfth  Congress,  first  session.) 

The  following  is  a  description  of  the  addition  to  the  Slate  of  Louisi- 
ana, in  terms  of  the  act : 

Beginning  at  the  Junction  of  the  Iberville  with  the  river  Mississippi,  thence  along 
the  middle  of  the  Iberville,  the  river  Amite,  and  of  the  lakes  Maarepas  and  Pontchar- 
train, to  the  eastern  mouth  of  the  Pearl  River ;  thence  up  the  eastern  branch  of  Pearl 
River  to  the  thirty-first  degree  of  north  latitude ;  thence  along  the  said  degree  of  lat- 
itude to  the  river  Mississippi ;  thence  down  the  said  river  to  the  place  of  beginning, 
shall  become  and  form  a.  part  of  the  State  of  Louisiana.  (Twelfth  Congress,  first 
session.) 


TEXAS. 

Texas  declared  its  independence  of  Mexico  in  1835.  On  December 
29y  1845,  it  was  admitted  to  the  Union.  As  originally  constituted,  it 
embraced  besides  its  present  area  the  region  east  of  the  Bio  Grande, 
now  in  New  Mexico,  extending  north  to  the  Arkansas  Biver^  its  eastern 
limits  coinciding  with  the  western  limit  of  the  United  States,  as  laid 
down  in  the  treaty  with  Spain  of  1819. 

In  1848,  the  eastern  boundary  of  the  State  was  extended  slightly,  as 
noted  in  the  following  act : 

Be  it  enacted  by  the  Senate  and  Houee  of  Sepreeentativea  of  the  United  Statee  of  Amerioa 
in  Congreee  assembled,  That  this  Congress  consents  that  the  legislature  of  the  State  of 
Texas  may  extend  her  eastern  boundary  so  as  to  include  within  her  limits  one-half  of 
Sabine  Pass,  one-half  of  Sabine  Lake,  also  one-half  of  Sabine  River,  from  its  mouth 
as  far  north  as  the  thirty-second  degree  of  north  latitude. 

In  1850,  the  State  sold  to  the  General  Oovernment,  for  the  sum  of 
410,000,000,  that  part  lying  north  of  the  parallel  of  36o  30^  and  that 
portion  lying  west  of  longitade  103^,  as  far  souths  as  the  parallel  of  32<^, 
as  set  forth  in  the  following  claase  from  the  act  of  Congress  relating 
to  this  transfer : 

First.  The  State  of  Texas  will  agree  that  her  boundary  on  the  north  shaU  commence 
at  the  point  at  which  the  meridian  of  one  hundred  degrees  west  from  Qreenwioh  is 
intersected  by  the  parallel  of  thirty-six  degrees  thirty  minutes  north  latitude,  and 
shall  run  from  said  point  due  west  to  the  meridian  of  one  hundred  and  three  degrees 
west  from  Qreenwich  ;  thence  her  boundary  shall  run  due  south  to  the  thiity-seoond 
degree  of  north  latitude ;  thence  on  the  said  parallel  of  thirty-two  degrees  of  north 
latitude  to  the  Rio  Bravo  del  Norte,  and  thence  with  the  channel  of  said  river  to  the 
Gulf  of  Mexico.    (Thirty-first  Congress,  first  session.) « 

The  following  act  defines  the  northern  boundary  of  Texas : 

AK  ACT  to  aathorise  the  Preaident  of  the  Uoited  SUtet,  in  ooi^anctlon  with  the  State  of  Texas,  to 
run  and  mark  tho  boundary  linea  between  the  Territoriee  of  the  United  States  and  the  State  of 
Texas. 

Beginning  at  the  point  where  the  one  hundredth  degree  of  longitude  west  from 
Qreenwich  crosses  Red  River,  uod  running  thence  north  to  the  point  where  said  one 
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hDndiedtbdegTMofloDgitadeintenecta  the  parallel  of  thirty-six  degrees  tfairtj  mit 
att*  Dortb  latitode,  and  thence  west  with  the  said  parftUel  of  thirty-bix  degne*  ud 
thirt;  iiiiaDt««  north  latitude  to  the  point  where  it  intereeots  the  one  faandrcd  ud 
third  degree  of  longitude  ireet  from  Greenwioh ;  and  thenc«  south  with  the  uid  cue 
hnndred  and  third  degree  of  longitude  to  the  thirty-second  parallel  of  DOrih  Utitndei 
and  thence  weJE  with  said  thirty-second  degree  of  north  latitade  to  tlie  Bio  Qnndb 
(Thirtj-flfth  Cong.,  Bret  session.') 

The  bonndar;  tine  of  Texas  ia  as  lbllow3 : 

Beginning  in  the  Golf  of  Mexico,  at  the  outlet  of  Sabine  I-ak«,  the  line  paon 
northward  tbrongb  the  middle  of  Sabine  Lake  and  np  the  middle  of  SabineiUTulo 
the  point  where  said  river  intersecta  the  parallel  of  thirt;-two  degraea ;  tbenceitcnk 
along  the  meridian  of  that  point  of  inlerMCtion  U>  the  point  where  said  meridian  iit' 
teiBects  Bed  Biver;  tbence  np  Red  Biver  to  the  one  hundredth  meridian  weit  of 
Qr«eDwiob ;  tbenoe  north  on  said  meridian  to  the  parallel  of  tbirty-six  dqcreaa  thiftj 
minutes;  westonsaidparallelto  the  meridianof  one  hundred  and  three  degree*  wertoT 
Oreenwich ;  tbence  south  on  said  meridian  to  the  parallel  of  latitnde  of  32°;  tbcnee 
west  on  that  parallel  to  lis  point  of  intersection  with  tbe  Bio  Qnuide ;  theoos  down 
the  mid-«hannol  of  the  Rio  Qrande  to  Its  mouth. 


ABKAK8AS 

The  Territory  of  ArkaDSoe,  or  ArkaDsaw,  as  it  was  originally  spelled, 
was  formed  on  March  2, 1819,  from  a  part  of  Missouri  Territory.  The 
following  clause  from  the  act  establishing  it  de&nea  its  limits  in  part: 

All  that  port  of  the  Territory  of  Missouri  which  lies  south  of  a  line  beginning  on 
the  Mississippi  River  at  thirty-six  degrees  north  latitade,  mnning  tbence  west  to  ths 
River  St.  Franfois,  tbenco  up  the  same  to  JG°  30'  north  latitade,  and  thence  west  ta 
the  wentem  t«Tritorial  bonnd.iry  line,  shall,  for  the  purposes  of  a  Territotial  gonm- 
.meot,  constitute  a  separate  Territory  and  be  called  the  Arkansaw  Territory. 

Id  1824  an  act  was  passed  by  GoDgress  fixing  the  western  bonndacy 
of  tbe  Territory.    This  was  as  follows : 

AN  ACT  to  flx  tbe  wmt«Tn  bonnd«y  line  of  ths  Terribor;  of  ArknoHiL  ODd  for  dHuir  purpciw. 

The  weBt«m  bonudnry  lino  of  tbe  Territory  of  A rbnusan  shall  begiu  .it  n  puiiil 
forty  miles  west  of  the  soiithweat  corner  of  fho  Slate  of  Missouri  ;ind  nm  euiitli  lo 
the  riglit  bank  of  tbe  Bed  Biver,  and  thcnco  duwn  the  river  anil  with  ttie  Mexican 
boundary  to  the  line  of  the  State  of  Louisiana. 

Foot  years  later,  in  1828,  the  following  act  was  passed  defining  its 
soatfaeni  boondary : 

jkTk  atlse  dividing  the  Tml- 

Commenoing  on  tbe  right  bank  of  the  Mississippi  River  at  latitade  thirty-three 
degrees  norib  and  running  due  west  on  that  parallel  of  latitnde  to  where  a  line  ran- 
niogdue  north  from  latitudu  thirty -two  degrees  north  on  tleSabine  Biver  will  inter- 
sect tbe  same. 

The  same  year  the  following  treaty  changed  materially  the  westem 
line  of  the  Territory,  pUicing  it  in  its  present  position. 
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TREATY  WITH  THE  CHEROKEE  INDIANS  MAY  28,  1828. 

Article  1. — The  western  boundary  of  Arkansas  shall  be,  and  the  same  is,  hereby 
defined,  viz  :  A  line  shall  bo  run,  commencing  on  Red  kiver  at  the  point  where  the 
Eastern  Chootaw  line  strikes  said  river,  and  run  due  north  with  said  line  to  the  River 
Arkansas ;  thence  in  a  line  to  the  southwest  comer  of  Missouri. 

The  Eastern  Choctaw  line,  referred  to  above,  starts  on  the  Arkansas 
Biver,  *^one  hundred  paces  west  of  Fort  Smith,  and  thence  due  south  to 
the  Red  Eiver.^    (Treaty  with  Choctaw  Nation,  January  20, 1826.) 

Arkansas  was  admitted  as  a  State  June  15, 1836. 

The  following  extracts  from  the  enabling  act,  and  from  various  con- 
stitutions, give  .statements  of  the  boundaries,  differing  slightly  from 
one  another,  but,  for  the  most  part,  only  in  wording: 

CONSTITUTION  OF  ABKAKBAB,  1836. 

Beginning  in  the  middle  of  the  main  channel  of  the  Mississippi  River  on  the  parallel 
of  36  degrees  north  latitude ;  running  from  thence  west  with  the  parallel  of  latitude 
to  the  Saint  Francis  River;  thence  up  the  middle  of  the  main  channel  of  said  river  to 
the  parallel  of  thirty-six  degrees  thirty  minutes  north ;  from  thence  west  to  the 
southwest  comer  of  the  State  of  Missouri ;  and  from  thence  to  he  bounded  on  the  west 
to  the  north  bank  of  Red  River,  as  by  acts  of  Congress  and  treaties  heretofore  defining 
the  western  limits  of  the  Territory  of  Arkansas,  and  to  be  bounded  on  the  south  side  of 
Red  River  by  the  Mexican  boundary  line  to  the  northwest  comer  of  the  State  of 
Louisiana :  thence  east  by  the  Louisiana  state  line  to  the  middle  of  the  main  channel 
of  the  Mississippi  River ;  thence  up  the  middle  of  the  main  channel  of  said  river  to 
the  thirty-sixth  degree  of  north  latitude,  the  point  of  beginning. 

Again,  in  the  enabling  act  for  Arkansas,  1836  (Twenty-fourth  Con- 
gress, first  session),  the  boundaries  are  found  to  be  defined  as  follows : 

Beginning  in  the  middle  of  the  main  channel  of  the  Mississippi  River,  on  tfie 
parallel  of  thirty-six  degrees  north  latitude,  running  from  thence  west,  with  the  said 
parallel  of  latitude,  to  the  St.  Francis  River;  thence  up  the  middle  of  the  main  channel 
of  said  river  to  the  parallel  of  thirty-six  degrees  thirty  minutes  north ;  from  thence 
west  to  the  southwest  comer  of  the  State  of  Missouri ;  and  from  thence  to  be  bounded 
on  the  west,  to  the  north  bank  of  Red  River,  by  the  Hue  described  in  the  first  article 
of  the  treaty  between  the  United  States  and  the  Cherokee  Nation  of  Indians,  west  of 
the  Mississippi,  made  and  concluded  at  the  city  of  Washington,  on  the  twenty-sixth 
day  of  May,  in  the  year  of  our  Lord  one  thousand  eight  hundred  and  twenty -eight ; 
and  to  be  bounded  on  the  south  side  of  R(*d  River  by  the  Mexican  boundary  line  to 
the  northwest  comer  of  the  State  of  Louisiana;  thence  east  with  the  Louisiana  state 
line  to  the  middle  of  the  main  channel  of  the  Mississippi  River ;  thence  up  the  middle 
of  the  main  channel  of  the  said  river  to  the  thirty -sixth  degree  of  north  latitude,  the 
point  of  beginning. 

In  the  constitution  of  1864  the  boundaries  are  defined  as  follows : 

Beginning  in  the  middle  of  the  Mississippi  River,  on  the  parallel  of  thirty-six  de- 
grees north  latitude,  to  the  St.  Francis  River ;  thence  up  the  middle  of  the  main  chan- 
nel of  said  river  to  the  parallel  of  thirty-six  degrees  thirty  minutes  north,  thence 
west  to  the  southwest  comer  of  the  State  of  Missouri ;  and  from  thence  to  be  bounded 
on  the  west  to  the  north  bank  of  Red  River,  as  by  acts  of  Congress  of  the  United 
States,  and  the  treaties  heretofore  defining  the  western  limits  of  the  Territory  of  Ar- 
kansas ;  and  to  be  bounded  pn  the  south  side  of  Red  River  by  the  boundary  Une  of  the 
State  of  Texas,  to  the  northwest  corner  of  the  State  of  Louisiana ;  thence  east  with 
the  Louisiana  state  line  to  the  middle  of  the  main  channel  of  the  MlBsissippi  River; 
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thenoe  np  the  middle  of  the  main  channel  of  aaid  river  to  the  thirty-eixth  degiw  of 
north  latitade,  the  point  of  beipnning. 

The  ooDBtitotion  of  1868  diflfers  bat  slightly  from  the  last.  It  is  » 
follows : 

Beginning  at  the  middle  of  the  main  channel  of  the  Mioaissippi  RiTer,  on  the  p•^ 
allel  of  90°  north  latitude,  mnniDg  from  thenoe  weet,  with  the  said  parallel  of  liti- 
tnde,  to  the  Saint  Francis  River ;  thence  np  the  middle  of  the  main  channd  of  aid 
river  to  the  parallel  of  3G°  SO'  north ;  from  thence  west  with  the  boondazjline  of  (fa 
State  of  MisBonri  to  the  soothwest  comer  of  that  State ;  and  thenoe  to  he  hooodedds 
the  west  to  the  north  haok  of  Bed  River,  as  by  acts  of  Congress  and  treaties  benii' 
fore  defining  the  western  limits  of  the  Territoiy  of  Arkansas ;  and  to  be  bouidedoB 
the  sonth  side  of  Red  River  by  the  boundary  line  of  the  State  of  Texas  to  the  north* 
west  comer  of  the  State  of  Louisiana ;  thence  east  with  the  Louisiana  State  lino  to 
the  middle  of  the  main  channel  of  the  Mississippi  River;  thenoe  np  the  middle  of  the 
main  channel  of  said  river,  including  an  island  in  said  river  known  as  "  Belle  Pout 
Island,''  to  the  3G°  of  north  latitude,  the  place  of  beginning. 

Id  the  constitation  of  1874  there  are  again  slight  differences^  mainly 
in  wording. 

Beginning  at  the  middle  of  the  main  channel  of  the  Mississippi  River,  on  the  por- 
allel  of  thirty-six  degrees  of  north  latitude;  running  thence  west  with  said  psialM 
of  latitude  to  the  middle  of  the  main  channel  of  the  Saint  Francia  River;  thenoe  sp 
the  main  channel  of  said  last-named  river  to  the  parallel  of  thirty-six  degrees  thiitj 
minutes  of  north  latitude ;  thence  west  with  the  southern  boundary  line  of  the  Stati 
of  Missouri  to  the  southwest  comer  of  said  last-named  States  thenoe  to  be  boasded 
on  the  west  to  the  north  bank  of  Red  River,  as  by  act  of  Congress  and  treaties  ezist- 
ing  January  1,  1837,  defining  the  western  limits  of  the  Territory  of  Arkansas  and  to 
be  bounded  across  and  south  of  Red  River  by  the  boundary  line  of  the  State  of  TexM 
as  fur  as  to  the  northwest  corner  of  the  State  of  Louisiana ;  thence  easterly  with  tbo 
northern  boundary  line  of  said  last-named  State,  to  the  middle  of  the  main  channel  of 
the  Mississippi  River ;  thence  up  the  middle  of  the  main  channel  of  said  last-naDod 
river,  including  an  island  in  said  river  known  as  **  Belle  Point  Island,"  and  all  other 
land  originally  surveyed  and  included  as  a  part  of  the  Territory  or  State  of  ArkaoMo 
to  the  thirty-sixth  degree  of  north  latitude,  the  place  of  beginning. 


TENNESSEE. 

Tennessee  was  originally  a  part  of  North  Oarolina.  (For  fbrther  id- 
formation  vide  North  Oarolina,  p.  92.) 

In  1790  it  was  ceded  to  the  United  States.  Its  boundaries  described 
in  the  act  of  cession  are,  sabstantially,  those  of  the  present  day. 

On  Jnue  1, 1796,  by  an  act  of  Congress  it  was  admitted  into  the  UnioiL 

The  act  of  admission  declares  its  boundaries,  as  ^^All  the  territory 
ceded  by  North  Carolina." 

(For  the  history  of  the  eastern  boundary  vide  North  Carolina,  p.  94; 
for  the  southern  boundary  vide  Georgia,  p.  99,  Alabama,  p.  103,  and  Mis- 
sissippi, p.  103.) 

The  Mississippi  Biver  forms  its  western  boundary  under  the  treaty  of 
peace  of  1783. 
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The  line  which  divided  Virginia  and  North  Carolina  was  the  south- 
em  boundary  of  Kentucky.  Virginia  and  North  Oarolina*  prior  to  the 
creation  of  the  States  of  Kentucky  and  Tennessee,  appointed  commis- 
sioners, Messrs.  Walker  and  Henderson,  to  run  and  mark  the  line  on 
the  parallel  of  latitude  36^  3(K.  From  a  point  on  the  top  of  the  Cum- 
berland Mountains,  now  the  southeastern  comer  of  •Kentucky,  Walker 
ran  and  marked  the  line  to  a  point  on  the  Tennessee  Biver.  This  line, 
called  Walker's  line,  was  regarded  for  many  years  as  the  dividing  line 
between  Kentucky  and  Tennessee.  It  was  ascertained,  however,  that 
Walker's  line  was  north  of  latitude  36^  3(K. 

The  Indian  title  to  the  land  west  of  the  Tennessee  Biver  being  ex- 
tinguished by  the  treaty  of  1819,  the  legislature  appointed  Bobert 
Alexander  and  Luke  Munsell  to  ascertain  the  trae  point  of  latitude  36c> 
W  on  the  Mississippi  Biver,  and  to  run  and  mark  a  line  east  on  that 
parallel,  which  was  done  as  fior  east  as  the  Tennessee  Biver.  (For  above, 
see  Oen.  Stat.  Ky.,  1873,  p.  167.) 

In  1820  commissioners  were  appointed  by  Kentucky  and  Tennessee, 
respectively,  to  settle  the  boundary.  Their  report  was  ratified,  and  is  as 
follows,  viz : 

Abt.  L  The  line  of  boundary  And  aepanition  between  the  States  of  Kentucky  and 
Tennessee  shall  be  as  follows,  viz : 

The  line  rnn  by  the  Virginia  commissioners  in  the  year  1779-'80y  commonly  called 
Walker's  line,  as  the  same  is  reputed,  understood,  and  acted  upon  by  the  si^d  States, 
their  respective  officers  and  citisens,  from  the  southeastern  comer  of  Kentucky 
to  the  Tennessee  Biver ;  thence  with  and  up  said  river  to  the  point  where  the  line  of 
Alexander  and  Munsell,  run  by  them  in  the  last  year  under  the  authority  of  an  act 
of  the  legislature  of  Kentucky  entitled  "  An  act  to  run  the  boundary  line  between 
this  State  and  the  State  of  Tennessee,  west  of  the  Tennessee  Biver,  approved  Feb. 
8, 1819,''  would  cross  said  river,  and  thence  with  the  said  line  of  Alexander  and  Mun- 
seU,  to  the  termination  thereof  on  the  Mississippi  Biver  below  New  Madrid. 

Then  follow  nine  other  articles. 

Article  III  provides  for  running  and  marking  the  line  at  any  subse- 
quent time.    (See  General  Stat.  Kentucky,  page  170.) 

In  1858-^59  commissioners  were  appointed  by  Kentucky  and  Tennes- 
see to  run  this  line. 

The  detailed  report  can  be  found  in  Statutes  of  Tennessee,  1871,  Vol. 
I,  pages  223-243,  giving  courses,  bearings,  mile-stones  erected,  and  a  map 
of  the  boundary. 

(For  a  history  of  the  boundary  between  Virginia  and  Tennessee,  tide 
Virginia,  p.  91.) 

KENTUCKY. 

Kentucky  was  included  in  the  original  limits  of  Virginia,  and  was  a 
part  of  the  county  of  Augusta.  Augusta  County  was  formed  in  1738. 
In  1769  Botetourt  County  was  created  from  a  portion  of  Augusta  County ; 
In  1772,  Fincastle  from  Botetourt;  in  1776,  Kentucky  from  Fincastle. 
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The  boandaiies  of  all  these  counties  may  be  fiNmd  in  Hening^  Lm 
of  Yirgioia,  Vols.  I  to  IX. 

In  1789  Virginia  passed  an  act  giving  h^  oonaaot  tliiftt  liie  coasty  tf 
Kentacky,  within  her  jarisdiction,  shoold  be  formed  into  a  new  Stilt 
Accordingly,  Jnne  1,  1792,  Kentncky  was  admitted  into  the  Uiui, 
with  sabstantially  her  present  boondaries. 

By  the  cession  of  1784,  by  Virginia  to  the  United  States,  <rf  thet» 
tory  northwest  of  the  Ohio  Biver,  this  river  became  the  northwest  booA- 
ary  of  the  State  of  Kentncky. 

The  western  boundary,  the  Mississippi,  was  fixed  by  the  troi^of 
X>eace  in  1783. 

(For  a  history  of  the  bonndary  between  Kentacdcy  and  Vlrgmia  aid 
West  Virginia,  vide  Virginia,  p.  90,  for  the  boimdary  between  Kffli*«*y 
and  Tennesfliee,  vide  Tennessee,  p.  109-) 


omo. 

Ohio  was  the  first  State  formed  from  the  original  territory  northwest 
of  the  river  Ohio.  It  was  admitted  as  a  State  on  Novemb^  29, 1SQ2, 
with  limits  given  in  the  enabling  act  as  follows : 

Boanded  on  the  east  by  the  Pennsylyania  line,  on  the  soath  by  the  Ohio  SiTar,  to 
the  month  of  the  Great  Miami  River,  on  the  west  by  the  line  drawn  dae  norih  iiOB 
the  mouth  of  the  Great  Miami  aforesaid,  and  on  the  north  by  an  east  uid  west  line 
drawn  through  the  southerly  extreme  of  Lake  Michigan,  running  east  after  intv- 
secting  the  due-north  line  aforesaid,  from  the  mouth  of  the  Great  MIawii  nntu  it  afaaU 
intersect  Lake  Erie  or  the  territorial  line ;  and  thenoe  with  the  same  throngli  Like 
Krie  to  tho  Pennsylvania  line  aftiresaid :  Pr&videdf  That  Congress  shall  be  aft  libertj 
at  any  time  hereafter  either  to  attach  ali  the  territory  lying  eaat  of  the  line  to  be 
drawn  due  north  from  the  mouth  of  the  Miami  aforesaid  to  the  territorial  line,  sad 
north  of  an  east  and  west  line  drawn  through  the  southerly  extreme  of  Liake  Michigan, 
running  east  as  aforesaid  to  Lake  Erie,  to  the  aforesaid  State,  or  disj[K>se  of  it  otbe^ 
wise,  iu  conformity  to  the  fifth  article  of  compact  between  the  original  States  and 
the  people  and  States  to  be  formed  in  the  territory  nori;hwest  of  the  river  OhiA. 
(Seventh  Congress,  first  session.) 

In  the  constitution  of  Ohio  of  1802,  Article  Ylly  the  boandariee  are 
defined  as  follows: 

r  ) 

;{  Bounded  on  the  east  by  the  Pennsylvania  line;  un  the  south  by  the  Ohio  Biver,  to 

'  the  month  of  the  Great  Miami  River;  on  the  west  by  the  line  drawn  dae  north  firam 

I  tho  mouth  of  the  great  Miami  aforesaid ;  and  on  the  north  by  an  eaat  and  west  line 

drawn  through  the  southerly  extreme  of  Lake  Michigan,  running  east  alter  inter- 

I  secting  the  due  north  line  aforesaid  from  the  month  of  the  Qreat  Miami,  until  it  sfcrall 

intersect  Lake  Erie  or  the  territorial  line ;  and  thence  with  the  same  through  Lake 
Erie  to  the  Pennsylvania  line  aforesaid  ;  provided  always,  and  it  is  hereby  fidly  un- 
derstood and  declared  by  this  convention,  that  if  the  southerly  bend  or  extreme  of 
I  Lake  Michigan  should  extend  so  far  south  that  a  line  drawn  due  east  from  it  ahoaM 
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.^.  not  intersect  Lake  Erie,  or  if  it  should  intersect  the  said  Lake  Erie  east  of  the  month 
''  of  the  Miami  River  of  the  Lake,  then,  and  in  that  case,  with  the  assent  of  the  Con- 
gress of  the  United  States,  the  northern  boundary  of  this  State  shall  be  established 
■I  by,  and  extending  to,  a  ^direct  line  running  from  the  southern  extremity  of  Lake 
l(P  Micliigau  to  the  most  northerly  cape  of  the  Miami  Bay,  after  Intersecting  the  doe- 
north  line  from  the  mouth  of  the  Great  Miami  River  as  aforesaid ;  thence  northeast  to 
the  territorial  line,  and  by  the  said  territorial  line  to  the  Pennsylvania  line. 

In  accordance  with  the  provisions  in  the  enabling  act,  and  in  the  first 
constitution  of  the  State,  the  northern  boundary  of  the  State  was 
changed  so  that,  instead  of  running  on  a  parallel  drawn  from  the  south- 
em  extremity  of  Lake  Michigan,  it  followed  the  arc  of  a  great  circle 
drawn  from  the  southern  extremity  of  Lake  Michigan  to  the  most  north- 
ern cape  of  Maumee  ("Miami'')  Bay. 

Following  are  the  text  of  the  act  providing  for  the  examination  of  the 
northern  boundary  and  that  of  the  act  making  the  change  in  the  bound- 
dary. 

AN  ACT  to  proride  for  the  taking  of  oertain  obtenratloiiB  preparatory  to  the  a^Jnstmant  of  the  north 

em  boundary  line  of  the  State  of  Ohio. 

That  the  President  of  the  United  States  cause  to  be  ascertained,  by  accurate  obeer- 
vation,  the  latitude  and  longitude  of  the  southerly  extreme  of  Lake  Michigan ;  and 
that  he  cause  to  be  ascertained,  by  like  observation,  the  point  on  the  Miami  of  the 
Lake  which  is  due  east  therefrom,  and  also  the  latitude  and  longitude  of  the  most 
northerly  cape  of  the  Miami  Bay ;  also,  that  he  cause  to  be  ascertained,  with  all  prac- 
ticable accuracy,  the  latitude  and  longitude  of  the  most  southerly  point  in  the  northern 
boundary  line  of  the  United  States  in  Lake  Erie,  and  also  the  points  at  which  a  direct 
line  drawn  from  the  southerly  extreme  of  Lake  Michigan  to  the  most  southerly  point 
in  said  northern  boundary  line  of  the  United  States  will  intersect  the  Miami  River 
and  Bay ;  and  also  that  he  cause  to  Ue  ascertained,  by  like  observation,  the  point  in 
the  Mississippi  which  id  due  west  from  the  southerly  extreme  of  Lake  Michigan ;  and 
that  the  said  observations  be  made  and  the  result  thereof  returned  to  the  proper 
Department  within  the  current  year.    (Twenty-second  Congress,  first  session,  1632.) 

AN  ACT  to  eatabUah  the  northern  boundary  line  of  the  State  of  Ohio,  and  to  provide  fiyr  the  adml^ 

•ion  of  the  State  of  Mlohigan  into  the  tTnion. 

The  northern  boundary  line  of  the  State  of  Ohio  shall  be  established  at  and  shall 
be  a  direct  line  drawn  from  the  southern  extremity  of  Lake  Michigan  to  the  most 
northerly  cape  of  the  Maumee  (Miami)  Bay  after  that  line,  so  drawn,  shaU  intersect 
the  eastern  boundary  line  of  the  State  of  Indiana ;  and  from  the  said  north  cape  of 
the  said  bay  northeast  to  the  boundary  line  between  the  United  States  and  the  prov- 
ince of  Upper  Canada,  in  Lake  Erie,  and  thence,  with  the  said  last-mentioned  line, 
to  i  ts  intersection  with  the  western  line  of  the  State  of  Pennsylvania.  (Twenty-fourth 
Congress,  first  seesion,  1836.) 


INDIANA. 

By  the  act  passed  in  the  year  1800,  to  take  effect  on  and  after  the  4th 
day  of  July  of  that  year,  the  Territory  Northwest  of  the  Eiver  Ohio  was 
divided  into  two  parts,  the  eastern  part  to  retain  the  old  name,  the  west- 
ern part  to  becon^  the  Territory  of  Indiana. 
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Under  this  act  the  Teiritory  of  Indiana  was  organized.  The  desciip 
tion  of  the  boondary  line  between  these  two  Territories  is  given  in  tJK 
following  act  establishing  them : 

That  firom  and  after  the  foarth  day  of  July  next  all  that  part  of  the  tenitory  d 
the  United  States  northwest  of  the  Ohio  RiTer,  which  lies  to  the  westward  of  t  lin 
beginning  at  the  Ohio,  opposite  to  the  month  of  Kentnck j  River,  and  running  tlMoee 
\  to  Fort  Beoevery,  and  thence  north  nntil  it  shall  intersect  the  territorial  line  betveea 

the  United  States  and  Canada,  shall,  for  the  puipose  of  temporary  goTemmest,  eos- 

stitnte  a  separate  Territory,  and  be  called  Indiana  Territory. 

i  8xc.  5.  That  whenever  that  part  of  the  territory  of  the  United  States  which  lies  ti 

I  the  eastward  of  a  line  beginning  at  the  month  of  the  Great  Mianod  River,  and  ranotBg 

I  thenoe  dne  north  to  the  territorial  line  between  the  United  States  and  Canads,  ihall 

be  erected  into  an  independent  State,  and  admitted  into  the  Union  on  an  equal  fo0t> 

ing  with  the  original  States,  thenceforth  said  line  shall  become  and  remain  penas- 

nently  the  boundary  line  between  such  State  and  the  Indiana  Territory,  anything  is 

t  this  act  contained  to  the  contrary  notwithstanding.    (Sixth  Congress,  first  seedon.) 

Ohio  was  admitted  in  1802.    Its  western  boundary,  a  meridian  throogh 
•  the  month  of  the  Miami  Biver,  left  a  narrow  strip  of  conntry  between 

Ohio  and  the  Territory  of  Indiana,  which  was  by  a  clause  in  the  enabling 
act  of  Ohio  added  to  Indiana  Territory.  The  following  is  the  claase  io 
question : 

Sxc.  3.  All  that  part  of  the  territory  of  the  United  States  northwest  of  the  rivtf 
Ohio  heretofore  included  in  the  eastern  diTision  of  said  Territory,  and  not  included 
within  the  boundary  herein  prescribed  for  the  said  State,  is  hereby  attached  to  sod 
made  a  part  of  the  Indiana  Territory. 

On  the  30th  of  June,  1805,  the  northern  portion  of  Indiana  Territoiy 
was  cut  off  and  organized  as  Michigan  Territory.  (For  the  divisioDal 
line  between  these,  see  Michigan,  p.  113.) 

On  March  1, 1809,  Indiana  Territory  was  divided,  and  the  western  por- 
tion of  it  organized  as  Illinois  Territory.  (For  a  description  of  the  dim 
ional  line  between  these  two  Territories,  see  Illinois,  p.  113.)  On  Decem- 
ber 11, 1816,  Indiana  was  admitted  as  a  State  witii  the  limits  as  given 
in  the  following  extract  from  the  enabling  act,  which  have  not  siooe 
been  changed : 


▲17  JILCT  to  eaftble  the  people  of  the  Indiana  Teiritory  to  form  a  conctitatioii  and  State 

and  fbr  the  admlaalon  of  saoh  State  into  the  Union  on  an  eqnal  footing  with  the  original  States. 

The  said  St«te  shall  consist  of  all  the  territory  incladed  within  the  following 
hoiindaries,  to  wit :  Bounded  on  the  east  hy  the  meridian  line  which  forms  the  west- 
ern boundary  of  the  State  of  Ohio ;  on  the  south  hy  the  river  Ohio  from  the  mouth 
of  the  Great  Miami  River  to  the  mouth  of  the  river  Wabash ;  on  the  weat  by  a  line 
drawn  along  the  middle  of  the  Wabash  from  its  mouth  to  a  point  where  a  due  north 
line  drawn  from  the  town  of  Vincenoes  would  last  touch  the  northwestern  shore  of 
the  said  river;  and  from  thence  by  a  due  north  line,  until  the  same  shaU  intersect  sa 
east  and  west  line  drawn  through  a  point  10  miles  north  of  the  southern  extreme  of 
Lake  Michigan ;  on  the  north  by  the  said  east  and  west  line  until  the  same  shall  in- 
tersect the  first-mentioned  meridian  line  which  forms  the  western  boondary  of  the 
State  of  Ohio.    (Fourteenth  Congress,  first  session.) 
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ILLINOIS. 

Illinois  Territory,  originally  part  of  the  Northwest  Territory,  and  sub- 
seqaently  a  part  of  Indiana  Territory,  was  organized  on  March  1, 1809. 
The  following  clause  from  the  act  separating  it  from  Indiana  Territory; 
defines  its  boundary : 

AN  ACT  for  diyidhig  the  Indiana  Territory  into  two  separate  goTemments. 

From  and  after  the  first  day  of  March  next,  all  that  part  of  the  Indiana  Territory 
which  lies  west  of  the  Wabash  River  and  a  direct  line  drawn  from  the  said  Wabash 
River  and  Post  Vincenues  due  north  to  the  territory  line  between  the  United  States 
and  Canada  shall,  for  the  purpose  of  temporary  government,  constitute  a  separate 
Territory  and  be  called  Illinois.    (Tenth  Congress,  second  session.) 

On  December  3, 1818,  it  was  admitted  as  a  State,  with  its  present 
boundaries.    The  enabling  act  defines  these  boundaries  as  follows : 

AK  ACT  to  enable  the  people  of  the  niinois  Territory  to  form  a  conetitation  and  State  government, 
and  for  the  admieaion  of  each  State  into  the  Union  on  an  eqnal  footing  with  the  original  States. 

The  said  State  shall  consist  of  all  the  territory  included  within  the  following 
boundaries,  to  wit:  Beginning  at  the  mouth  of  the  Wabash  River;  thence  up  the 
same  and  with  the  line  of  Indiana  to  the  northwest  corner  of  said  State;  thence 
east  with  the  line  of  the  same  State  to  the  middle  of  Lake  Michigan ;  thence  north 
along  the  middle  of  said  lake  to  north  latitude  forty-two  degrees  thirty  minutes; 
thence  west  to  the  middle  of  the  Mississippi  River ;  and  thence  down  along  the 
middle  of  that  river  to  its  conflneuoe  with  the  Ohio  River;  and  thence  up  the  latter 
river  along  its  northwestern  shore  to  the  beginning.  (Fifteenth  Congress,  second 
session.) 


MICHIGAN. 

Michigan  was  organized  as  a  Territory  June  30;  1805,  from  the  north- 
em  part  of  Indiana  Territory. 

The  following  clause  from  the  act  dividing  Indiana  Territory  defines 
its  limits : 

From  and  after  the  thirtieth  day  of  June  next  ail  that  part  of  the  Indiana  Territory 
which  lies  north  of  a  line  drawn  east  from  the  southerly  bend  or  extreme  of  Lake 
Michigan,  until  it  shall  intersect  Lake  £rie,  and  east  of  a  line  drawn  from  the  said 
southerly  bend  through  the  middle  of  said  lake  to  its  northern  extremity,  and  thence 
due  north  to  the  northern  boundary  of  the  United  States,  shall,  for  the  purpose  of 
temporary  government,  constitute  a  separate  Territory,  and  be  called  Michigan. 
(Eighth  Congress,  second  session.) 

The  enabling  act  for  Illinois,  passed  in  1818,  contained  a  provision  trans- 
ferring to  the  Territory  of  Michigan  the  portion  of  the  Territory  of  Illi- 
nois not  included  in  the  State  of  that  name.  The  following  is  the  text 
of  the  clause  referred  to : 

All  that  part  of  the  territory  of  the  United  States  lying  north  of  the  State  of  Indi- 
ana, and  which  was  included  in  the  former  Indiana  Territory,  together  with  that  part 
of  the  Illinois  Territory  which  is  situated  north  of  and  not  included  within  the  bound- 

(569) 
4696— Bull.  13 8 


114  BOUHTABIES   OF  THE   UNITED   STATES.  ("Ou-H 

sries  prescribed  b;  this  act,  to  the  State  thereby  authorized  to  be  fomicd,  ■ball  be. 
and  herebj  in,  attached  to  aDdmndeapMtof  tbeUichigan  Territory,  tram  and  alter 
tho  formation  of  Iho  said  State. 

Id  1834  au  act  was  passed  extending  the  limits  of  tbe  Territory  of 
Micbi^ii  to  tlie  Missouri  Biver. 

Tbe  clause  of  this  act  relating  to  area  is  as  follows: 

AS  ACT  to  MtK>h  Urn  tsrrltoty  of  Ibe  UDitsd  &Ut»  wait  of  tbt  Mlutnippt  River  *iid  narth  •(  tbt 
BtftM  of  Mluonri  to  tbe  Terrltor?  of  Uk>tiiK«n. 
All  tbnt  part  of  the  territory  of  the  United  Statea  bonnded  on  the  enat  by  tbe  Uii- 
siBslppi  River,  on  the  sonth  by  the  State  of  UiBsonri  and  a  line  drawa  due  west  &oin 
tbe  northneel  comer  of  aaid  State  to  1  be  Hiiaotiri  River ;  aa  tbe  8authwe«t  and  vni 
by  the  Missouri  River  and  I  he  While  Eartb  River,  falling  into  the  same ;  and  on  tbe 
north  by  the  northoio  boundary  of  tbo  Unitod  Slates,  abati  be,  and  hereby  is,  fur  tbe 
purpose  of  temporary  government,  attached  to  and  made  a  part  of  the  Territory  or 
Michigan. 

In  1836  Wisconsin  Territory  was  formed  from  tbat  part  of  Michigan 
Territory  lying  west  of  tbe  present  limits  of  tbe  8tat«  of  tbat  name. 
{Vide  Wisconsin,  p.  116.) 

Reduced  to  its  present  limits,  as  described  iu  the  following  claase  from 
its  enabling  act,  Michigan  was  admitted  to  tbe  Union  January  26, 1837: 

AH  ACT  lo  proTlde  for  tho  ndmls^n  ol  Ibe  Stale  of  Uloliig«n  ioto  tbe  TTnlon. 
Beginuinf;  at  tho  point  where  Ihc  nliovo -described  northern  bonodary  of  the  StMr 
of  Ohio  intersects  Iho  eastern  boundary  of  tlic  Stale  cif  Itidiana,  nnd  muniDg  tbearr 
wilh  Ibe  Brtid  boundary  lino  of  Ohio,  as  described  in  Ibe  Brat  section  of  thisact.nnlFl 
it  intersects  Iho  bonndoiy  line  betwceu  Ibe  United  States  and  Canada  in  Lake  Erir: 
tbence  with  tbe  said  bonndary  line  between  tbe  United  States  and  Canada  tbrongL 
tbe  Detroit  River,  Lake  Huron,  and  Lake  Superior,  to  a  point  where  tbe  aaid  line  last 
[ODCbes  Lake  Snpcriur  ;  thence  in  a  direct  line  through  Lake  Superior  to  the  nraatb 
of  tho  Montreal  River;  tbenco  ibrough  the  middle  of  tho  main  channel  of  tbe  s«<l 
river  Montreal  tu  tho  middle  of  Ihe  Lake  of  the  Desert;  thenuo  in  a  direct  line  lolh'' 
ne.irest  heodwatiT  of  the  Mciinmoiieo  River;  tbence  tbrancb  the  middle  of  tbatforL 
of  the  said  river  first  touched  by  tbo  said  line  lo  tbe  main  channel  of  the  said  Ue- 
uoiuoncu  River;  tbcurodown  thocenlerof  thu  maiu  channel  of  the  same  to  tbecenti'r 
of  tbo  most  iiBnat  ship  elianni-1  of  the  Orecn  Bay  of  Lake  Michigan  ;  thence  ibrough 
ihu  ccnterof  iboniost  usual  ship  cbnniicl  ot  Ibe  said  bay  to  tbe  middle  of  Lake  Mich 
Igan;  Ibence  Ibrough  tbo  middlu  of  Lake  Mithjgan  tu  the  northeru  boundary  of  tbe 
State  of  Indiuna,  ostbat  line  wmh  established  by  tlieact  of  Congress  of  tbe  niuetepniU 
of  April,  ciehtef'u  hundred  uud  aiiteen;  thence  due  east  with  the  north  bonndoir 
line  of  the  saiil  Slate  of  Indiana  to  the  northeast  corner  thereof ;  sad  tbence  aoDlh. 
with  tbe  oa«t  bunndary  lino  of  Indiana,  to  the  place  of  begiutting.  (Tweoty.fouitb 
Congress,  first  Heseion.) 
The  above  boundaries  remain  unchanged. 


WisconKiii  was  org;iiii/.ed  as  a  Territory  July  3, 1836.     As  originalb 
constituted  its  aruji  compriijcd  all  tli.nt  pnrtof  the  former  Territory  of 
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Michigan  which  lay  outside  of  the  present  limits  of  the  State  of  Michi- 
gan.  The  liiuitn  are  defined  in  the  net  for  its  organization  as  fol* 
lows : 

Bounded  on  the  east  by  a  line  drawn  from  the  northeast  comer  of  the  State  of  Illi* 
nois,  through  the  middle  of  Lake  Michigan,  to  a  point  m  the  middle  of  said  lake  and 
opposite  the  main  channel  of  Green  Bay,  and  through  said  channel  and  Green  Bay  to 
the  month  of  the  Menonionee ;  thence  through  the  middle  of  the  main  channel  of  said 
river  to  that  head  of  said  river  nearest  to  the  Lake  of  the  Desert ;  thence  in  a  direct 
line  to  the  middle  of  said  lake;  thence  ibrough  the  middle  of  the  main  channel  of  the 
Montreal  River  to  its  month;  thence  with  a  direct  line  across  Lako  Superior  to  where 
the  territorial  lino  of  the  United  States  last  touches  said  lako  northwest;  thence  on 
the  north  with  the  said  territorial  line  to  the  White  Earth  River,  on  the  west  by  a  lino 
from  the  said  boundary  line  following  down  the  middle  of  the  main  channel  of  White 
Earth  River  to  the  Missouri  River,  and  down  the  middle  of  the  main  channel  of  the 
Missouri  River  to  a  point  due  ^  est  from  the  northwest  comer  of  the  State  of  Missonri, 
nnd  on  the  south,  from  said  point,  due  east  to  the  northwest  comer  of  the  State  tif 
Missouri;  and  thence  with  the  bonndaries  of  the  States  of  Missouri  nnd  Illinois,  ah 
already  fixed  by  acts  of  Congress.     (Twenty- fouilh  Congress,  first  session.) 

In  1838  all  that  part  of  the  territory  lying  west  of  the  Mississippi  and 
a  line  drawn  dne  north  from  its  source  to  the  international  boundary — 
that  is,  all  that  part  which  was  originally  comprised  in  the  LouisiaiKi 
purchase — was  organized  as  the  Territory  of  Iowa.    (See  Iowa,  p.  117.) 

On  August  9, 1846,  an  enabling  act  for  Wisconsin  was  passed  giving 
the  boundaries  as  follows : 

Beginning  at  the  northeast  comer  of  the  State  of  Illinois,  that  is  to  say,  at  a  point 
in  the  center  of  Lake  Michigan  where  the  line  of  forty-two  degrees  and  thirty  minntes 
of  north  latitude  crosses  the  same ;  thence  running  with  the  boundary  line  of  1  he 
State  of  Michigan,  throngh  Lake  Michigan,  Green  Bay,  to  the  month  of  the  Menomo- 
nee  River;  thence  np  the  channel  of  said  riyer  to  the  Brnlb  River;  thence  np  said  last- 
mentioned  river  to  Lake  Bmld;  thence  along  the  sonthem  shore  of  Lake  Bn\\h  in  a 
direct  line  to  the  center  of  the  channel  between  Middle  and  South  Islands  in  tho 
Lake  of  the  Desert;  thence  in  a  direct  line  to  the  headwaters  of  Montreal  River,  as 
marked  upon  the  survey  made  by  Captain  Cramm ;  thence  dowu  the  main  channel  of 
the  Montreal  River  to  the  middle  of  Lake  Snpoiior ;  thence  through  thecentorof  Lake 
Superior  to  tho  month  of  tho  Saint  Louis  River,  thence  up  the  niaiu  chanucl  of  said 
river  to  the  first  rapids  in  the  same,  above  the  ludian  village,  according  to  Nicollet's 
map ;  thence  due  south  to  the  main  branch  of  the  river  Saint  Croix ;  thence  down  tho 
middle  of  the  main  channel  of  said  river  to  the  Mississippi ;  thence  down  the  center  of 
tho  main  channel  of  that  river  to  the  northwest  corner  of  the  State  of  Illinois;  thence 
due  east  with  the  northern  boundary  of  the  State  of  Illinois  to  the  place  of  beginning. 
(Twenty-ninth  Congress,  first  session.) 

On  March  3, 1847,  a  supplementary  act  for  the  admission  of  Wiscon- 
sin was  passed  by  Congress,  in  which  the  western  boundary  of  the  pro- 
posed State  was  changed  as  follows: 

That  the  assent  of  Congress  is  hereby  given  to  the  change  of  boundary  proposed  in 
the  first  article  of  said  constitution,  to  wit:  Leaving  the  boundary  line  prescribed  in 
the  act  of  Congress  entitled  ''An  act  to  enable  the  people  of  Wisconsin  Territory  to 
form  a  constitution  and  State  government,  and  for  the  admission  of  such  State  into 
the  Union,"  at  the  first  rapids  in  the  river  St.  Louis;  thence  in  a  direct  line  south* 
wardly  to  a  point  fifteen  miles  east  of  the  most  easterly  point  of  Lake  St.  Croix ; 
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tbeDce  flno  aonth  to  the  main  channel  of  the  MisBlasippi  BiTor  or  lokke  Pepin;  tiiflMe 
down  the  said  main  channel,  as  pieeorihed  in  said  aet.  (Twenty-ninth  Congnn^  iw- 
oudaeesion.) 

On  May  29, 1848^  Wifloonsin  was  admitted  into  the 


liI880UBL 

The  name  of  the  Territory  of  Lonisiana  was  changed  in  1812  to  Mis- 
souri, by  act  of  Congress.  At  that  time  the  Territory  comprised  all  of 
tbe  original  Louisiana  purchase,  excepting  the  State  of  Louisiana,  which 
had  been  formed  from  it«  The  Territory  of  Arkansas,  with  limits  veiy 
similar  to  those  of  the  present  State,  was  formed  from  it  in  1819.*  Qi 
August  10, 1821,  the  State  of  Missouri  was  formed  and  admitted,  with 
limits,  cxceptiug  as  to  the  northwest  comer,  the  same  as  at  present 

Bouudaric*s  are  defined  as  follows : 

Beginning  in  the  middle  of  the  Miasissippi  River,  on  the  parallel  of  thirty-six  de- 
grceHof  north  latitude ;  thence  west  along  that  parallel  of  latitude  to  the  Saint  Fran- 
cois Rivor;  thenco  up,  and  following  the  conrseof  that  river,  in  the  middle  of  the 
main  channel  thereof,  to  the  parallel  of  latitude  of  thirty -six  degrees  and  thirty  mia- 
utes;  tbeuco  west,  along  the  same,  to  a  point  where  the  said  parallel  is  interMcted  by 
A  meridian-line  passing  through  the  middle  of  the  month  of  the  Kansas  Biver,  wbers 
the  same  empties  into  tho  Missouri  River ;  thenco  fh>m  the  point  aforesaid  north,  aloa^ 
tliu  said  meridian  line  to  the  intersection  of  the  parallel  of  latitude  which  pasKi 
through  the  mpids  of  the  river  Des  Moines,  making  the  said  line  to  correspond  with 
the  Indian  boundary  line;  thence  east  from  the  point  of  intersection  last  aforesaad, 
along  t  lie  said  parallel  of  latitnde,  to  t  bo  middle  of  the  channel  of  tho  main  fork  of  the 
said  river  Dos  Moines ;  thence  down  and  along  the  middle  of  the  main  ohannelof  tbt 
said  RivcT  Des  Moines  to  tho  month  of  tbe  same  where  it  empties  into  the  MissHBipfH 
River;  tbeuce  due  east  to  the  middle  of  the  moin  channel  of  the  Miaaiasippi  River; 
tbence  down  and  following  the  course  of  the  Mississippi  River  in  the  middle  of  the 
main  channel  thereof,  to  the  place  of  beginning.    (Sixteenth  Congiesa,  first  sesaon) 

In  J  836  the  boundaries  were  extended  on  the  northwest  to  the  Mis- 
souri Biver,  as  described  in  the  following  act  of  the  legislature  amends- 
tory  to  the  constitution  of  1820: 

That  the  boundary  of  the  State  he  so  altered  and  extended  as  to  inolnde  all  that 
tract  oi'land  lying  on  the  north  side  of  the  Missouri  River  and  west  of  the  prsseat 
boundary  of  this  State,  so  that  the  same  shall  be  hounded  on  the  south  hy  the  niddb 
of  the  main  channel  of  the  Missonri  River,  and  on  the  north  by  the  present  northsn 
boundary  line  of  the  State,  as  established  by  the  constitution,  when  the  aame  is  oea- 
tinned  in  a  right  line  to  the  west,  or  to  include  so  much  of  said  tract  of  land  as  Coa- 
gress  may  assent. 

This  was  ratified  by  Congress  in  the  following  act: 

AN  ACT  to  extend  the  western  boundary  of  tbe  State  of  Miuoaxi  to  the  Miesouri  River. 

That  when  the  Indian  title  to  all  the  lands  lying  between  tbe  State  of  Miasoori  aai 
>he  Missouri  River  shall  be  extinguished,  the  Jurisdiction  over  said  lands  shall  hs 
hereby  oeded  to  the  State  of  Missonri,  and  the  western  boundary  of  anid  8laAa  AsU 
be  then  extended  to  the  Missouri  River.    (Twenty-fourth  Congress,  ilml  assiloBu) 
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The  territory  .remainiDg  after  tlio  formation  of  the  State  bore  the  name 
of  Miasoori  for  many  years  thereafter.  Meanwhile,  however,  it  wa^ 
redneed  by  the  formation  of  several  Territories  which  were  carved  from 
its  area.  In  1834,  the  part  north  of  the  State  of  Missouri  and  east  of 
the  Missoari  and  White  Earth  Rivers  was  annexed  to  the  territory  of 
Slichigan.  (For  farther  history  of  this  portion,  vide  Michigan,  p.  114; 
Iowa,  below;  Minnesota,  p.  118;  and  Dakota,  p.  121.)  In  1854  Kansas 
and  Nebraska  Territories  were  formed,  absorbing  the  reiuaiudcr.  ( Vide 
E^ansas,  p.  119,  and  Nebraska,  p.  120.) 

The  following  are  the  bonndaries  of  Missonri  ns  at  proRont  established: 
The  east  boundary  is  the  mid-channel  of  the  Mississippi  iSiver  irom  the 
month  of  the  Des  Moines  to  its  point  of  intersection  with  the  thirty- 
Hixth  parallel  of  latitude;  the  south  boundary  begins  at  the  latter  point 
and  runs  west  on  the  parallel  of  30  degrees  of  latitude  to  the  Saiut 
Frauds  Biver,  thence  up  the  mid-channel  of  that  river  to  the  parallel 
of  latitude  36<^  3(K,  thence  west  on  that  paralli-l  to  its  inton^ection  by  a 
meridian  passing  through  the  middle  of  the  mouth  of  the  Kansas  River; 
the  west  boundary  is  the  last  mentioned  meridian  as  far  noi » h  as  tbc 
month  of  the  Kansas  Biver,  thence  it  follows  north  westward  tbe  mid- 
channel  of  the  Missouri  Biver  to  the  parallel  of  latitude  4(K>  3(K;  the 
north  boundary  is  the  last-mentioned  parallel  as  far  east  as  its  point 
of  intersection  with  the  Des  Moines  Biver,  whence  it  follows  the  mid- 
channel  of  the  Des  Moines  Biver  southward  to  its  mouth. 


IOWA. 

Iowa  waa  organized  as  a  Territory  on  July  3, 1838,  being  formed  from 
a  portion  of  Wisconsin  Territory.  The  limits  were  defined  ns  follows 
in  the  act  creating  it: 

An  that  part  of  the  pitneni  Territory  of  Wisoonslii  which  liee  weftf  nf  the  Miwiaaippi 
River  and  west  of  the  line  drawn  dae  north  from  the  headwatorn  or  t'onrces  of  the 
Hiasiasippi  to  the  Territorial  line.  (Twenty -fifth  Congreas,  second  seeeion.  See  Wis- 
oonain»p.ll5.) 

The  fallowing  danse  firom  an  act  passed  in  1839  is  supplementary  to 
the  above  act : 

▲K  ACT  to  deflae  and  establish  the  aaatern  boaodary  line  of  the  TeirHory  of  Iowa. 

That  the  middle  or  centre  of  the  main  channel  of  the  river  Mississippi  shall  bo 
deemed,  and  is  hereby  deolared,  to  he  tbe  eastern  boundary  line  of  the  Territory  of 
Iowa,  BO  far  or  to  soch  extent  aa  the  said  Territory  is  boanded  cast^ardly  by  or  npi m 
said  rlTer.    (Twevty-fifth  Congreaa,  third  aeaaion.) 

Iowa  was  admitted  to  the  Union  on  March  3, 1845.  As  originally  con- 
stitated  the  limits  of  the  State  were  quite  different  from  those  which  it 
has  at  present. 
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The  following  extract  from  the  enabling  act  gives  the  original  limits: 

That  tbe  foUowing  shall  be  the  bouDdaries  of  the  said  State  of  Iowa,  to  wit:  Be- 
ginning at  the  mouth  of  the  Dee  Moines  River  at  the  middle  of  the  Miasiasippi;  ttaw 
by  the  middle  of  the  channel  of  that  river  to  a  parallel  of  latitnde  paasing  throagbtk 
mouth  of  the  Mankato,  or  Bine  Earth  River;  thence  west  aloug  the  said  panJMof 
latitnde  to  a  point  where  it  is  intersected  by  a  meridian  line,  seventeen  degren  iid 
thirty  minntes  west  of  the  meridian  of  Washington  City ;  thence  dno  soatb  to  tbi 
northern  boundary  line  of  the  State  of  Missouri ;  theuco  eastwardly  foUowing  tkit 
boundary  to  the  point  at  which  the  same  intersects  the  Des  Moines  River;  theooeb; 
the  middle  of  the  channel  of  that  river  to  the  place  of  beginningr.  (Twenty-eigbft 
Congress,  second  session.) 

On  December  28, 1846,  an  act  was  passed  changing  the  boundaries 
of  the  State  and  giving  it  its  present  limits. 

The  following  extract  from  the  act  defines  the  boundaries  as  at  present 
constituted : 

Beginning  in  the  middle  of  the  main  channel  of  the  Mississippi  River,  at  a  pobt 
due  east  of  the  middle  of  the  mouth  of  the  main  channel  of  tbe  Des  Moines  Blver; 
thence  up  the  middle  of  the  main  channel  of  the  said  Des  Moines  River,  to  a  point  ou 
said  river  where  the  northern  boundary  lino  of  the  State  of  Missouri,  :u>  established  by 
the  constitution  of  that  State,  adopted  June  twelfth,  eighteen  hundred  and  twcuty, 
crosses  the  said  middle  of  the  main  cbuuuel  of  the  said  Des  Moines  River;  thence 
westwardly  along  the  said  northern  boundary  line  of  the  State  of  Missouri,  as  estab- 
lished at  the  time  aforesaid,  until  an  extension  of  said  line  intersect  the  middle  of  tbe 
main  channel  of  the  Missouri  River,  to  a  i)oint  opposite  the  middlo  of  the  main  chan- 
nel of  the  Big  Sioux  River/  according  to  Nicollet's  map ;  thence  np  the  main  channel 
of  the  said  Big  Sioux  River,  accordiug  to  said  map,  until  it  is  intersected  by  the  par- 
aUel  of  forty-three  degrees  and  thirty  minntes  north  latitude;  thence  east  along  said 
parallel  of  forty-three  degrees  and  thirty  minutes,  until  said  parallel  intersect  the 
middle  of  the  main  channel  of  the  Mississippi  River ;  thence  down  the  middle  of  the 
main  ohannel  of  said  Mississippi  River,  to  the  place  of  beginning. 


MINNESOTA. 

The  Territory  of  Minnesota  was  organized  on  March  3^  1849,  and  orig- 
inally comprised  the  portion  of  the  former  Territory  of  Iowa,  outside  of 
the  limits  of  the  present  State  of  Iowa,  extending  east  to  the  west 
boundary  line  of  Wisconsin.  The  terms  of  the  act  creating  this  Terri- 
tory, so  far  as  they  relate  to  its  boundary,  are  as  follows : 

All  that  part  of  the  territory  of  the  United  States  which  lies  within  the  foUowing 
limits,  to  wit:  Beginning  iu  tbe  Mississippi  River,  at  the  point  where  the  line  of 
Ibrty-three  degrees  and  thirty  minntes  of  north  latitude  crosses  the  same;  thenos 
running  due  west  on  said  line,  which  is  the  northern  boundary  of  the  State  of  lowmt 
to  I  he  northwest  aomer  uf  the  said  State  of  Iowa;  thence  southerly,  along  the  west- 
em  boundary  of  said  State,  to  tbe  point  where  said  boundary  strikes  the  Misaoori 
River;  thence  up  the  middle  of  the  main  channel  of  the  Missouri  River  to  the  mouth 
of  the  White  Earth  River;  thence  up  the  middle  of  the  main  channel  of  the  White 
Earth  River  to  the  boundary  lino  between  the  possessions  of  tbe  United  States  and 
Great  Britain,  to  Lake  Superior;  thence  along  the  western  boundary  line  of  said  State 
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of  Wisooniin  to  the  Mississippi  River;  tlieooe  down  the  main  channel  of  said  river  to 
the  place  of  beginning."    (Thirtieth  Congress,  second  session.) 

Miniiesota  was  admitted  as  a  State  on  May  11, 1858,  with  the  same 
boandaries  which  it  has  at  preseut.  These  are  given  in  the  enabling 
act  as  follows: 

Beginning  at  the  point  in  the  center  of  the  main  channel  of  the  Red  River  of  the 
North  where  the  boandary  line  between  the  United  States  and  the  British  Possessions 
crosses  the  same ;  thence  up  the  main  channel  of  said  river  to  that  of  the  Bois  des 
Sioux  River;  thence  up  the  main  channel  of  said  river  to  Lake  Traverse;  thence  up 
the  center  of  said  lake  to  the  southern  extremity  thereof;  thence  in  a  direct  line  to 
the  head  of  Big  Stone  Lake ;  thence  through  its  center  to  its  outlet ;  thence  by  a  due 
south  line  to  the  north  line  of  the  State  of  Iowa ;  thence  east  along  the  northern 
boundary  of  said  State  to  the  main  channel  of  the  Mississippi  River;  thence  np  the 
main  chi|nnel  of  said  river,  and  foUowing  the  boundary  line  of  the  State  of  Wiscon- 
sin until  the  same  intersects  the  Saint  Louis  River;  thence  down  said  river  to  and 
through  Lake  Superior,  on  the  boundary  line  of  Wisconsin  and  Michigan,  until  it 
intersects  the  dividing  lino  between  the  United  States  and  the  British  PosseesionB; 
thence  up  Pigeon  River,  and  following  said  dividing  line,  to  the  place  of  beginning. 


KAH6AS. 

The  Territory  of  Kansas  was  organized  on  May  30, 1854,  from  a  part  of 
Missonri  Territory.  The  following  danse  from  the  act  of  organization 
defines  its  limits : 

Sbction  19.  All  that  part  of  the  territory  of  the  United  States  included  within  the 
following  limits,  except  such  portions  thereof  as  are  hereinaft<er  expressly  exempted 
from  the  operations  of  this  act,  to  wit :  Beginning  at  a  point  on  the  western  boundary 
of  the  State  of  Missouri,  where  the  thirty-seventh  parallel  of  north  latitude  crosses 
the  same ;  thence  west  on  said  parallel  to  the  eastern  boundary  of  New  Mexico ;  thence 
north  on  said  boundary  to  latitude  thirty -eight ;  thence  foUowing  said  boundary 
westward  to  the  east  boundary  of  the  Territory  of  Utah,  on  the  summit  of  the  Rooky 
Mountains;  thence  northward  on  said  summit  to  the  fortieth  parallel  of  latitude; 
thence  east  on  said  parallel  to  the  western  boundary  of  the  State  of  Missouri ;  thence 
south  with  the  western  boundary  of  said  State  to  the  place  of  beginning,  be^  and  the 
same  is  hereby,  created  into  a  temporary  government  by  the  name  of  the  Territory  of 
Kansas. 

A  portion  of  this  Territory  was  given  np  to  Colorado  at  the  time  of  its 
formation  in  1861.    ( Tide  Colorado,  p.  123.) 

Ejinsas  was  admitted  into  the  Union  on  January  29, 1861,  with  its 
present  boundaries,  which  are  thns  defined  in  the  enabling  act: 

The  said  State  shall  consist  of  all  the  territory  included  within  the  foUowing 
boundaries,  to  wit :  Beginning  at  a  point  on  the  western  boundary  of  the  State  of 
Missouri,  where  the  tliirty-seventh  parallel  of  north  latitude  crosses  the  same ;  thence 
west  on  said  parallel  to  the  twenty -fifth  meridian  of  longitude  west  from  Washing- 
ton ;  thence  north  on  said  meridian  to  the  fortieth  parallel  of  latitude ;  thence  east 
on  said  parallel  to  the  western  boundary  of  the  State  of  Missouri ;  thence  south  with 
the  western  honn^^j  of  said  State  to  the  place  of  beginning. 
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NEBRASKA. 

The  Territory  of  Nebraska  was  formed  on  May  30,  1854,  fix>m  the 
northwestern  part  of  Missouri  Territory.  Its  limits,  as  originally  eoo* 
stitated,  are  defined  as  follows  in  the  act  of  orgaiiization : 

Beginning  at  a  point  in  the  Miasonri  River  where  the  fortieth  paraUel  of  north  bd- 
tnde  crofises  the  same ;  thence  west  on  said  parallel  to  the  east  bonndary  of  theTenitMj 
of  Utah,  on  the  Bnmmit  of  the  Rocky  Mountains;  thence  on  said  snitunit  northward  to 
the  forty-ninth  parallel  of  north  latitude ;  thence  east  on  said  parallel  to  the  woten 
bonndary  of  the  Territory  of  Minnesota ;  thence  southward  on  said  bonndaiy  to  the 
Missouri  River;  thence  down  the  main  channel  of  said  river  to  the  place  of  begii- 
ning,  he,  and  the  same  is  hefeby,  created  into  a  temporary  government  by  the  nsae 
of  the  Territory  of  Nebraska.    (Thirty-third  Congress,  first  session.) 

This  area  was  reduced  in  1861  by  the  formation  of  the  Territories  of 
Colorado  and  Dakota.    ( Vide  Golorado,  p.  123,  and  Dakota,  p.  121.) 
The  State  of  Nebraska  was  admitted  on  March  1,  1867. 
Its  limits  are  defiined  as  follows  in  the  enabling  act: 

That  the  said  State  of  Nebraska  shall  consist  of  all  the  territory  included  withii 
the  following  boundaries,  to  wit :  Commencing  at  a  point  formed  by  tbe  intereectioo 
of  the  western  boundary  of  tbe  State  of  Missouri  with  the  fortieth  deg^ree  of  north  lati- 
tude; extending  thence  due  west  along  said  fortieth  degree  of  north  latitude  to  a  poist 
formed  by  its  intersection  with  the  twenty-fifth  degree  of  longitude  west  from  Wash- 
ington; thence  north  along  said  twenty-fifth  degree  of  longitude  to  a  point  formed  by 
its  intersection  with  the  forty -first  degree  of  north  latitude ;  thence  west  along  said 
forty-first  degree  of  north  latitude  to  a  point  formed  by  its  intersection  with  the  twenty* 
seventh  degree  of  longitude  west  from  Washington ;  thence  north  along  said  twenty- 
seventh  degree  of  west  longitude  to  a  point  formed  by  its  intersection  with  the  forty' 
third  degree  of  north  latitude ;  thence  east  along  said  forty-tbird  degree  of  north  latitude 
to  the  Keyapaha  River;  thence  down  the  middle  of  the  channel  of  said  rirer,  with  its 
meanderings,  to  its  junction  with  the  Niobrara  River;  t  hence  down  the  middle  of  tbe 
channel  of  said  Niobrara  River,  and  following  the  meanderings  thereof,  to  its  JnnctioD 
with  the  Missouri  River ;  thence  down  the  middle  of  tbe  channel  of  said  MisBinm 
River,  and  following  the  meanderings  thereof,  to  the  place  of  beginning.  (Tfaizty- 
eighth  Congress,  first  session.) 

In  1870  an  act  was  passed  to  redefine  a  portion  of  the  bonndaiy  be- 
tween Nebraska  and  the  Territory  of  Dakota,  the  pertinent  portion  of 
which  is  as  follows : 

That  so  soon  as  the  State  of  Nebraska,  through  her  legislature,  has  giren  her  eoo- 
sent  thereto,  the  center  of  the  main  clinnne)  of  the  Missouri  River  shall  be  the  boond- 
ary  line  between  the  State  of  Nebraska  and  Tuiritory  of  Dakota,  between  tbe  foUow- 
ing  points,  to  wit:  Commencing  ut  a  jioint  in  the  center  of  said  main  channel,  noitii 
of  the  west  line  of  section  twenty-four  in  township  twenty-nine  north,  of  rangeei^ 
east  of  the  sixth  principal  meridian,  and  running  nlong  the  same  to  a  point  west  of 
the  most  northerly  portion  of  fractional  section  poventccn,  of  township  twenty-nine 
north,  of  range  nine  east  of  said  meridian,  in  the  State  of  Nebraska,  as  meandered  and 
shown  by  the  plats  and  surveys  of  said  Fcctions  originally  made  and  now  on  file  in 
the  General  Land  Office.    (Forty-first  Congress,  second  session.) 
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In  L882  au  act  was  passed  transfem'Dg  to  this  State  firom  Dakota  a 
small  area  lying  between  the  Keyapaha  Biver  and  the  forty-third  par- 
allel of  latitude.    The  following  is  the  act  in  question : 

Bt  it  exacted,  •  •  •  That  the  northern  honndary  of  the  State  of  Nebraska  shall 
he,  and  hereby  is,  subject  to  the  provisions  hereinafter  contained,  extended  so  as  to 
inolnde  all  that  portion  of  the  Territory  of  Dakota  lying  south  of  the  forty-third  par- 
allel of  north  latitude  and  east  of  the  Keyapaha  Biver  and  west  of  the  main  channel 
of  the  Missouri  River.    (Forty -seventh  Congress,  first  session.) 


DAKOTA. 

The  Territory  of  Dakota  was  organized  on  March  2,  I86I9  from  parts 
of  Minnesota  and  Nebraska  Territories.  The  following  from  the  act  of 
organization  defines  its  original  limits : 

All  that  part  of  the  territory  of  the  United  States  included  within  the  following 
limits,  namely :  Commencing  at  a  point  in  the  main  channel  of  the  Red  River  of  the 
North,  where  the  forty-ninth  degree  of  north  latitude  crosses  the  same ;  thence  up  the 
main  channel  of  the  save,  and  along  the  boundary  of  the  State  of  Minnesota  to  Big 
Stone  Lake ;  thence  along  the  boundary  line  of  the  said  State  of  Minnesota  to  the 
Iowa  line ;  thence  along  the  boundary  line  of  the  State  of  Iowa  to  the  point  of  inter- 
section between  the  Big  Sioux  and  Missouri  Rivers;  thence  up  the  Missouri  River  and 
along  the  boundary  line  of  the  Territory  of  Nebraska  to  the  mouth  of  the  Niobrara 
or  Running  Water  River ;  thence  following  up  the  same,  in  the  middle  of  the  main 
channel  thereof,  to  the  mouth  of  the  Kehapaha  or  Turtle  Hill  River;  thence  up  said 
river  to  the  forty- third  parallel  of  north  latitude ;  thence  due  west  to  the  present 
boundary  of  the  Territory  of  Washington ;  thence  along  the  boundary  line  of  Wash- 
ington Territory  to  the  forty-ninth  degree  of  north  latitude ;  thence  east  along  said 
forty-ninth  degree  of  north  latitude  to  the  place  of  beginning  be,  and  the  same  is, 
hereby  organized  into  a  temporary  government  by  the  name  of  the  Territory  of  Dakota. 
(Thirty-sixth  Congress,  second  session.) 

In  1863  the  Territory  of  Idaho  was  formed,  its  area  having  been 
taken  from  Washington,  Dakota,  and  Nebraska.  ( Vide  Idaho,  p.  127.) 
In  1882  a  small  area  was  transferred  to  Kebraska.  ( Vide  Nebraska, 
above.) 

The  following  description,  compiled  from  the  act  relating  to  Dakota 
and  other  Territories  formed  from  its  area,  gives  its  present  limits : 

The  east  boundary  is  the  main  channel  of  the  Bed  Biver  from  the 
forty-ninth  parallel  southward  to  Big  Stone  Lake;  from  the  center  of 
that  lake  to  its  ontlet;  thence  by  a  due  south  line  to  the  parallel  of  lat- 
itude 430  30^ ;  thence  west  on  this  parallel  until  it  strikes  the  Big  Sioux 
Biver;  thence  down  the  mid  channel  of  the  Big  Sioux  Uiver  to  its 
mouth.  The  south  boundary  is  the  main  channel  of  the  Missouri  Biver 
until  it  intersects  the  forty-third  parallel  of  latitude;  thence  it  follows 
the  forty  third  parallel  of  latitude  westward  to  the  twenty-seventh  de- 
gree of  longitude.  The  west  boundary  is  the  twenty-seventh  degree  of 
longitude,  and  the  north  boundary  is  the  forty-ninth  parallel  of  latitude. 
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MONTANA. 

The  Territory  of  Montana  was  organized  May  26^  1864,  from  a  porikft 
of  Idaho.  Its  limits,  which  have  been  changed  but  slightly,  are  givcD 
in  the  following  extract  from  the  organizing  act: 

That  all  that  part  of  the  territoiy  of  the  United  States  iucladed  within  the  liffliti 
to  wit :  Commencing  at  a  point  formed  by  the  intczaection  of  the  twenty-WTeoUi  de- 
gree of  longitude  west  from  Washington  with  the  forty-fifth  degree  of  north  latitode; 
,  thence  due  west  on  said  forty-fifth  degree  of  latitude  to  a  point  funned  by  its  iot«fBR> 

;  tion  with  the  thirty-fonrth  degree  of  longitude  west  from  Washington ;  thenee  doe 

south  along  said  thirty-fonrth  degree  of  longitude  to  its  intersection  with  the  forty- 
fourth  degree  and  thirty  minutes  of  north  latitude;  thence  due  west  along  nidfbftj- 
fourth  degree  and  thirty  minutes  of  north  latitude  to  a  point  formrd  by  its  iutcnK- 
tion  with  the  crest  of  the  Rocky  Mountains ;  thence  following  the  crest  of  the  Bockj 
Mountains  northward  till  its  intersection  with  the  Bitter  Root  Moantaius;  ibnm 

I  northward  along  the  crest  of  said  Bitter  Root  Mountains  to  its  inlersectiou  vitb  the 

thirty -ninth  degree  of  longitude  west  from  Washington ;  thence  along  laaid  thirtT- 
ninth  degree  of  longitude  uorthward  to  the  boundary  line  of  the  British  poonesDiom; 

'  thence  eastward  along  said  boundary  line  to  the  twenty-seventh  degree  of  loogitode 

west  from  Washington  ;  thence  southward  along  said  twenty -seventh  degree  of  Im- 
gitnde  to  the  place  of  beginning,  be,  and  the  same  is  hereby  created  into  a  temponiy 
government  by  the  name  of  the  Territory  of  Montana.  (Thirty-eighth  Congress,  fim 
session.) 

lu  1873,  Congress,  under  the  erroneous  impression  that  a  portioD  of 
i  Dakota  remained  west  of  Wyoming,  and  adjoining  Mod  tana,  passed  an 

I  act  to  attach  it  to  Montana.    As,  however,  no  such  detached  area  coolil 

I  by  any  possibility  have  existed,  the  compilers  of  the  ^Revised  Statotes 

I  songht  to  give  the  act  effect  by  shifting  a  portiou  of  the  southern 

i  boundary  of  Montana  from  the  parallel  of  44^  3(y  to  the  contineDtal 

\  watershed,  thereby  reducing  Montana's  area.    The  following  is  the  act 

referred  to: 

AN  ACT  to  readjust  the  western  bouDclAry  of  Dakota  Territofy. 
That  all  that  portion  of  Dakota  Ttrritory  lying  >vcbt  of  the  one  hiindfiHl  awl 
eleventh  meridian  of  longitude  wbicb,  by  an  erroneous  defiuitloi)  of  the  Umudaricfl 
of  said  Territory  by  a  former  act  of  Congreiis,  remsins  detached  aLd  distant  rrun 
Dakota  proper  some  two  hundred  miles^  be  and  the  same  is  hereby  uttacbi  d  to  the.i«l- 
Joiniug  territory  of  Montana.    (Forty-second  Congress,  third  session.) 

The  boundaries  of  Montana  are  as  follows :  Beginning  at  the  inter 

section  of  the  twenty-seventh  meridian  of  longitude  with  the  boundary 

line  between  the  United  States  and  the  British  possessions,  it  follows 

said  meridian  south  to  the  forty-flfkh  parallel  of  latitude,  thence  west 

on  this  parallel  to  the  thirty-fourth  meridian,  south  on  the  thirty-fourth 

nu^ridian  to  the  point  where  that  meridian  intersects  the  continental 

watershed,  thence  westward  and  northwestward  following  the  line  of 

the  continental  watershed  and  tlu»  snmniit  of  the  Bitter  lioot  range, 

to  its  intert«oction  with  the  thirty-nintb  inenMian,  thence  north  ontbe 

tbirty-iiiiilh  meridian  to  the  boundary  line  between  the  United  States 

and  British  possessions  and  east  on  that  boundary  line  to  the  ^loiutof 

beginning. 
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WYOMING. 

Wyoming  was  organized  as  a  Territory  on  July  26, 1868,  from  territory 
previously  comprised  in  the  Territory  of  Idaho.  Its  limits,  which  are 
the  same  as  originally  constituted,  are  defined  in  the  following  clause 
from  the  act  creating  the  Territory : 

Til  at  all  that  part  of  the  Uuited  States  described  as  follows:  Commonclng  at  the 
intersection  of  the  twenty-seventh  meridian  of  longitode  west  from  Washington 
with  the  forty-fifth  degree  of  north  latitude,  and  running  thence  west  to  the  thirty- 
fourth  meridian  of  west  longitude,  thence  south  to  the  forty-first  degree  of  north 
latitude,  thence  east  to  the  twenty-seventh  meridian  of  west  longitude,  and  thence 
north  to  the  place  of  beginning,  be,  and  the  same  is  hereby,  organized  into  a  tempo- 
rary government  by  the  name  of  the  Territory  of  Wyoming.  (Fortieth  Congress, 
aeoond  session.) 


COLORADO. 

Colorado  was  organized  as  a  Territory  on  February  28, 1861,  with  the 
limits  which  it  has  at  present,  being  made  from  x>ortions  of  Utah,  New 
Mexico,  Kansas,  and  Nebraska. 

On  August  1, 1876,  it  was  admitted  as  a  State. 

The  following  clause  from  the  enabling  act  gives  its  limits : 

AN  ACT  to  pnable  the  people  of  Colorado  to  form  a  conetitation  and  State  gaTenuotnt,  and  for  the 
admlasion  of  sach  State  into  the  Union  on  an  equal  footing  with  the  original  States. 

Skc.  2.  That  the  said  State  of  Colorado  shall  consist  of  all  the  territory  included 
within  the  following  bonndaries,  to  wit:  Commencing  at  a  point  formed  by  the  inter- 
section of  the  thirty-seventh  degree  of  north  latitude  with  %e  twenty-fifth  degree  of 
longitude  west  from  Washington ;  extending  thence  due  west  along  said  thirty-sev- 
ontb  degree  of  north  latitude  to  a  point  formed  by  its  intersection  with  the  thirty- 
second  degree  of  longitude  west  from  Washington ;  thence  due  north  along  said 
thirty-second  degree  of  west  longitude  to  a  point  formed  by  its  intersection  with  the 
forty-first  degree  of  north  latitude ;  thence  due  east  along  said  forty-first  degree  of 
north  latitude  to  a  point  formed  by  its  intersection  with  the  twenty-fifth  degree  of 
longitude  west  firom  Washington ;  thence  due  south  along  said  twenty-fifth  degree 
of  west  longitude.    (Thirty-eighth  Congress,  first  session.) 


NEW   MEXICO. 

New  Mexico  was  organized  as  a  Territory  on  December  13, 1850.    Its 

original  area  formed  a  part  of  the  region  transferred  by  Mexico  to  the 

United  States  by  the  treaty  of  Guadalupe  Hidalgo  and  by  Texas.    It 

was  subsequently  enlarged  by  the  Gadsden  Purchase.    (Vide  pp.  21 

sind  22.)    The  formation  of  Colorado  Territory  in  1861  and  of  Arizona 

hi  1863  reduced  its  area  to  its  present  limits.    {Vide  Colorado,  above, 

uud  Arizona,  p.  125.) 
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The  following  clause  from  the  act  oreatmg  the  Territoiy  givn  its 
original  limits: 

Skction  8.  And  be  it  foriber  enAeted,  That  all  that  portion  of  the  tflrritorj  of  tk 
United  States  bounded  aa  follows :  Beginning  at  a  point  in  the  Colorado  RiTer,  vlwi 
the  boundary  line  with  the  Republic  of  Mexico  crosses  the  same ;  thence  eastwtffi; 
with  the  said  boundary  line  to  the  Bio  Grande ;  thence  following  the  main  ehanadrf 
said  rirer  to  the  parallel  of  the  thirty-second  degree  of  north  latitude ;  tbeoce  Ml 
with  said  degree  to  its  intersection  with  the  one  hundred  and  third  degree  of  ksg^ 
tude  west  of  Greenwich ;  thence  north  with  said  degree  of  longitude  to  the  pstilM 
of  thirty-eighth  degree  of  north  latitude ;  thence  west  with  said  parallel  to  ths  a- 
mit  of  the  Sierra  Madre ;  thence  south  with  the  crest  of  said  mountains  to  the  tUi^ 
ssYenth  parallel  of  north  latitude ;  thence  west  with  said  pfuidlel  to  its  intsneetiii 
with  the  boundary  line  of  the  State  of  California;  thenee  with  aaid  bonndaiy  liaei* 
the  place  of  beginning— be,  and  the  same  is  hereby,  eieeted  into  a  temporsry  gov«n- 
ment  by  the  name  of  the  Territory  of  New  Mexico.  (Thirty-firat  Congress,  ilntM> 
sion.) 


The  present  boundaries  of  New  Mexico  are  as  follows :  Beginning  it 
the  i>oint  of  intersection  of  the  one  hundred  and  third  meridian  of  hap- 
tn4e  west  of  Greenwich  with  the  thirty-seventh  parallel  of  latitude, 
running  thence  south  to  its  i>oint  of  intersection  with  the  thirty-aecood 
parallel  of  latitude;  thence  west  on  this  parallel  to  its  intersection  with 
the  Bio  Grande;  thence  southeriy  down  the  main  channel  of  the  Bio 
Grande  to  its  i>oint  of  intersection  with  the  boundary  line  between  the 
United  States  and  Mexico ;  thence  with  this  boundary  to  its  intene^ 
tion  with  the  thirty-second  meridian  of  longitude ;  thenoe  north  akng 
this  meridian  to  the  thirty-seventh  parallel  of  latitude,  and  soaloiig 
that  parallel  to  the  point  of  beginning. 


UTAH    TEBRirOBT. 

Utah  was  organized  on  September  9, 1850,  from  territoiy 
Mexico  by  the  treaty  of  Guadalupe- Hidalgo.  Its  limits  originally  ex- 
tended from  the  eastern  boandary  of  California  to  the  Bocky  MountUBAf 
and  from  the  thirty-seventh  to  the  forty-second  parallel.  This  area  vie 
reduced  by  the  formation,  in  1861,  of  the  Territories  of  Nevada  (ftf? 
p.  125)  and  Colorado  (see  p.  123),  and  in'  1864  and  1866  by  the  extensioii 
eastward  of  the  limits  of  the  State  of  Nevada  {tfide  p.  126). 

The  following  is  an  extract  from  the  act  creating  the  Territory: 

All  that  part  of  the  territory  of  Iho  United  States  inolniled  within  the  foUowivg 
limits,  to  wit :  Bounded  on  the  west  by  the  State  of  California,  on  the  north  by  tbe 
Territory  of  Oregon,  and  on  iho  east  by  the  summit  of  the  Rocky  Ifoantains,  andts 
the  aouth  by  the  thirty-seventh  parallel  of  north  latitadSy  be,  and  the  aaiM  Is  henkf, 
oreated  into  a  temporary  goyemment,  by  the  name  of  the  Territory  of  Utah. 

The  present  boandariesof  Utah  are  as  follows :  Oommencing  with  tto 
intersection  of  the  forty-second  parallel  of  latitude  with  the  thirty-fourth 
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meridian  of  longitude,  mnning  thence  south  on  this  meridian  to  the 
fori^y -first  parallel  of  latitude,  thence  east  on  this  parallel  to  the  thirty- 
second  meridian  of  longitude,  thence  south  on  this  meridian  to  its  in- 
tersection with  the  thirty-seventh  parallel  of  latitude,  thence  west  upon 
this  parallel  of  latitude  to  its  intersection  with  the  thirty-seventh  merid- 
ian of  longitude,  thence  north  on  this  meridian  to  its  intersection  with 
ibe  forty-seventh  parallel  of  latitude,  thence  east  on  the  forty-seventh 
parallel  of  latitude,  to  the  itoint  of  beginning. 


ARIZONA. 

Arizona  was  organized  as  a  Territory  on  February  24, 1863.  Its  area 
was  formerly  comprised  in  the  Territory  of  New  Mexico.  In  1866  a  por- 
tion of  it  was  cut  off  and  given  to  the  State  of  Nevada.  ( Vide  Nevada, 
below.)  The  following  clause  ftom  the  act  creating  it  gives  its  limits 
as  originally  constituted: 

That  all  that  part  of  the  preaent  Territory  of  New  Mexico  utuate  west.of  the  lino 
mnniiig  due  sonth  from  the  point  where  the  soathwest  comer  of  the  Territory  of  Col- 
orado Joins  the  northern  honndary  of  the  Territory  of  New  Mexico  to  the  soathem 
boundary  line  of  said  Territory  of  New  Mexico,  be,  and  the  same  is  hereby,  erected 
into  a  temporary  goyemment  by  the  name  of  the  Territory  of  Arizona.  (For  limits  of 
the  piece  cot  off  and  added  to  Nevada,  see  that  State.) 

The  present  boundaries  of  Arizona  are  as  follows :  Beginning  at  the 
point  of  intersection  of  the  thirty-seventh  parallel  of  latitude  with  the 
thirty -second  meridian  of  longitude ;  thence  south  along  this  meridian  to 
its  intersection  with  the  boundary  line  between  the  United  States  and 
Mexico ;  thence  with  this  boundary  to  the  Colorado  Bi  ver ;  thence  up  the 
middle  of  the  main  channel  of  the  Colorado  Biver  to  its  point  of  inter- 
section with  the  thirty-seventh  meridian  of  longitude;  north  on  this 
meridian  to  its  intersection  with  the  thirty-seventh  parallel ;  and  east- 
ward along  the  thirty-seventh  parallel  to  the  point  of  beginning. 


NEVADA. 

Nevada,  as  originally  constituted  on  March  2, 1861,  was  formed  from 
territory  taken  from  Utah.  Its  western  boundary  was  made  to  confbrm 
to  the  eastern  boundary  of  California  {vide  California,  p.  129) ;  its  north-, 
em  boundary  was,  as  now,  the  forty-second  parallel ;  the  eastern  was  the 
meridian  of  39^;  and  the  southern  the  parallel  of  37^.  By  the  enabling 
act  the  eastern  limit  was  extended  to  the  thirty*eighth  meridian.  It 
was  admit^^  as  a  State  October  31, 1864,  with  above  limits  as  modified 
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OREGON. 

Oregon  Territory  was  organized  AngaBt  14,  1848.  The  groaodB  of 
oar  title  to  its  area  are  obscnre.  In  treatinisr  with  Great  Britain  for^ 
establishment  of  our  northern  boundary  west  of  the  Bocky  Moantaim 
this  region  was  claimed  on  three  grounds — that  of  discovery  and  ooco- 
pation,  the  Louisiana  purchase,  and  cession  firom  Spain.  On  whidiof 
these  grounds  we  succeeded  in  having  the  boandary  established  on  ^ 
forty-ninth  parallel  will  never  be  ascertained,  and  is  of  little  moment 

The  Territory  as  originally  established  extended  from  the  forty-second 
to  the  forty -ninth  parallel,  and  from  the  Pacifio  Ocean  to  the  crest  of 
the  Bocky  Mountains,  with  boundaries  defined  in  the  orgauiziog  aet, 
as  follows: 

AH  that  part  of  tho  territory  of  the  United  States  which  lies  west  of  the  sominitof 
the  Rocky  Moantains,  north  of  the  forty-second  degree  of  north  Ifttitnde,  koowo  ■ 
the  Territory  of  Oregon,  shall  be  organized  into  and  constitnte  a  temporary  goTtn- 
ment  by  the  name  of  the  Territory  of  Oregon.    (Thirtieth  Congress,  first  session.) 

In  1853  the  Territory  was  reduced  by  the  formation  of  Washingtoo 
Territory  {vide  Washington,  below),  and  on  February  14, 1859,  it  was  ad- 
mitted as  a  State  with  its  present  boundaries.  These  are  defined  below 
in  an  extract  from  the  State  constitution : 

Beginning  one  marine  league  at  sea  due  west  from  the  point  where  the  forty-seoood 
parallel  of  north  iatitnde  intersects  the  same ;  thence  northerly,  at  the  same  distsBoe 
from  the  line  of  the  coast  lying  west  and  opposite  the  State,  incloding  all  islsods 
within  the  Jurisdiction  of  the  United  States,  to  a  point  dne  west  and  opposite  the  mi^ 
die  of  the  north  ship  channel  of  the  Columbia  River;  thence  easterly  to  and  optbe 
middle  channel  of  said  river,  and  where  it  is  divided  by  islands,  up  the  middle  of 
the  widest  channel  thereof,  and  in  like  manner  up  the  middle  of  the  main  ehsnnel 
of  Snake  River  to  the  mouth  of  the  Owyhe^  River;  thence  dae  soath  to  the  psnl- 
lei  of  latitude  forty-two  degrees  north  ;  thence  west  along  said  parallel  to  the  plsce 
of  beginning,  including  Jurisdiction  in  civil  and  criminal  cases  upon  the  CoIuidIhs 
River  and  Snake  River  concitrrently  with  States  and  Territories  of  which  those  riven 
form  a  boundary  in  common  with  this  State.  But  the  Congress  of  the  United  Btaim, 
in  providing  for  the  admission  of  this  State  into  the  Union,  may  make  the  said  uorth- 
em  boundary  conform  to  the  act  creating  the  Territory  of  Washing^n. 


WASHINGTON  TERRITORT. 

This  was  organized  March  2, 1853,  from  a  part  of  Oregon  Territory- 
Its  limits,  as  originally  constituted,  were  as  given  in  the  following  claoM 
from  the  act  of  Congress  creating  it : 

That  from  and  after  the  passage  of  this  act,  all  that  portion  of  Oregon  Tetritoiy 
lying  and  being  south  of  the  forty-ninth  degree  of  north  latitude,  and  north  of  the 
middle  of  the  main  channel  of  the  Columbia  River  from  its  mouth  to  where  the  forty- 
sixth  degree  of  north  latitude  crosses  said  river,  near  Fort  Walla  Walla,  thence  triu 
■aid  forty-sixth  degree  of  latitude  to  the  summit  of  the  Rocky  Mountains,  be  orgao- 

(684) 


OAJiHMT.l  OREGON — ^WASHINGTON CALIFORNIA.  129 
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ised  into  and  constitnte  a  temporary  government  by  the  name  of  the  Territory  of 
Washington.    (Thirty-second  Congress,  second  session.) 

In  1859,  on  the  formation  of  the  State  of  Oregon,  the  residue  of  the 
Territory  of  Oregon,  being  the  portion  lying  east  of  the  present  limits 
of  the  State,  extending  thence  to  the  crest  of  the  Eocky  Mountains, 
was  added  to  Washington.  This  area,  with  the  part  x>f  Washington 
lying  east  of  its  present  limits,  was  included  in  Idaho  on  the  formation 
of  that  Territory  in  1863. 

The  present  boundaries  of  Washington  Territory  are  as  follows :  Be- 
ginning on  the  coast  at  the  mouth  of  the  Columbia  Biver;  following  up 
the  main  channel  of  the  Columbia  Biver  to  its  point  of  intersection  with 
the  forty-sixth  parallel  of  latitude ;  thence  east  on  the  forty-sixth  paral- 
lel to  the  Snake  Biver ;  thence  down  the  main  channel  of  the  Snake 
Biver  to  the  mouth  of  the  Clearwater ;  thence  north  on  the  meridian 
which  passes  through  the  mouth  of  the  Clearwater  to  the  boundary  line 
between  the  United  States  and  the  British  x>ossessions ;  thence  west 
with  that  boundary  line  to  the  Pacific. 


CALIFORNIA. 

California  was  admitted  to  the  Union  on  September  9, 1850.  Its  area 
was  taken  firom  territory  acquired  from  Mexico  by  the  treaty  of  Ouade- 
lupe-Hidalgo.  Its  limits,  as  defined  in  the  State  constitution,  are  as 
follows : 

Commencing  at  the  point  of  intersection  of  forty  second  degree  of  north  latitade 
with  the  one  hundred  and  twentieth  degree  of  longitude  west  from  Qreenwich,  and 
ninning  south  on  the  line  of  said  one  hundred  and  twentieth  degree  of  west  longi- 
tude until  it  intorsects  the  thirty-ninth  degree  of  north  latitude ;  thence  running  in 
a  straight  line  in  a  southeasterly  direction  to  the  river  Colorado,  at  a  point  where  it 
intersects  the  thirty-fifth  degree  of  north  latitude ;  thence  down  the  middle  of  the 
channel  of  said  river  to  the  boundary  line  between  the  United  States  and  Mexico  as 
established  by  the  treaty  of  May  30,  1848 ;  thence  running  west  and  along  said  bound- 
ary line  to  the  Pacific  Ocean,  and  extending  therein  three  English  miles;  thence  run- 
ning in  a  northwesterly  direction,  and  following  the  direction  of  the  Pacific  coast,  to 
the  forty-second  degree  of  north  latitude ;  thence  on  the  line  of  said  Ibrty-seoond  de- 
gree of  north  latitude  to  the  place  of  beginning.  Also  all  the  ^fi^ndf,  harboTB,  and 
bays  along  and  adjacent  to  the  Pacific  coast. 
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OVKJRXISKMBSN'T. 

[BaUetdn  No.  14.] 


The  pnbUoationa  of  the  United  States  Oeologioal  Surrey  are  issaed  in  aeeofdanoe  with  the  ttatnio, 
approved  March  3, 1879,  which  declares  that— 

' '  The  pablioationB  of  the  (Geological  Snrvey  ■ball  consist  of  tiie  annual  report  of  operations,  geological 
and  economic  maps  iUnatratlng  the  resources  and  classification  of  the  lands,  and  reports  upon  general 
and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological  Surrey 
shall  accompany  the  annual  report  of  tiie  Secretary  of  the  Interior.  All  special  memoirs  and  reporta 
of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  other- 
wise in  radinary  octavos.  Three  thousand  copies  of  each  shall  be  publ^hed  for  sdentiflo  exchanges 
and  for  Ae  at  the  price  of  publication ;  and  all  literary  and  cartographic  materials  received  in  exchuige 
shall  be  the  property  of  the  United  Statea^md  form  a  part  of  the  library  of  the  organisation :  And  the 
money  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  United 
States." 

On  July  7, 1882,  the  following  Joint  reaolution,  refetting  to  all  Government  publications,  was  passed 
by  Congress : 

"  That  whenever  ^y  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed 
in  addition  to  the  number  in  each  case  stated,  the  *  usual  number'  (1,900)  of  coplea  for  binding  and 
distribution  among  those  entitled  to  receive  them." 

Under  these  general  laws  it  will  be  seen  ti&at  none  of  the  Survey  publications  are  ftimished  to  it  for 
gratuitous  distribution.  The  8,000  copies  of  the  Annual  Report  are  distributed  tiiroui^  the  document 
rooms  of  Congress.  The  1,900  copies  of  each  of  the  publications  are  distributed  to  the  offleers  of  the 
legislatire  and  executive  departments  and  to  stated  depositoricf  throughout  the  Unltid  States. 

Except,  therefore,  in  those  cases  where  an  extra  number  of  any  publication  is  supplied  to  this  office 
by  special  resolution  of  Congress,  as  has  been  done  in  the  case  of  the  Second,  Third,  Fourth,  and  Fifth 
Annual  B«ports,  c#  where  a  number  has  been  ordered  for  its  use  by  the  Secretary  of  the  Interior,  as  in 
the  case  of  Mineral  Besouroes  and  Dictionary  of  Altitudes,  the  Survey  has  no  copies  of  any  of  its  pub- 
lications for  gratuitous  distribution. 

ANNUAI,  REPORTS. 

Of  the  Annual  Reports  there  have  been  already  published: 

I.  First  Annual  Report  to  the  Hon.  Carl  Schurz,  by  Clarence  King.  1880.  8P.  79  pp.  1  map.— A 
preliminary  report  describing  plan  of  organisation  and  publications. 

n.  Report  of  the  Director  of  the  Uidted  States  Geological  Survey  foa  1880-*81,  by  J.  W.  PowelL 
1882.    8o.   Iv.  B88pp.   81  pi.   Imap. 

ni.  Third  Annual  Report  of  the  United  States  Geologioal  Survey,  1881-*82,  by  J.  W.  Powell.  1888. 
8^.   zvili,  564  pp.   07  pL  and  maps. 

IV .  Fourth  Annual  Report  of  the  United  States  Geologioal  Survey,  1882-*88,  by  J.  W.  PowelL  1884. 
9P.  xii,  473  pp.  86  pL  and  maps. 

The  Fifth  Annual  Report  la  in  preaa. 

MONOGRAPHS. 

Of  the  Monographs,  Nos.  II,  HI,  IV,  V,  VI,  VH,  and  VIII  are  now  published,  vis: 

II.  Tertiary  History  of  the  Grand  Cafion  Diatriett  with  atlas,  by  Claieaoe  S.  Dutton,  Capt,  U.  S.  A. 
1882.    40.     xlv,284pp.    42  pL  and  atlas  of  24  sheets  folio.    Price  $10.12. 

III.  Geology  of  the  Comstock  Lode  and  the  Washoe  District,  with  atlas,  by  Geoif^e  F.  Becker. 

1882.  40.    XV,  422  pp.   7  pi.  and  atlas  of  21  sheets  folio.    Price  ill. 

IV.  Comstock  Mining  and  Minors,  by  Eliot  Lord.    1883.    49.    xiv,  451  pp.    8  pL    Price  $1.60. 

V.  Copper-bearing  Rocks  of  Lake  Superior,  by  Roland  D.  Irving.  1888.  4°.  xvl,  464  pp.  l.-i  L 
29  pi.    Price  $1.85. 

VI.  Contributions  to  the  Knowledge  of  the  Older  Mesoaolc  Flora  of  Virginia,  by  Wm.  M.  Fontaine. 

1883.  40.    xi,144pp.    641.    54  pL    Price  $1.05. 

Vn.  SUver^lead  Deposlto  of  Eureka.  Nevada,  by  Joseph  S.  CurtU.  1884.  4».  jdil,  MO  pp.  16,pl. 
Price  $1.20. 

VUI.  Paleontology  of  the  Eureka  District,  by  Charles  D.  Waloott.  1864.  49.  xlii,  298  sp.  Ml. 
?4pL    Price  $1.10. 


ADVBBTISEMENT. 

The  following:  aro  in  press,  tIe  : 

IX.  Brachiopoda  and  LaroeUibianchiata  of  the  Barltan  Clays  and  Greenaand  Maria  of  Kew  Jsncf. 
by  Robert  P.  Whitfield.    1885.    40.    ix.838pp.    85  pL 

X.  Dinocerata.    A  Monograph  of  an  Extinct  Order  of  Gi|caatto  ICammala,  by  Othnlel  Charies  Ifsish. 
1885.    40.    _,  —  pp.    56  pi. 

XL  Qeological  History  of  Lake  Lahoatan,  a  Quaternary  Lake  of  Northweatem  Nerada,  by  Israel 
CookRassell.    1685.    40.    — , —  pp.    46  pL 
The  following  are  in  preparation,  vis: 
I.  The  Preoions  Metals,  by  Clarence  King. 

Geology  and  Mining  Industry  of  LeadviUe,  with  atlas,  by  S.  F.  Xmmons. 
Geology  of  the  Eureka  Mining  Distciot,  Nevada,  with  atlas,  by  Arnold  Hague. 
Lake  Bonneville,  by  G.  K.  Gilbert 
Saaropoda,  by  Prof.  O.  C.  Marsh. 
Stegosaoria,  by  Prof.  0.  C.  Marsh. 

BUIXBTHrS. 

The  Bolletins  of  the  Snnrey  will  contain  such  papers  relating  to  the  general  porpoae  of  its  woricu 
do  not  properly  come  under  the  heads  of  AmriJAL  Rkpobtb  or  Mohoobaphb. 

Each  of  these  Bulletins  will  contain  but  one  paper  and  will  be  complete  in  itaeIC  Th^  wQl,  haw- 
ever,  be  nambered  in  a  oontinuoos  series,  and  will  in  time  be  united  into  volnmea  of  oonrenieDt  n». 
To  fscilltate  this  each  Bollefin  will  have  two  paginations,  one  proper  to  itself  and  another  #hich  be- 
longs to  it  as  part  of  the  volume. 

Of  this  series  of  Bulletins  Kos.  1  to  14  are  already  published,  vis: 

1.  On  Hypersthene-Andesite  and  on  Trldinic  Pyroxene  in  Augitic  Books,  by  Whitman  Cross,  with 
a  Geological  Sketch  of  Bnilhlo  Pesks,  Colorado,  by  S.  F.  Emmons.  1888.  BP.  42  pp.   2  pi.  Piioe  10  ecsits. 

2.  Gh>ld  and  Silver  Conversion  Tables,  giving  the  coining  value  of  Troy  onnoeo  of  fine  metal,  etc..  by 
Albert  Williams,  Jr.    1883.    80.    11,  8  pp.    Price  5  cents. 

8.  On  the  Fossil  Ftemas  of  the  Upper  Devonian,  along  the  meridian  of  76°  3V,  troA  Tompkins  Coimtj. 
New  York,  to  Bradford  County,  Pennsylvania,  by  Henry  S.  Williams.   ^884.  9P.   86  pp.   Price  5  ceoti. 

4.  On  Mesosoic  Fossils,  by  Charles  A.  White.    1884.    8P.   86  pp.   0  pL    Price  5  centa. 

5.  A  Dictionary  of  Altitudes  in  the  United  States,  compiled  by  Henry  Gannett  1884.  8P.  SSSpp. 
Price  20  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.    1884.    9P,    48  pp.    Price  5  centa. 

7.  Mapoteoa  Geologioa  Americana.  A  catalogue  of  geological  tuKpB  of  America  (North  and  SootIO, 
1752-1881,  by  Jules  Maroou  and  John  Belknap  Maroou.    1884.    SP,  184  pp.    Prioe  10  cents. 

8.  On  Secondary  Enlargements  of  Mineral  Fragments  in  Certain  Bocks,  by  &.  I^  Irving  and  C.  K. 
Vanhise.    1884.    8°.    66  pp.    6pL    Price  10  cents. 

0.  A  Report  of  work  done  in  the  Washington  Laboratory  during  tiie  flsoal  year  1883-*84.  F.  W. 
Clarke,  chief  chemist ;  T.M.Chatard,  assistant.    1884.    8^.    40  pp.    Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  America.    Preliminary  studies  by  Charles  Doolittle  Wskott 

1884.  eP,    74  pp.    10  pi.    Price  5  cents. 

11.  On  the  Quaternary  and  Recent  MoUuste  of  the  Great  Basin ;  with  Descriptions  of  New  Focids,  b; 
R.  Ellsworth  Call ;  introduced  by  a  sketch  of  the  Quaternary  Lakes  of  the  Great  Basin,  by  6.  E 
Gilbert    1884.    9P,    66  pp.^  6  pL    Price  5  cents. 

12.  A  Crystallographic  Study  of  the  ThinoUte  of  Lake  Lahontan,  by  Edward  8.  Dana.  1884.  9* 
84  pp.    8  pL    Prioe  6  cents. 

13.  Boundaries  of  the  United  States  and  of  the  several  States  and  Territories,  by  Heniy  Gauiett. 

1885.  S^.    135  pp.    Price  10  cents. 

14.  The  Electrical  and  Magnetic  Properties  of  the  Iron-Carburets,  by  Carl  Barns  and  YiaeeBl 
Strouhal.    1885.    80.    238  pp.    Prioe  15  cents. 

Numbers  1  to  6  of  the  Bulletins  form  Volume  I,  and  numbers  7  to  14  Volume  XL  Volume  HI  is  set 
yet  complete. 

The  following  are  in  press,  viz : 

15.  On  the  Mesosoic  end  Cenosoic  Paleontology  of  Callfomia,  by  Dr.  0.  A.  White.  188S.  9>.  83pp> 
Prioe  5  cents. 

16.  On  the  higher  Devonian  Faunas  of  Ontario  County,  New  York,  by  J..M.  Clarke.    188S.  F. 

—  pp.    3  pL    Prioe  —  cents. 

17.  On  the  Development  of  Crystallisation,  etc.,  by  Arnold  Hague  and  J.  P.  Iddlngs.    1885.  8°- 

—  pp.    Prioe  —  cents. 

18.  On  Marine  Eocene,  Fresh-water  BUooene,  and  other  Fossil  Mollusoa  of  Western  North  America 
by  Dr.  C.  A.  White.    1885.    80.    »  pp.    8  pi.    Price  —  cents. 

10.  Notes  on  the  Stratigraphy  of  California,  by  George  F.  Becker.    1885.    8^.    —  pp.    Price — cents. 

20.  Contributions  to  the  Mineralogy  of  the  Rocky  Mountains,  by  Whitman  Groaa  and  W.  F.  ffill»> 
brand.    1885.    89,    —  pp.    1  pi.    Price  —  cents. 

21.  The  Lignites  of  the  Great  Sioux  Reservation,  by  Bailey  Willis.    1886.    8^.    _  pp.    5  pL    Priw 

—  cents. 


ADVEBTISEMENT. 

STATISTICAL  PAPERS. 

A  fourth  seriM  of  pnblloAtlons  baving  special  reference  to  the  mineral  reaonrcee  of  the  United  States 
is  contemplated. 

Of  that  series  the  first  has  been  pablished,  vis : 

Mineral  Besoaroes  of  the  United  States,  by  Albert  Williams,  Jr.  1888.  89,  xvii,813pp.  Price  50 
cents. 

The  second  yolnme  of  this  series.  Mineral  Resources  1883  and  1884,  is  in  preparation  and  will  soon 
be  pnt  to  press. 

Correspondence  relating  to  the  publications  of  the  Sarvey,  and  all  remittances,  which  mnst  be  by 
a*08TAL  xoTS  or  MOHKT  OBDBB,  shoold  be  addressed 

To  THB  DiBBCTOB  OF  THB 

Uhitbd  Statu  Gbolooxcal  Subtit, 

Waahington,  D.  O, 
Wabhixotov,  D.  C,  April  30, 1885, 
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PREFACEi 


^arly  iu  1881  one  of  us  sabmitted  to  Pvot  ti.  J^.  Beckel^,  Ideologist 
Id  charge  of  the  Division  of  the  Pacific,  a  brief  digest  of  the  facts  show- 
ing the  singular  adaptability  of  the  electrical  properties  of  the  iron-car- 
burets for  the  classification  of  these  products,  with  the  request  that 
permission  be  given  us  for  the  extension  of  the  work  in  the  laboratory 
of  the  Geological  Survey.  Professor  Becker  at  once  indorsed  the  project 
enthusiastically,  and  owing  to  his  advocacy  our  proposal  shortly  after 
received  the  assent  of  the  Hon.  Clarence  King,  then  Director  of  the 
Survey, — given  with  the  proviso  that  the  electrical  researches  be  not 
prosecuted  to  such  an  extent  as  to  occupy  us  exclusively. 

Divers  special  investigations  and  routine  duties,  together  with  the 
labor  involved  in  providing  for  the  organization  of  a  physical  laboratory, 
prevented  us  from  giving  the  furtherance  of  the  proposed  researches 
the  attention  necessary.  Nevertheless,  data  of  a  varied  character  con- 
tinually accumulated,  while  the  scope  and  the  conception  of  our  general 
problem  enlarged  at  an  unexpectedly  rapid  rate.  The  publication  of 
our  results  in  some  connected  form,  therefore,  urged  itself  more  and 
more  seriously  upon  us. 

About  a  year  ago  our  plan  was  effectually  encouraged  by  Prof.  P.  W. 
Clarke,  chief  chemist  of  the  United  States  Geological  Survey. 

The  ex])eriments  to  be  discussed  in  this  memoir  have  occupied  our 
available  time  during  the  last  five  years.  Notices,  more  or  less  com- 
plete, have  appeared  abroad  from  time  to  time  in  places  not  readily 
accessible  to  the  public.  Some  of  the  papers  it  was  deemed  neces- 
sary to  publish  iu  German  with  considerable  fullness.  But  all  English 
publication  has  been  purposely  delayed,  not  only  because  we  desired  to 
reduce  the  results  originally  expressed  in  terms  of  the  German  stand- 
artls  to  the  more  current  and  now  legal  denominations  of  ohm,  volt,  etc.,' 
but  principally  because  it  seemed  expedient  for  facility  of  comparison 
to  refer  all  our  data  to  the  uniform  temperature,  zero  centigrade.    This 


*  In  making  this  rednction  the  legal  equation,  1  ohm  =  1.06  S.  U.,  was  made  use  of 
in  all  chapters  with  the  exception  of  III  and  IV,  the  results  of  which  were  reduceil 
at  an  earlier  date  and  when  1  ohm  =  l.(K>  S.  U.  appeared  to  be  nearer  the  truth.  This, 
however,  is  of  no  serious  si^niBcauce,  because  in  these  chapt-ers  the  relative  values 
of  resistance  are  alone  of  interest.  The  absolute  accuracy  of  the  reduced  values  is  of 
course  immediately  dependent  on  the  absolute  accuracy  of  the  Qerman  standards 
(Siemens)  at  our  disposal. 
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6  PBEFACE. 

premised  an  accurate  knowledge  of  the  relation  between  electrical  ood- 
dacti\ity  and  temperatnie  for  iron,  for  steel  in  different  states  of  tem- 
per, and  for  cast  iron,  and  required  excessively  tedious  labor. 

The  results  in  Chapter  I  on  the  electrical  temperatnre-coeffident  of 
i  iron-carbnrets  present  an  unexpected  range  of  variation,  and  thus  pos- 

sess intrinsic  interest. 

In  Chapter  II  we  investigate  and  discuss  the  conditions  of  the  open- 
I  tion  of  tempering.    This  chapter  is  fundamental.     Sach  facts  as  essen- 

tially sustain  the  argument  underlying  the  whole  of  the  present  work 
'(  are,  therefore,  emphasized  with  a  larger  number  of  exx>erimental  data 

than  would  otherwise  be  necessary. 
i  In  Chapter  UI  we  attempt  to  throw  new  light  on  the  laws  set  forth 

in  Chapter  II  by  following  them  into  their  ulterior  consequences.  With 
the  aid  of  certain  allied  electrical  properties  of  alloys  and  of  malleable 
cast  iron,  the  nature  of  the  phenomenon  of  hardness  as  presented  bj 
steel  is  discussed  from  every  available  physical  and  chemical  point  of 
view,  within  the  scope  of  the  present  purposes. 

In  Chapters  IV,  V,  and  VI,  the  method  for  the  accurate  definitioD  of 
hardness,  and  the  scheme  of  operatioDS  for  tempering  developed  id 
Chapter  II,  are  consistently  applied  to  analogous  maguetic  phenoroeDa. 
!  The  nature  of  the  dependence  of  magnetization  on  the  three  indepeDdent 

I  variables  of  cylindrical  rods,  viz:  carburation,  ratio  of  dimensions,  hard* 

1  uess,  for  given  conditions  of  structure,  is  carefully  discussed  and  m  part 

graphically  represented.  Enles  are  finally  given  for  the  treatment  of 
magnets,  such  that  exceptionally  great  retentiveness,  both  as  regards 
the  hurtful  elSects  of  temperature  and  time  and  of  shocks,  may  be  con- 
veniently attained  with  the  least  available  sacrifice  of  magnetization. 

We  may  add  that  a  supplementary  Bulletin  is  now  in  preparation, 
in  which  the  very  remarkable  annealing  effect  of  high  temperatnres 
'  (400O . .  lOOOO)  will  be  magnetically  discussed,  and  furthermore  the  de- 
gree of  approximate  coincidence  between  the  physical  state  (of  tbe 
necessarily  linear  rod)  characterized  by  the  unique  maximum  of  mag- 
uetizability  and  the  physical  state  of  maximum  density  of  steel,  will  1)6 
determined.  That  these  states  must  be  found  very  nearly  coincident, 
our  present  results  permit  us  to  predict. 

In  Chapter  VII,  finally,  we  endeavor  to  generalize  upon  the  foregoing 
results,  as  a  whole ;  to  restate  the  fundamental  laws  with  greater  ac- 
curacy and  breadth  of  scope  than  was  possible  in  the  earlier  chapters; 
and,  finally,  to  deduce  from  all  a  method  for  the  physical  definition  of 
iron-carburets. 

Minor  discussions,  the  relevancy  of  which  does  not  justify  their  im- 
mediate introduction  into  the  chapters  proper,  are  frequently  intro- 
duced as  addenda. 

We  desire  in  this  place  particularly  to  emphasize  that  throughoot  the 
present  work  the  terms  ^^themiO'electrically  positive^  and  "  iA^mio-etoc- 
trically  negative^  are  to  be  understood  in  the  way  defined  by  the  original 
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investigatorsi  Seebeck,'  BecquereV  Hankel;^  i.  e.,  with  reference  to  the 
series  arranged  thus : 

—  Bi,...  Ca...  Fe 8b +, 

an  acceptation  which  we  believe  to  be  general  on  the  Continent'  In 
England  the  above  terms  are  received  in  a  sense  which  is  precisely  the 
opposite  of  this ;  that  is,  with  reference  to  the  thermo-electric  series,' 
arranged  thns : 

+  Bi Cu...  Fe.-..  Sb— . 

Of  the  two  methods  of  designation,  the  latter  is  obviously  the  more 
logical  and  consistent,  as  will  readily  be  seen,  for  instance,  if  the  gal- 
vanic and  the  thermo-elemoDt  be  analogoasly  described.  And  if  we 
refrained  from  embodying  the  latter  acceptation  in  this  memoir,  we  have 
done  so  merely  because  of  the  great  liability  to  error  encountered  in 
changing  the  sense  of  every  thermo-electric  expression  and  diagram,  as 
well  as  the  signs  of  all  of  the  many  thermo-electric  data.  Isolated  con- 
structions are  too  apt  to  be  overlooked,  and  this  in  a  way  completely 
to  mar  the  drift  of  the  context.  But  the  English  reader  will  find  no 
difficulty  in  making  this  change  of  sign  for  himself  in  any  set  of  thermo- 
electric data  which  may  interest  him.  To  avoid  all  misconception,  more- 
over, we  give  the  direction  of  current  in  each  essential  case. 

Much  of  the  work  was  done  abroad  in  Professor  F.  Kohlransch's  la- 
boratory. It  is  a  pleasant  duty  which  permits  us  to  extend  to  Professor 
Kohlrausch,  in  this  place,  our  grateful  acknowledgments,  not  only  for 
the  kindly  interest  with  which  he  regarded  the  progress  of  the  experi- 
ments throughout  their  extent,  but  for  much  valuable  advice  by  which 
the  papers  have  materially  profited. 

We  desire  to  mention,  in  conclusion,  that  work  done  by  us  conjointly, 

if  published  in  Oerman,  is  to  be  put  under  S.  and  B. ;  if  in  English,  under 

B.  and  S.,  conformably  with  an  original  agreement. 

C.  BAEU8. 

V.  STROUHAL. 
Physical  Laboratory, 

United  States  Oeologioal  Survey, 

Waahingtany  Deoeniber  1, 1884. 
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4  Hankel :  Pogg.  Ann.,  LXII,  p.  197, 1844. 

'^Cf.  Wiedemann:  Lebre  v.  d.  Elektrieilat,  II,  p.  248  et  seq.,  1883.  Mouason: 
Physik,  III,  p.  381  et  aeq.,  1875.    Janiin :  Conn  de  Pbysiqne,  2d  ed.,  T.  Ill,  p.  42, 1809. 
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and  magnetism,  2  ed.,  Vol.  I,  p.  338-9,  1881. 
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BUPPLEXENTAL. 

The  principal  oontente  of  the  sapplementary  fialletin  referred  to  ii 
the  above  preface  may  expediently  be  placed  on  record  here: 

1.  The  inter-dependence  of  density,  electrical  conductivity,  maximim 
of  {permanent  magnetization,  maximnm  of  permanent  hardness  of  lioeai 
cylindrical  steel  rods,  under  all  permissible  conditions  of  tempentoie 
The  location  of  the  unique  magnetic  maximum. 

2.  The  bearing  of  temi>erature  and  time  of  exposure  on  the  temptf- 
value  of  the  color  of  the  oxide-films. 

3.  The  internal  stiTicture  of  tempered  steeL 

4.  Certain  synthetic  "methods  of  production  of  iron-carburets,  avail- 
able for  the  construction  of  the  classification-diagram. 

B.  &a 

Washington,  March  27, 1885. 
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To  avoid  ambiguity  and  vagueness  we  will  state  here,  at  the  outset, 
that  the  cousiderations  presented  in  this  memoir  apply  to  that  species 
of  hardness  which  can  be  imparted  to  steel  by  a  process  of  temper- 
ing; $•  e.,  by  a  process  of  sudden  cooling  from  a  given  temiierature 
in  red  heat,  accompanied  by  a  stated  amount  of  subsequent  annealing. 
Such  an  operation,  regarded  as  a  method  in  virtue  of  which  the  metal 
acted  upon  experiences  a  particular  and  characteristic  kind  of  strain, 
must  be  accompanied  by  a  series  of  physiciil  effects  peculiar  to  itself. 
It  is  true  that  the  conditions  which  determine  the  efficacy  of  tempering 
will  themselves  have  to  be  accurately  defined.  Even  under  favorable 
circumstances  these  are  not  thoroughly  within  tlie  observer's  coptrol, 
or,  at  best,  ai-e  attainable  with  extreme  difficulty.  AH  ii3sults  are,  there- 
fore, distorted  by  a  variety  of  anomalies.  But  in  the  great  number 
of  data  investigated  a  certain  normal  effect  clearly  appears,  and  it  is 
to  this  that  our  remarks  apply.  In  other  words,  we  have  been  led  in 
an  unavoidably  laborious  way  to  the  results  of  theoretically  perfect 
tempering. 

With  regard  to  the  hardness  of  steel,  we  cannot  as  yet  rigidly  discrimi- 
nate between  the  effect  to  be  ascribed  to  a  change  in  the  quality  of  car- 
buration  and  that  which  is  due  to  the  strain  simultaneously  experienced ; 
u  e.j  the  numerical  value  of  the  importance  of  the  said  effects  has  as  yet 
remained  undeterminable,  though  much  has  been  done  toward  assigning 
to  each  its  i*espective  limit.  But,  a  priori^  in  so  far  as  the  character  of 
this  strain-effect  will  enable  us  satisfactorily  to  interpret  a  majority 
if  not  all  of  the  attendant  physical  phenomena,  we  are  temporarily 
justified  in  giWng  the  mechanical  postulate  preference.  At  all  events 
it  is  frequently  permissible  to  abstract  from  the  chemical  change 
altogether,  and  to  speak  of  tempering  a  rod  to  glass-hardness,  just  sis 
we  do  of  magnetizing  it  to  saturation,  for  instance.  Both  operations 
may  be  said  to  be  such  that  more  of  a  given  kind  of  strain  (hsudness  in 
the  one  case  and  magnetism  in  the  other)  is  originally  imparted  to  the 
rod  than  it  is  able,  of  itself j  to  maintain.  A  part  of  this  disappears,  while 
a  residue,  characteristic  of  the  nature  of  the  rod  and  of  the  physical  cir- 
cumstances under  which  it  exists,  is  permanently  retained.  This  con- 
sideration suggests  some  analogies  between  hardness  and  magnetism. 
Irrespective  of  its  practical  imi)ortance  and  from  a  purely  physical 
point  of  view,  tempering  possesses  an  intrinsic  interest  inferioi:  only  to 
magnetization,  or  indeed  comparable  with  it.  Of  the  enormous  stress 
which  the  former  operation  enables  us  to  apply,  the  steel  rod,  in  virtue  of 
a  peculiar  internal  structure,  retains  a  phenomenal  amount.  This  great 
intensity  of  available  strain  we  may  cause  to  disai)x>ear  as  gradually 
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or  to  reappear  as  often  as  we  please.  Conformably  with  the  change 
of  mechanical  state,  the  extreme  values  of  the  electrical  and  magnetie 
properties  of  steel  comprehend  a  similarly  extended  intervaL  We  are 
thus  enabled  to  follow  these,  in  the  case  of  the  same  material,  tfarangh 
a  range  of  variation  that  is  enormous,  and  mnst  throw  new  li^ht  on  their 
intrinsic  nature. 

Another  point  deserves  brief  mention  here.  If  we  conceive  a  theoret- 
ically perfect  process  of  tempering  to  glass-hardness,  and  suppose  it 
applied  to  rods  identical  in  every  respect,  the  results  must  necessan'lj  be 
identical.  In  other  words,  the  type  of  internal  stnictare  presented  by 
the  first  would  be  reproduced  in  all  subsequent  rods.  Take  the  com- 
paratively simple  but  important  case  of  cylindrical  rods  :  The  density  of 
the  elementary  cylindrical  shells,  coaxial  with  the  respective  cylindeis, 
would  be  the  same  for  the  same  radius;  the  distribution  of  density 
along  similar  radii  would  follow  the  same  law.  If  now  the  rods  be  ideo- 
tically  annealed  the  results  must  still  be  identical,  and  thus  we  arrive 
eventually  at  identical  sofb  states.  It  follows,  therefore,  that  for  rods 
of  the  same  dimensions  {diameter)  and  composition  the  magnetic  prop- 
erties are  immediately  comparable  as  functions  of  hardness. 

This  we  are  no  longer  at  liberty  to  assume  when  the  (cylindrical)  rods 
otherwise  identical,  have  different  diameters.  For  this  reason  alone  the 
rods,  though  tempered  alike,  t.  e,,  subjected  to  the  same  operation,  are  to 
be  regarded  as  structurally  dissimilar.  It  is  in  place  here  to  present  some 
concise  meaning  for  the  term  <<  structure  "  as  applied  to  hard  steel  rods. 
We,  therefore,  define  it  as  the  law  of  the  variation  of  density  encoon- 
tered  on  a  passage  along  any  radius  of  a  given  (cylindrical)  steel  rod 
from  its  axis  to  its  circumference.  This  premised,  it  is  not  absolutely 
impossible  (however  improbable)  that  rods  of  different  diameters,  iden- 
tically tempered,  may,  cceteris  paribusy  show  identical  structures.  That 
such  a  unique  condition  of  things  cannot  be  postulated  is  obvious  at 
once.  Indeed,  the  manner  of  variation  of  the  law  of  distribution  of  den- 
sity, as  we  pass  from  rods  of  a  given  thickness  to  rods  of  any  other 
thickness,  is  not  even  conjecturable,  and  we  cannot,  therefore,  consist- 
ently compare  the  magnetic  intensities  of  rods  of  different  diameters  as 
functions  of  hardness.  In  the  most  favorable  case  we  would  encounter 
in  our  passage  from  rod  to  rod,  besides  the  difference  of  hardness,  some- 
thing of  the  nature  of  a  change  of  parameter,  expressing  the  necessaiy 
difference  of  internal  structure  referred  to.  In  other  words,  it  will  be 
shown  in  the  sequel  that  with  a  given  thickness,  a  characteristic  iamily 
of  magnetic  curves  may  be  obtained,  refterred  to  hardness  and  length  of 
rod  as  independent  variables.  We  infer  that  such  a  family  exists  for 
each  thickness,  and  that  our  passage  &om  one  given  diameter  to  another 
is  expressible  by  a  difference  in  the  value  of  a  parametric  constant 

We  have  mentioned  magnetic  phenomena  in  particular,  because  it  is 
here  that  the  evidence  derived  from  data  illustrating  the  influence  of 
structure  is  singularly  cogent. 
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CHAPTER  I. 

ox  THE  RELATION  BETWEEN  ELECTRICAL.  CONDUCTIVITY  ANB  TEM- 
PERATURE IN  THE  CASE  OF  STEEL  IN  DIFFERENT  STATES  OF  HARD- 
NESS, OF  WROUGHT  IRON,  AND  OF  CAST  IRON. 

STEEL. 

Earlier  results, — The  exi>erimeiits  made  thus  far  od  the  resistance- 
effect  of  temperature''  scarcely  permit  us  to  distinguish  in  this  particular 
between  iron  and  steel.  In  fact,  the  data  in  hand  for  the  said  coeffi- 
cients lie  within  about  the  same  interval,  0.004  to  0.005,  both  for  the 
one  metal  and  the  other.  We  will  give  as  examples  some  of  the  best 
results  of  earlier  observers. 

According  to  Mousson,"  the  electrical  resistance  s,  at  the  temperature 
t  is  expressible  in  terms  of  ««,,  the  corresponding  quantity  at  zero,  by 
an  equation  with  a  single  constant: 

S,:=:S,  (1  +  0.00421  xt) 
for  iron; 

«!=»•  (1+0.00406X  0  to  s,=s,  (1+0.00424X  t) 
for  steel. 

Benoit,'^  who  carried  his  researches  to  much  higher  degrees  and 

through  much  greater  intervals  of  temperature,  finds: 

«!=*•  (1+0.00452  •  t+0.000  005  83  •  t») 
in  case  of  iron; 

»,=:(l+0.00498  •  f+0.000  007  35  •  fi) 

in  case  of  soft  steel. 

Nevertheless  we  felt  justified  in  believing  that  these  researches  in 
case  of  a  substance  which,  like  steel,  is  capable  of  existing  in  so  many 
enormously  different  states  of  hardness,  which  presents  such  an  incom- 
parably wide  range  of  values  of  electrical  conductivity,  are  far  from 
complete;  we  regarded  the  assertion  warrantable  that  steel  cannot,  under 
all  circumstances,  possess  a  temperature-coefficient  of  electrical  resist- 
ance so  little  different  from  that  of  iron.    Indeed,  we  had  reasons  to 

^For  a  very  complete  digest  of  the  experimeutal  resaltM  iu  question,  see  G.  Wiede- 
mann, Lehre  von  der  Elektricitat,  I,  p.  502-510, 1882. 
'Monsson:  G.  Wiedemann,  1.  c,  p.  507. 
^Benoit:  Comptes.  I^end.^  L^CXYI,  p.  342.  1873.    Carrs  Rep.,  IX,  p.  55,  1873. 
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presume  that  between  the  resistance  of  a  metal  in  any  given  phjakal 
state  and  the  corresponding  temperature-coefficient,  a  relation  would  in 
all  probability  be  discoverable,  aud  that  an  example  of  snch  a  relatioii 
could  be  most  satisfactorily  studied  with  steel  itself. 

Analogout  behatior  of  alloyg. — Some  facts  lending  fovor  to  this  vieT 
may  be  cited.     It  is  known  that  alloys  of  two  metals  vary  ju  iiiarl[«i 
degree  as  regards  their  electrical  conductivity  with  the  relative  quan- 
tity of  a  second  or  foreign  metallic  ingredient  added  to  the  oripnal 
nielal.    Great  numbers  of  valuable  results  on  these  relatioDS  hare  been 
gathered  by  Matthiessen  and  Vogt.'"    Thus,  for  inatance,  the  alloj 
silver-platinum,  according  to  these  observers,  shows  the  following  elec- 
trical behavior :     If  A,  be  the  (relative)  electrical   condactivity  of  i 
given  silver-platinum  alloy  at  i° ;  if  volume- percents  of  platinum  allayed 
to  silver  be  understoofl;  aud  if  the  wires  be  supposed  hard  drawn;  then, 
Platinum,    0       i>ercent.  A,=100        -0.38287  •  *+0.000  984  8     •(»; 
Platinum,    2.51  i>er  cent.  A,=  31.640-0.(13930  •  *+0.000  036  43   ■  P; 
Platinnm,    5.05  per  cent.  A,=  18.031-0.01395  ■  (+0.000  Oil  ^   •  C; 
Platinum,  10.05  per  cent.  A,=     C.096-0.00221  ■  (-|-0.000  001  393  •  C. 
If  we  have  reference  to  a  small  interval  of  temperature  only,  these 
results  may  be  more  perspicuously  given  by  the  aid  of  a  single  (mean) 
coefficient  calculated  from  the  obser\'ed  conductivities.     More  dmidf, 
therefore. 

Platinum,  0  per  cent.  A,=100  (1— 0.00383- 
Platinum,  2.5  percent.  A,=  31.6  (1-0.00124  ■ 
Platinum,  5.1  per  cent.  A,=  18.0  (1— 0.W0O77  ■ 
Platiunm,  19.7  per  cent.  A,=  -0.7  (1—0.00033  • 
Herefrom  it  is  obvious  that  the  temperature-coefficient  of  an  alk^ 
varies  continuously  and  in  a  pronounced  way  with  ita  electrical  con- 
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Tia.  l.~-EI«cliical  condaclJTit;  tnd  t«ii>per*tunH:<wlBclent  of  ■Urec-ptkUnam  alloj*. 

ductivity.    This  becomes  all  the  more  strikingly  apjtarent  when  Ibo 
results  are  represented  graphically. 

^'"MattliieBHWi  and  Vogt;  Fogg.  Aim.,  C&XU]  P- 19,  lt»i! 
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Similar  resalto,  bat  less  complete,  and  therefore  superfluous  liere^  we 
ourselves  obtained  with  Germau  silver.  But,  to  give  an  instance :  the 
specific  resistance,  s,,  of  the  German  silver  wire  of  G.  Vogel,  Berlin,  was 
found  to  be  («t  given  in  ctn/cm\  microhm), 

»,=16.4  (14-0.00064  •  t), 
whereas  for  that  of  W.  Siemens,  Berlin, 

«,=39.0  (1+0.000.9  •  t). 

]^ow  we  shall  show  elsewhere  that  the  analogy  between  the  electrical 
behavior  of  steel  in  different  states  of  hardness,  and  that  of  alloys  of 
two  metals  in  different  proportions  is,  from  certain  points  of  view,  very 
complete.  It  follows,  therefore,  that  a  relation  similar  to  the  one  set 
forth  is  to  be  anticipated  in  case  of  steel,  such  that  the  variation  of 
electrical  resistance  produced  by  tempering  must  be  accompanied  by  a 
similarly  continuous  but  inverse  change  of  the  values  of  the  tempera- 
ture-coefficient of  steef.    Our  experiments  fully  corroborate  this. 

Be^iatance-temperature  eqtiation. — Before  proceeding  further,  however, 
we  may  remark  that  it  would  be  impossible  in  case  of  steel  to  adhere  to 
the  very  desirable  formula 

throughout.  Consistency,  therefore,  induces  us  to  assume  a  linear  re- 
lation in  all  cases.  The  reasons  are  these :  the  relation  between  re- 
sistance and  temperature-coefficient  to  be  investigated  necessarily  and 
primarily  excludes  all  possibility  of  permanent  change  in  the  material 
itself.  When  glass-hard  steel  is  examined,  the  interval  of  temperature 
within  which  the  rod  may  be  heated  or  cooled  without  experiencing 
perceptible  annealing  is  very  limited.  The  same  is  true  of  moderately 
annealed  steel.  We  are  as  yet  ignorant  of  the  effects  of  this  kind 
which  may  possibly  also  be  produced  by  cooling  below  zero.  Hence  it 
is  indispensably  necessary  to  vary  the  temperature  of  glass-hard  rods 
only  so  much  as  is  just  called  for,  if  the  measurements  are  to  furnish 
satisfactorily  reliable  data.  Should  an  annealing  effect  occur,  the  re- 
sults would  not  of  course  be  comparable.  Now  the  available  interval 
of  temperature  is  fully  large  enough  for  the  linear  formula.  It  is  in- 
sufficiently so  in  the  other  case ;  for  in  the  quadratic  formula  it  is  possi- 
ble to  change  the  coefficient  of  ^  to  quite  an  appreciable  extent  without 
producing  marked  variation  in  the  values  of  «„  if  only  an  appropriate 
and  compensatory  change  be  made  in  the  coefficient  of  f',  simultane- 
ously.   Hence  the  simple  formula 

«,=#,  {1+at) 
has  been  made  use  of  throughout,  where  t  was  permitted  to  vary  within 
the  interval  10^  to  35^  only. 

Method  of  measurement — The  changes  of  tem])erature,  and  therefore 
also  those  of  resistance,  being  very  slight,  amounting  only  to  a  few 
hundredths  ohm,  it  was  necessary  to  make  the  electrical  mcasurementn 
with  extreme  accuracy.  For  this  purpose  the  method  of  Matthiessen 
and  Hockin,  which  we  have  repeatedly  used,  proved  to  be  admirably 

Bull.  14 3  (609) 
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serviceable.  A  few  modifications  had  to  be  introdaced.  In  the  place 
of  the  two  needles  originally  employed  for  obtaining  contacts  at  fixed 
distances  apart,  and  which  if  submerged  in  water  woald  have  intiD- 
duced  the  disturbing  effects  of  loose  contacts,  two  fine  copper  wires  were 
tightly  wound  around  the  extreme  parts  of  the  steel  rod  ander  exp^- 
ment,  and  fastened  in  a  way  that  made  sliding  impossible.  The  rod 
was  then  alternately  placed  in  two  vessels  containing  cold  and  wann 
water  respectively,  care  being  taken  not  in  any  way  to  strain  the  cop- 
per circuit  wires.  The  short-circuiting  through  distilled  water  ftom  one 
line  copper  wire  to  the  other  is  obviously  negligible. 

The  temperature  of  the  cold  bath  was  approximately  that  of  the  room, 
and  very  constant;  that  of  the  warm  bath  varied  during  a  single  meas- 
urement not  more  than  a  few  tenths  of  a  degree.  Temperature  being 
read  before  and  after  the  resistance  measure^ient,  the  mean  value 
could  be  regarded  as  a  very  satisfactory  datum.  The  steel  rod  exam- 
ined was  placed  first  in  the  cold,  then  in  the  warm,  and  finally  again  in  the 
cold  bath.  The  mean  of  the  measurements  1  and  3  was  therefore  to  be 
combined  with  2,  4  and  6  with  5,  etc.  The  degree  of  approximate 
equality  of  the  results  of  these  distinct  sets  of  observations,  and  the 
agreement  between  the  measurements  1,  3,  4,  6,  etc.,  give  a  good  esti- 
mate of  the  accuracy  of  the  work. 

Material,  Resistance-value  of  oxide-  tints. — The  material  used  was  that 
employed  in  all  our  researches,  English  '' silver"  steel  in  rods  0.15  cm. 
in  diameter.  After  having  been  suddenly  chilled  in  great  numbers, 
certain  of  them  were  annealed  by  the  electrical  current,  in  this  way: 
Having  carefully  polished  the  hard  rod,  it  was  introduced  into  the  cir- 
cuit of  a  dynamo-electric  machine.  As  the  temperature  of  the  wire 
increased  the  oxide-tints  appeared  in  a  strikingly  perfect  manner,  and 
it  was  only  necessary  to  regulate  the  current  cautiously  and  stop  tiie 
operation  at  a  given  moment  to  obtain  any  oxide-tint  desired  almost 
uniformly  over  the  whole  length  of  the  wire.  The  observations  of  this 
paragraph  therefore  give  in  an  approximate  way  the  temper- value  of 
the  oxide- tint  appeanng  in  air  on  a  bright  hard  steel  rod,  in  terms  of 
electrical  resistance. 

Results. — The  following  table,  1,  contains  a  perspicuous  comparison 
of  the  data  of  observation  as  obtained  with  six  steel  rods  in  different 
states  of  temper.  For  the  diameter  2  p  (cm)  of  the  rod  and  the  length 
I  (cm)  direct  measurement  showed  the  resistance  w  (ohm)  at  the  tem- 
perature IP  (C).  Also  the  resistance  W  (ohm)  at  2^.  This  is  sufficient 
for  the  calculation  of  w^  for  Qo  and*  a,  the  required  coefficient  The 
known  dimensions  then  enable  us  to  deduce  the  specific  resistance  i 
(cm/cm^  QO).  Finally,  we  give  the  specific  gravity  J  of  the  wires,  calca- 
lated  for  the  known  dimensions  and  the  known  weight.  Our  object  in 
computing  this  constant  was  primarily  that  of  checking  the  values  for 
the  sections  of  our  rods  as  measured  by  the  aid  of  the  microscope.  Bat 
they  furnish  a  satisfactory  corroboration  of  the  general  increase  of  deos- 
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ity  of  steel  ou  passing  from  the  hard  to  the  soft  state,  couformably  with 
the  results  of  G.  Fromme: 

Tablk  1. — Temperature'Coefficient  of  sUel, 


Rod. 


2  p.  I,  A 


Vf 


GlMshard < 

Auoeded light-yellow.  < 
Annealed  yellow  . . . .  < 

Annealed  blue 

Annealed  li|;ht-blue. .  <  i 


Soft 


ctn. 
2  p=  0. 161 
t^l7. 52 
A-^  7. 56 
2  p=  0. 148 
l^n.  98 
A=  7.67 
2  p=  0. 150 
t=lK17 
A=  7.54 
2p-  0.149 
i^-l«.77 
A=  7.66 
2  p—  0. 148 
i=17. 58 
A—  7.66 
2  p=  0, 146 
t^l7. 13 
Ar:=  7.69 


ohtn. 

0.04528 
20 
24 

0.03107 
06 
10 

0.02782 
84 
81 

0.02043 
47 
45 

0.01948 
46 
47 

0.01600 
94 
96 


10.0 
10.2 
10.4 

ia2 

10.3 
10.6 
10l9 
11.0 
11.0 

lao 

10.1 
10.2 
9.3 
9.5 
9.7 
9.7 
9.9 
10.0 


ohm. 
0.04685 
59 


0.08297 
65 


0.02960 
22 


0. 03191 
75 


0.02097 
•    70 


0.01850 
27 


to* 


32.0, 
29.5 


8&5 
32.2 


83.2 
29.6 


32.5 
29.8 


81.6 
27.7 


3Z5 
20.4 


ohm. 
0.04450 


0.08030 


0. 00161 
160 


0.00260 

2B8 


0.02698 


0. 01978 


0.01881 
'0.'6i625' 


0.00278 
279 


0.00327 
382 


0.00357 
363 


0.00428 
419 


miorohm, 
45.7 


2&9 


26.8 


30.5 


1&4 

'ii*9 


If  for  a  we  take  mean  values,  and  compare  these  with  the  degrees  of 
hardness  of  steel,  characterized  by  «,  we  obtain  more  clearly: 

Tadi.e  2. — Oxidc'tintj  specific  electrical  reatstatice  and  tfleolrioaZ  temperatttre-coefflcient  of 

steel. 


Glambard 

Annealed  light  yellow 

Annealed  yellow 

Annealed  bine 

Annealed  light  bine  . . 
Soft... 


,?™  o«> 

a 

cm* 

mien^m. 

45.7 

0.00161 

2a9 

244 

2&3 

280 

20.5 

880 

18.4 

860 

15.9 

428 

The  electrical  temperature'Coefficient  of  steely  therefore^  decreases  in  pro- 
portion as  its  specific  resistance  or  its  degree  of  hardness  increases^  at  a 
rate  diminishing  as  we  pass  from  soft  to  hard  steel. 

The  following  little  table  interpolated  from  the  above  values,  for  prac- 
tical purposes,  may  be  put  on  record  here: 


Table  ^.—Specific  electrical  resistance  and  electrical  temperature-coefficient  of  steel. 

tical  tnhle. 


Prao- 


§ 

a           ^ 

• 

a 

1 

1           • 

a 

1 

1 

• 

« 

cm  «, 

cm    ^ 

®™_0o 

cm   ^ 

cm* 

cm* 

cm* 

cm* 

microhtn. 

» 

ffitcroAM. 

• 

nwerohm. 

1  microhm. 

10 

0.0050 

21 

0.0083 

32 

0.0022 

43 

0.0017 

11 

4^ 

22 

32 

83 

21 

44 

17 

12 

46 

23 

31  , 

34 

21 

45 

16 

13 

44 

24 

29 

35 

21 

46 

16 

14 

42  ; 

25 

28 

86 

20 

47 

15 

15 

41 

26 

27 

87 

19 

48 

15 

16 

39 

27 

27 

38 

19 

49 

15 

17 

38 

28 

26 

39 

19 

60 

15 

18 

36  ! 

29 

25  ; 

40 

18  1 

60 

18 

19 

35 

30 

24 

41 

18 

70 

18 

20 

34 

31 

23 

4i 

1 

17 

;           8(1 

12 

(611) 


20 


IB0N-CARBUBET8. 


(BULLli 


WROUGHT    IRON. 

Digest  of  earlier  results. — The  relation  between  electrical  resistaDoe 
and  temperature  in  case  of  iron  has  been  studied  by  a  large  number  of 
observers,  among  whom  Lenz,  Becquerel,  Amdtsen,  Mousson,  and 
others,  are  to  be  mentioned.  But  the  most  comprehensive  and  accarate 
data  are  unquestionably  those  given  by  Matthiessen  and  VogtJ^  Tbese 
will  therefore  be  discussed  here. 

Matthiessen  and  Vogt  assume  the  quadratic  formala 

for  A,  the  conductivity  of  any  given  metal,  relatively  to  hHnl-dranii 
silver  (A^sslOO).  Their  results  for  a  and  ft,  in  case  of  fifteen  samples  of 
iron,  conveniently  abbreviated,  are  contained  in  Table  4. 

Table  i.-^Electrioal  temperature-coefficient  and  deotrical  conductivity  of  divert  9amplt*f4 

iron. 


Detorlption  of  sample. 


Electrotype  iron ;  lfo«.  2  and  4  ignited  in  hydrogen  and 
in  air,  reapecUroly 


Drawn  Iron  wire,  analysed  chemically. 


Iron  wires  of  different  degrees  of  carboration 


Piano-forte  wire 
Watc^npring 


1 


Commercial  iron  wire. 


Ko. 

a 

b 

1           »o 

1 

0.512 

0.00129 

(1«.«W)'» 

2 

0.810 

134 

iiasi«n« 

3 

0.514 

182 

nsiW)" 

4 

0.509 

127 

(l«.SI4j« 

5 

0.473 

112 

15l712 

0 

0.472 

112 

15C44I 

7 

0.440 

102 

11304 

8 

0.453  i 

112 

ltJ32 

9 

0.463 

109  . 

14.723 

10 

0.418 

092 

]&«» 

U 

0.404 

092 

OKI 

12 

0.307 

091 

8L44S 

13 

0.425 

092  1 

13.93 

14 

a340 

068  , 

&Sff 

15 

0.428  ! 

000  1 

1&T74 

For  the  sake  of  facilitating  a  comparison  of  the^  results  with  oar 
own,  we  reduced  them,  as  nearly  as  possible,  to  absolute  values  of 


Qo  microhm,  by  accepting  for  "silver  hard,"  for  which  Matthiessen 


cm 
cm^ 


and  Vogt  put  A =100, 


»= 1.574. 


Moreover,  the  values  have  been  arranged,  commencing;  with  pare 
iron,  in  the  order  of  the  values  for  resistance,  the  coefficient  of  quadratic 
t  being  discarded  and  only  linear  d  introduced.  The  interpretation  to 
bo  given  to  "n'  interpolated"  will  bo  explained  presently. 

"  Matthiessen  and  Vogt :  Pogg.  Ann.,  CXVIII,  p.  431, 1863. 

'^Probable  value  for  pure  iron,  hard,  deduced  from  the  obeervations  with  impnre 
metal,  from  an  inspection  of  the  respective  temperature-coofflcionts. 
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Tablk  5. — Specific  elccirioal  rt9i»iamoc  and  eUotrioal  temperature-coeffident  of  different 

kmdeofiron. 


DMeiiption  of  sample. 


No«.l  to4 

Ka  5 

Na  •... 

Ko.  9 -- 

No.  7 

.  _         -*- 

Ko.l5 

Nal8 

Nol  8 

No.  10 

No.  11 

No.  12 

NaU 

BteeLaoft 

mierohfn. 
9.4 
10.0 
10.1 
10.7 
11.1 
11.4 
11.8 
13.0 
14.8 
15.9 
16.7 
18.4 
1&.9 


a 

a 

observed. 

inlorpolated. 

0.0062 

0.0052 

47 

50 

47 

60 

46 

49 

46 

48 

43 

47 

42 

46 

45 

44 

42 

41 

40 

40 

40 

87 

34 

86 

42 

40 

Resuttance-lemperature  equiUions  of  iron  and  of  steel. — The  Arst  liii<^  of 
these  data,  showing  the  mean  valne  of  a  number  of  observations  with 
pure  iron,  is  the  most  reliable.  If  this  be  added  to  our  results  for  steel 
(Table  2),  the  whole  series  of  results  may  be  compared  graphicnlly,  by 
representing  specific  resistance, «,  as  abscissa  temperature-coefficient,  a, 
as  ordinate.  The  points  lie  satisfactorily  on  a  locus  of  definite  charac- 
ter, which  in  its  turn  may  be  utilized  for  purposes  of  interpolation.  In 
this  way  the  last  column  of  the  foregoing  table  (^^a  interpolated")  has 
been  deduced,  the  temperature-coefficient  for  each  value  of  specific  re- 
sistance for  the  sample  of  iron  cited  being  selected.  The  discrepancies 
or  differences  between  observed  and  calculated  results  are  not  larger 
than  a  combination  of  observations  made  on  the  great  variety  of  mate- 
rial by  di£ferent  observers,  together  with  the  wide  range  of  poyible 
errors  incident  to  all,  would  lead  us  to  anticipate.  Even  the  position 
of  soft  steel  with  reference  to  the  curve  is,  in  every  respect,  satisfac- 
tory. It  is  in  this  way,  finally,  that  the  practical  results  in  Table  3 
were  derived. 

Benoit^^  finds  the  following  relations  between  resistance  and  tempera- 
ture for  soft  iron  and  soft  steel,  respectively: 

«.=0.1272  (1-f  0.00452  •  t-f  0.0000058  •  fi), 
and 

«,=0.1U9  (1-f  0.00498  •  t-f  0.0000074  •  t% 

These  results  referred  to  microhms  and  cm /cm*  are 

«=:12.1  ^=0.00452 

for  iron,  and 

«r=10.9  a=:0.00498 

for  steel.    Both  sets  of  values  are  in  good  accordance  with  our  graphic 

representation.    We  obtain  by  means  of  this : 

For  «=12.1,  the  value  a=0.00457, 
and 

For  «=10.9,  the  value  a=0.00485. 

*3B6D0it:  ComptM  reDd.,LXXVI,  p.  342,  1873.    WiedemaDn,  1.  c,  p.  085.    The 
Bmall  yalae  tszlO.Q  obtained  by  Benoit  for  soft  steel  is  remarkable  and  exceptional. 
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CAST-IRON. 

AfUicipative  results. — ^Of  particular  interest  in  oonnection  with  this 
discnssion  is  the  behavior  of  the  inost  highly  carbnrized  of  commereiAl 
iron-productSy  cast-iron.  Observations  for  pairs  of  the  electrical  magni- 
tades  under  consideration,  for  this  material,  are  not  in  hand.  Else- 
where we  will  describe  certain  experiments,  made  in  some  number,  with 
reference  to  the  thermo-electric  and  galvanic  properties  of  cast-iroo. 
Here  we  need  only  mention,  that  the  specific  resiBtance  of  this  metal  is 
very  decidedly  larger  than  the  largest  attainable  results  for  glass-hard 
steel.  If,  therefore,  a  relation^^  between  electrical  conductivity  aod 
electrical  temperature-coefficient  of  the  kind  premised,  actually  exists, 
then  this  latter  quantity  must,  in  like  manner,  be  smaller  than  the 
smallest  results  arrived  at  in  case  of  steel. 

To  test  this  inference,  three  samples  were  selected  from  our  supply  of 
cast-iron  rods,  Nos.  13, 14, 15,  each  about  25  cm.  in  length,  and  their 
resistance  in  the  soft  or  thoroughly  annealed  state  (annealed  at  red  heat 
and  cooled  very  slowly)  determined  at  different  convenient  temp^a- 
tures.  But  this  resistance,  in  view  of  the  comparatively  large  sectioa 
of  the  said  rods  (about  0.4  cm^)  being  as  small  as  0.004  ohms,  the 
measurement  had  to  be  made  even  with  greater  precaution  than  was 
necessary  in  the  case  of  steel. 

Method  of  measurement — ^The  method  of  measurement  was,  however, 
essentially  identical  in  the  two  sets  of  experiments,  being  Matthiessen 
and  Hockin's.  The  terminal  wires  of  copper,  wherever  necessary  iB- 
sulated  by  glass  tubes,  were  wrapped  around  and  soldered  to  the  cast- 
iron  rods ;  these,  together  with  the  insulated  terminals  and  a  good 
thermometer,  introduced  into  a  wide  glass  tube.  Through  the  latter, 
closed  at  both  ends  by  suitably  perforated  corks,  securing  tubes  of  in* 
flux  and  efflux,  vapor  at  the  boiling  point  of  the  respective  liquids  con- 
tinually circulated.  Methyl  alcohol  vapor,  and  steam  were  especially 
convenient.  The  tube  itself,  thickly  jacketed  with  felt  and  cloth,  showed 
a  desirably  constant  temperature  throughout  the  course  of  the  work. 
All  these  precautions  were  necessary,  for  the  ulterior  reason  of  exdnd^ 
ing  possible  thermo-electric  action  at  the  junctions  of  cast-iron  and  cop- 
per. Such  currents  are  otherwise  readily  evoked  in  intensity  suflBcient 
utterly  to  vitiate  the  accuracy  of  the  measurements. 

Results. — ^The  following  table  will  show  that  the  experiments  con- 
ducted with  this  care  were  satisfactorily  succeessful.  Here  a  and  i 
denote  the  sides  of  the  approximately  rectangular  section  of  the  cast^ 
iron  rods  ]  2,  the  effective  length  in  the  resistance  measurements.  Froni 
an  inspection  of  the  resulting  errors,  the  linear  relation  assumed  to  exist 

>^A  detailed  discusfiion  regardiDg  the  electrical  effects  of  the  strain  accompaoyiBg 
hardneas  and  of  oarbnration,  respectively,  will  be  given  in  Chapter  III. 
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between  resistance  and  temperature  within  the  interval  0^— ICKP,  will  be 
found  to  be  acceptable. 
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Fio.  2  — BUignun  of  the  reUUon  between  iiperlflc  elfctrioal  renlntance  ami  tcmperatura-coi'Clcleiit  fur 

wrouKht  iron,  for  steel,  and  for  cast  iron. 

The  results  show  that  the  mean  temperature'Coefflcient  of  cast  iron 
falls  very  fairly  on  what  may  be  considered  a  prolongation  of  the  locus 
obtained  for  iron  and  steel  (see  figure),  or  that  the  electrical  te^^)e^a- 
ture-coefficients  of  iron-carburets,  in  general,  may  be  regarded  as  a  defi- 
nite function  of  the  respective  specific  resistances: 

Table  6.~TeiiijMratiir0-€Of^'«»l  of  ewX-iron, 
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DEDUCTIONS. 

Analogous  behavior  of  alloys  and  of  iron-carburets. — ^The  data  oonttiDed 
in  the  above  tabled  throw  some  light  on  the  probability  of  an  analogy 
between  alloys  generally  and  iron  carburets,  inasmuch  as  they  shov  a 
certain  similarity  of  behavior  in  both  kinds  of  prodacts.  It  is  not  inn 
possible  that  we  have  here  in  hand  examples  of  a  general  law;  in 
other  woTdSt  it  may  be  plausibly  argued  that  whenever  the  properties 
of  a  primary  metal  are  altered  by  addition  of  various  quantities  oi  i 
second  snbstance  (metallic  or  non-metallic)  alloyed  thereto,  that  tbeo 
the  known  variation  of  electrical  resistance  is  invariably  accompanied 
by  a  corresponding  variation  of  the  electrical  tenii>eratnre-eoefficient— 
in  such  a  way  that  an  increment  of  the  former  corresponds  to  a  deci^ 
ment  of  the  latter  in  accordance  with  some  fundamental  relation.  Id 
the  case  of  ordinary  alloys,  small  quantities  of  a  second  metal  are 
alloyed  to  the  original  material,  producing  the  known  electrical  effect. 
In  the  case  of  steel  the  process  of  tempering  is  the  cause  of  a  change 
in  the  quality  of  carburation,  so  that  in  a  highly  tempered  bar  more  con- 
bined  or  electrically  active  carboii  is,  as  it  were,  alloyed  to  iron  than  in 
one  of  inferior  tem})er  or  in  a  soft  rod.  Hence  the  corresponding  dec- 
trical  effect.  But  it  is  well  to  waive  this  subject  here  to  discuss  it  more 
satisfactoril3^  in  another  chapter. 

Temptrature-coefficient  and  volume. — We  shall  show  elsewhere''  that  for 
steel  at  least,  and  possibly  lor  all  non-electrolyzed  conductors,  the  spe- 
cific resistance  may,  with  some  fitness,  be  regarded  as  a  volume-fnnctioD 
only.  Probably  a  similar  remark  may  also  be  made  with  reference  to 
the  temperature-coefficient  of  steel,  and  it  would  appear  that  with  tbis 
metal,  the  most  promising  of  the  available  means  for  the  study  of  the 
beai-ing  of  specific  volume  on  specific  resistance  and  temperature-co- 
efficient, is  furnished  us.  Glausius^*  was  the  first  to  call  attention  to 
the  approximate  proportionality  of  the  resistance  of  most  pure  metals 
with  their  absolute  temperatures.  If  we  accept  Mathiessen's  general 
relation  between  resistance  and  temperature  for  pure  metals : 

s,=8o  (l+ae+««),        a=0.003824,         ^=0.000  001 26 


and  put 


ds, ^1 

3t  ""273* 


we  find  that  at  about  60^  G.  the  said  proi)ortionality  is  accurate. 
There  would  be  some  propriety,  therefore,  in  considering  this  state  of 
the  metals  in  question  as  a  normal  state,  and  the  corresponding  specific 

'»  Chapter  III. 

»« Clausing:  Pogg.  Ann.,  CIV,  p.  650,  1858.  AuerbacU  (Wied.  Ann.,  VIII,  p.  fi^f 
1879)  has  endeavored  to  explain  this  circnmstnuce,  and  also  to  interpret  the  exeep- 
tional  value  encountered  in  case  of  iron. 
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resistance  as  their  norma!  resistance.  It  may  be  remarked,  in  passing, 
that  the  temperature  to  which  soft  steel  must  be  cooled  in  order  (theo- 
retically) to  annul  its  resistance  coincides  very  nearly  with  the  absolute 
zero  of  tem])erature. 


ADDENDUM. 

STATEMENT    OF   A    RESISTANCE    METHOD    FOB    THE    MEASUREMENT 

OF  HEAT-CONDUCTIVITY. 

The  success  of  the  above  application  of  Matthiessen  and  Hockin's 
method  for  the  accurate  measurement  of  very  small  increments  of  resist- 
ance,  has  suggested  to  us  the  availability  of  the  same  method  in  deter- 
mining the  necessary  data  for  the  calculation  of  heat-conductivity. 

The  subject  of  heat-conductivity  has  of  late  been  largely  discnsse<l, 
especially  in  German  literature.  In  most  of  the  cases  new  methods 
have  been  proposed  and  employed.  Our  object  herewith  is  to  offer  an 
experimental  modification  of  the  well-known  method  due  to  Biot,  but 
first  applied  by  Depretz,^^  which  we  believe  has  certain  practical  ad- 
vantages. 

Depretz  heats  the  ends  of  a  straight  rod  of  uniform  section  to  different 
constant  temperatures  Tand^(T>^).  After  the  stationary  thermal 
condition  has  set  in,  f„  t„  ^,  the  temperature  of  any  three  consecutive 
right  sections,  at  the  same  distance  I  apart,  respectively,  are  related  as 

follows : 

«^+e-M«=:(t,+y  :  f, (1) 

where,  moreover,  /i  for  rods  of  the  same  section  and  of  the  same  exter- 
nal conductivity  is,  under  the  assumption  of  constant  Z,  inversely  pro- 
portional to  the  square  root  of  heat-conductivity.  Suppose,  however, 
that  instead  of  measuring  the  temperatures  at  three  consecutive  equi- 
distant sections,  we  propose  to  determine  the  resistances  of  three  con- 
secutive equal  lengths  I  of  the  rod,  after  the  thermal  condition  has 
become  stationary.    We  have 

dr=-(l+flft)dir, 

where  dr  is  the  elementary  resistance  corresponding  to  the  length  dr, 
at  the  temperature  ^  9  the  specific  resistance  of  the  material,  q  its  (uni- 
form) section,  a  a  given  constant  In  view  of  the  steady  thermal  fiow, 
we  may  write 

dr=^[l+a(Ctf^«-f  C'c-**)]  dr. 

If  this  equation  is  integrated  successively  between  the  limits  U  and  Zi, 
U  and  2|,  {4  and  I3,  where  U^lyz^l^-^li^sil^^J^zrzlj  we  obtain  three  equa- 
ls Deprotz:  Ann.  d.  chim.  XXXVI,  p.  422,  1827;  Of.  Langberg,  Fogg.  Ann.,  LXVI, 
p.  1, 1845;  Wiedemann  and  Franz,  Pogg.  Ann.,  LXXXIX,p.  497^16Ei&. 
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tions  from  which  the  constants  C  and  C^  may  be  eliminated.    The  fs^ 
lowing  relation  resnlts: 


Til 


-1 


where  r.  is  the  resistance  of  the  length  2,  at  zero.     Kqnation  (2)  might 
have  been  more  elegantly  derived  indirectly  from  equation  (1)  above. 


Fig.  3.— DUgram  of  a  resiatuice-apparataa  for  measaring  heat  condactiTity. 

Suppose,  now,  that  in  connection  with  this  result  we  use  Hockin  aod 
Matthiessen's  device  of  two  corresponding  sliding  contacts  in  the  man- 
ner indicated  in  the  annexed  diagram.    Let 

Let  the  points  wt',  w'',  Wi m4  on  the  wire  6e  correspond  to  l\  i", 

2i .• . . ^4  in  such  a  way  that,  if  connection  be  made  between  any  two  of 
them  with  the  prolonged  terminals  of  a  galvanoscope  O^  tbe  needle  of 
the  latter  will  receive  no  additional  impulse  on  momentarily  closing  tbe 
key  K.    Then  we  may  write 


tWj — tWi 


2n=  - 


w"— m 


,-1+ 


Wt4 — WI3 


-I 


1113 — WI2 


-1 


whence  it  follows  that  Depretz^  method  by  application  of  Hockin  and 
Matthiessen's  device  may  be  theoretically  reduced  to  a  simple  meaturt 
ment  of  lengths. 

It  is  not  our  object  here  to  go  into  any  practical  details.'*  But  we 
may  remark  that  hurtful  thermo-currents  may  be  reduced  to  a  mini- 
mum by  using  a  sliding  contact  at  the  points  2  of  a  material  thenno- 
electrically  similar  to  the  rod  to  be  examined.  Their  efiect  would  be 
that  of  changing  the  position  of  equilibrium  of  the  needle  of  the  gal- 
vanoscope, and  they  would  not  seriously  influence  the  impulse  given 
to  it  by  momentarily  closing  K.  Moreover,  the  ends,  X  and  3f.  of  an 
independent,  permanently  closed  bridge-wire  may  be  so  adjusted  as 
to  compensate  the  thermo-electric  disturbance  entirely  (end  X),  and 

IS  The  oompendions  forni  of  WbeatstoDe^s  Bridge,  invented  by  Kohlrauncb,  snggcsU 
itaelf  for  theBe  meaBatemQiiXA. 
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yet  not  interfere  with  the  measurement  (end  M).    In  this  case  it  is  not 

necessary  to  close  I' {4  for  a  short  time  prior  to  closing  K^  but  both 

may  be  closed  momentarily,  the  latter  contact  a  little  before  and  a  little 
after  the  particular  one  of  the  former,  with  reference  to  which  the  ob- 
servation is  made. 

It  is  our  intention  to  endeavor  to  apply  a  procedure  of  this  kind  for 
the  purpose  of  investigating  whether  the  abnormal  diminution  of  elec- 
trical conductivity  due  to  tempering  (about  70  per  cent.)  is  accompa- 
nied by  acorresponding  variation  of  heat-conductivity.  The  plan  would 
be  the  same  as  that  detailed  elsewhere.^^ 

••Stroahal  and  Barna,  Wied.  Ann.,  XI,  p.  976,  1880;  ibid.,  pp.  95.^4,  977. 
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CHAPTER    II. 

'  ON  THE  COXDITIONS  WHICH  IN  THE  CASK  OV  STlSSr.  ESSEXTIALLT 
DETERMINE  THE  EFFICACY  OF  THE  OPERATION  OF  TEMPEBI>'6: 
THE  MEASUREMENT  OF  THE  STATE  OF  RARI>7rB8S   OF  STEEL. 
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INTRODUCTORY    REMARK& 

Origin  of  the  work, — At  the  outset  of  the  present  series  of  experi- 
ments it  was  oar  object  to  subject  the  relation  existing  between  the 
amount  of  magnetization  which  saturated  steel  rods  can  permaDentiv 
retain,  and  their  mechanical  condition,  particularly  their  state  of  hard- 
ness, to  a  new  and  rigid  investigation.  We  were  led  to  this  undertak- 
ing by  the  results  shown  in  a  paper  by  Barus,^  in  which  it  appean 
that  the  electrical  properties  of  steel — its  thermo-electric  power  and 
specific  resistance  primarily — famish  a  datam  of  singular  seusitireDess 
for  the  hardness  of  this  material.  It  therefore  lay  within  our  scope 
and  purpose  to  invent  a  method  for  obtaining  as  many  well-defined  de- 
grees of  hardness  between  the  glass  hard  or  suddenly  chilled  state  on 
the  one  hand,  and  the  soft  or  thoroughly  annealed  state  on  the  otiier, 
as  would  be  practicable. 

During  the  x)rogress  of  the  work,  however,  the  phenomena  attending 
the  operation  of  tempering,  as  exhibited  by  the  thermo-electric  power 
and  the  specific  resistances  of  the  different  stages  of  hardness  of  steel, 
began  more  and  more  to  engross  us,  and  eventually  became  of  sufficient 
importance  to  occupy  our  attention  wholly.  Thus  it  was  that  a  special 
research,  though  partaking  of  the  nature  of  a  digression  and  calling  for 
a  larger  expenditure  of  time  than  bad  been  allotted  to  this  part  of  tiie 
projected  series  of  experiments,  became  almost  necessary.  The  data  in 
hand  throw  new  light  on  the  conditions  determining  the  temper  of  steel, 
and  indeed  enable  us  to  discuss  the  whole  subject  perspicuously  and 
from  a  general  standpoint.  These  remarks  will  suffice  to  account  for 
the  origin,  purpose,  and  disposition  of  the  parts  of  the  present  chapter. 

Material  used. — Tne  steel  used  in  this  work  was  of  the  kind  known  as 
"English  silver-steel.""  It  came  to  our  hands  in  the  shape  of  rods, 
about  30  cm.  long,  varying  in  diameter  between  0.03  cm.  and  0.01  cm., 
drawn  accurately  cylindrical  for  the  use  of  watchmakers.  The  rods 
were  nominally  identical  in  composition,  and  obtained  from  Cooks' 
Brothers,  of  Sheffield  and  Manchester.    In  view  of  the  great  complexity 

^0  Barus,  Pliil.  Mag.  (5),  VIII,  pp.  341-68, 1879  j  Wied.  Ann.,  VII,  p.  338,  1879.    Ct 
Appendix  to  this  Bulletin,  p.  203. 
«'  See  Chapter  VII. 
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and  vagaracss  associntetl  with  tbe  term  steel,  it  ap|icared  Decctutary  to 
cou&De  the  operatinii»  to  the  given  type  of  this  material — an  oxvep- 
tioiially  favorable  type,  moreover,  when  considered  with  refereuco  to 
the  enormoaa  iuterval  of  bardoeaa  comprebeuded  between  its  glass-bard 
and  soft  stAtes.  Chemical  analysis  of  this  iudividnal  member  of  the 
inflnite  family  of  possible  ateols  would  bave  been  more  tbau  useless,  as 
will  clearly  appear  from  a  perusal  of  tbe  present  series  of  iiai)er8  as  a 
whole.  As  a  rule  we  draw  our  iufereucea  from  rods  bniken  fmni  u  sin- 
gle longitudinally  homogeneous  sample  only.  The  jmR'ly  physical 
relation  sought  is  thus  investigated  unaffected  by  sccondiiry  phenomena 
or  distortions,  while  the  material,  as  it  were,  is  reprc^euted  by  a  series 
of  temporarily  constant  parameters.  In  the  present  chapter  this 
method  of  research  is  suggested  naturally  by  the  ex]>eriments  them- 
selves, and  satisfactory  material  is  easily  obtained.  lint  in  the  later 
chapters  on  magnetism,  where  the  necessity  of  using  chemically  and 
structurally  identical  rods  is  much  more  urgent,  these  essential  condi- 
tions are  often  aeoared  only  with  difflcnlty. 


APPABATUS    FOR   IHPABTINQ    QLABS-HARONESS   TO   STEEL. 

In  view  of  the  great  nnmbcr  of  steel  wires  to  be  terai>ered,  the  con- 
struction of  an  apparatus  by  the  aid  of  which  the  oi>eration  of  sudden 
cooling  could  be  expeditiously  and  conveniently  carrit^d  out,  and  which 
would  impart  to  tbe  wires  a  uniformity  of  hardness  throughout  their 
length,  was  an  essential  requisite.  Tbe  following  machine  answered 
the  puriwse  satisfactorily : 


■■i^V 
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In  figure  4,  A  is  a  hollow  cylinder  9  cm.  long,  of  deDse  (box)  wood,pio- 
vided  with  a  circular  groove  and  slot  so  as  to  admit  of  its  being  secai^ 
fastened  by  a  sort  of  bayonet-joint  to  a  substantial  tripod,  or  again  i^ 
moved,  con venien  tly.  Into  the  lower  and  wider  part  (3.0  cm.  in  diameter) 
of  the  aperture  a  closely-fitting  faucet  communicating  with  the  water- 
mains  by  means  of  a  hose,  is  inserted ;  into  the  upper  opening  of  the  bum 
(1.5  cm.  in  diameter)  there  is  fitted  a  glass  tube  of  thin  material  andaboot 
30  cm.  long.  This  serves  primarily  as  a  protecting  envelope  for  thestMl 
wire  stretched  in  its  axis.  Besides  this  gradually  tapering  canal,  tlie 
box- wood  cylinder  is  provided  with  a  second  perforation  at  right  anglff 
to  the  axis  of  the  latter,  in  which  a  thick  steel  rod  S  (0.5  cm.  in  diameter) 
fits  snugly. 

The  wire  to  be  hardened  is  drawn  tensely  between  two  clamp-scroTs, 
in  connection  with  the  terminals  of  a  powerful  battery,  in  the  following 
way :  The  lower  clamp-screw  possesses  a  longitudinal  and  a  cross  perfoO' 
tion.    One  end  of  the  wire  is  fastened  in  the  first  of  these  holes  by  a 
lateral  screw  and  then  introduced  into  the  wooden  cylinder  and  attached 
glass  tube,  Aj  from  below,  whereupon  the  steel  rod  B,  passed  throogli 
the  cross  perforations  in  both  cylinder  and  clamp-screw,  and  fastened 
by  the  vertical  screw  of  the  latter,  puts  the  lower  end  of  the  wire  in  con- 
nection with  one  pole  of  the  battery.    As  B  may  be  rotated  around  iu 
own  axis  and  at  the  same  time  moved  laterally,  the  wire  may  be  satis- 
factorily centered.    Aj  thus  adjusted,  is  now  attached  to  the  tripod  as 
above  described,  the  faucet  forced  tightly  in  from  below,  and  the  upper 
end  of  the  steel  wire,  which  projects  slightly  out  of  the  glass  tobe, 
grasped  by  a  second  clamp-screw.    The  latter  forms  a  part  of  a  pecoliar 
spring  C,  in  shape  of  a  rhombus  of  very  large  horizontal  but  very  short 
vertical  diagonal.    In  this  way  a  gentle  tension,  not  so  strong  as  to  rup- 
ture the  wire  when  red  hot  is  constantly  maintained,  while  the  parts  of 
the  spring  are  thick  enough  to  allow  the  passage  of  an  intense  galvanic 
current  without  becoming  perceptibly  heated.    We  have  found  that  a 
wire  symmetrically  chilled  and  held  tense  in  this  way  remains  straight 
after  the  glass-hard  temper  has  been  imparted  to  it — an  important  desid- 
eratum.   In  order  to  centrally  adjust  the  upper  end  of  the  wire,  or  to 
regulate  the  tension  of  the  spring,  the  latter  may  be  moved  around  and 
along  a  horizontal  arm,  which  in  its  turn  is  similarly  adjustable  around 
a  vertical  post  screwed  to  the  tripod.    To  C  and  B  the  terminals  of  a 
powerful  battery  are  suitably  attached. 

A  current  of  dry  carbonic  acid  gas  continually  circulating  through  the 
tube  practically  obviates  the  annoyance  of  oxidation  during  the  heating 
to  redness.  To  introduce  this  gas,  the  faucet  is  doubly  perforated  in 
the  way  devised  by  Senguerd.  The  larger  of  the  canals  is  intended  for 
the  influx  of  water,  the  smaller  for  carbonic  acid,  and  they  are  so  dis- 
posed relatively  to  each  other  that  if  the  one  is  open  the  other  is  neces- 
sarily closed.  To  manipulate  the  apparatus  satisfactorily  a  considerahte 
bead  of  water  i&  de^ix^bV^.    Bxit  ^v^vl  vtUau  these  facilities  are  available^ 
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the  water,  on  opening  the  faucet,  is  apt  to  enter  the  tube  with  a  squirt, 
eiiilling  some  parts  of  the  wire  before  the  main  column  advances,  and 
in  this  way  vitiating  the  otherwise  attainable  uniformity  of  glass-hard- 
ness. For  this  reason  a  second  faucet  (not  shown  in  the  figure)  belong- 
ing to  the  hydrant  was  put  into  use.  We  oi>erated  in  this  way :  The 
former  famcet  was  first  opened,  producing  no  other  effect  than  the  inter- 
ruption of  the  current  of  carbonic  acid.  Then  one  of  us  rapidly  opened 
the  second  faucet,  while  the  other,  in  due  time,  broke  the  galvanic  cir- 
cuit. As  the  glass  tube  was  of  comparatively  small  diameter,  the  water 
rushed  into  its  interior,  ascending  as  an  unbroken  column  with  great 
velocity  and  imparting  to  the  wire  the  glass-hardness  desired.  Accord- 
ing to  Jarolimek'^  this  rapidity  of  current  is  of  paramount  importance 
when  the  attainment  of  extreme  degrees  of  hardness  is  the  desideratum. 
In  the  case  of  quiet  water  a  non-conducting  envelope  of  steam  is  apt  to 
inclose  the  wire,  protecting  it  against  instantaneous  chilling.  Such  a 
layer  would  effectually  be  torn  away  by  a  very  swift  current,  and  cold 
water  and  wire  remain  in  more  intimate  contact  We  regarded  the 
hypothesis,  which  Jarolimek  believes  to  have  verified  by  experiment, 
as  plausible. 

Olass  tubes  of  thin  walls  were  chosen,  and  breakage  was  therefore  a 
rare  occurrence.  Of  course  we  did  not  keep  the  wire  in  th^  red-hot 
state  longer  than  appeared  absolutely  necessary. 

The  operation  of  disadjusting  and  drying  the  parts  of  the  apparatus 
after  each  chilling  proved  to  be  a  tedious  annoyance.  Nevertheless  the 
efficiency  of  the  apparatus  may  be  said  to  have  been  demonstrated  by 
the  fact  that  after  a  little  experience  we  were  able  to  temper  50  to  60 
wires  during  an  interval  of  five  hours.  Of  the  total  number  of  hard 
wires  obtaine<l  (some  180),  those  were  selected  for  the  measurements 
which  had  been  operated  uiK>n  during  our  later  and  more  expert  manip- 
ulation. The  ends  were  broken  off  and  discarded,  and  only  as  much  of 
the  central  part  of  each  wire  used  as  would  warrant  the  assumption  of 
uniformity  of  hardness  throughout  the  lengths  employed.  The  degree 
of  homogeneity,  moreover,  admits  of  being  specially  tested,  as  will  be 
explained  below. 

The  battery  used  consisted  of  20-^  large  Bunsen  cells,  connected  in 
series  or  in  multiple  arc  in  a  way  to  correspond  with  the  external  resist- 
ance. In  the  latter  case  it  is  necessary  to  keep  the  partial  circuits  as 
nearly  as  possible  alike.  Otherwise  a  reverse  current  is  apt  to  traverse 
one  of  them,  gradually  disintegrating  the  carbons. 


MEASUREMENT   OF   THERMO-ELECTRIC   POWER. 

Thermo- element — The  thermo-electric  power  of  our  wires  was  deduced 
from  measurements  of  electromotive  force  and  temperature,  obtained  by 

'"^  «*Jaroiimek:  Dingloi^u  Jour..  CCXXI,  pp.  436,  518,  187^,  ^ 
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combining  them  thermo-electrically  with  the  same  given  nonnalvin 
Chemically  pure  silver,  deposited  galvanoplastically,  fase<l,  draws, aai 
softened,  appeared  to  be  the  most  desirable  metal-of-reference  for  tki 
purpose.  Two  samples  of  this  were  selected  and  compared.  Froiar» 
sons  of  a  practical  character,  however,  we  foand  it  expedient  not  to  « 
these  normals  in  the  actual  work.  In  the  measuremeiits,  a  copper  win 
of  a  given  kind,  which  had  frequently  and  very  caref ally  been  oompiRd 
with  the  silver,  was  substituted  for  it,  and  the  thermo-electric  powen 
steel-copper  subsequently  reduced  to  steel-silver,  by  calculation. 

After  testing  many  modifications,  we  adhere<1  to  the  very  efBeiat 
form  of  thermo-electric  apparatus  diagrammatically  represented  in  ip 
ure  5.    Si  and  St  are  two  doubly  tubulated  spherical  receivers,  of  tlie 


3m  Ja 

Flo.  5.— Form  of  thermo-element. 


capacity  1  liter  approximately.  These  were  mounted  on  good  non-45on- 
ductors  in  such  a  way  as  to  place  the  axes  of  the  tnbulares  A  and  ^ is 
horizontal,  the  other  two  in  vertical  position.  The  former  were  pro- 
vided with  well-fitting  corks,  centrally  i>erforated,  so  as  to  admit  the 
glass  tube  cd  (diam.  1  cm.)  snugly.  In  this  way  the  two  receivers  va« 
held  firmly  together,  and  at  distances  apart  adjustable  at  pleasure,  thus 
adapting  the  arrangement  for  examination  of  a  lon|i:  or  a  short  wire. 
Two  small  suitably-perforated  corks,  fitting  the  ends  of  the  tube  rf, 
gave  to  the  wire  an  axial  position  within  it.  In  this  way  the  steel  rods, 
exceedingly  brittle  and  frail  when  in  the  state  of  glass-hardness,  were 
ivdequately  protected.  Mention  is  still  to  be  made  of  the  terminals  k 
and  k  of  the  apparatus.  These  were  specially-selected  samples  of  cot- 
ered  copper  wire,  as  stated  above.  They  passed  through  the  large  corb 
at  A  and  B — in  which  they  were  cemented  once  for  all — to  the  junctions 
at  the  center  of  the  respective  receivers.  When  a  new  rod  was  to  lie 
introduced,  this  was  thrust  through  the  tube  c<f,  and  the  latter  daly 
closed  with  the  small  corks,  in  the  perforations  of  which  the  rod  fitted 
tightly.  Then  the  free  ends  of  the  terminals  were  connected  with  the 
respective  ends  of  the  steel  rod,  either  by  flat  brass  clamp-screws,  or, 
where  the  temper  i>ermitted  it,  by  soldering.  The  tube  carrying  the 
large  corks  was  now  in  complete  a(\justment,  and  it  was  only  necessarj' 
to  insert  these  in  the  tubulures  A  and  B  of  the  receivers.  One  of  the 
latter  was  then  filled  with  water  of  the  temperature  of  the  room,  the 
other  with  hot  water.  A  woolen  jacketing  appropriately  surroundiog 
the  hot  receiver  reduced  the  loss  of  heat  by  radiatiou  to  ^  minimnm. 
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~  ^  By  the  aid  of  two  carefully  calibrated  thermometers,  with  their  bulbs 
^•^  at  the  centers  of  the  respective  receivers,  the  temperature  of  these  was 
'^^^  read  off.  A  small  hole  was  drilled  at  n  in  the  tube  cd  to  allow  for  the 
^  expansion  of  the  air  heated  by  proximity  to  the  hot  water. 
^  Method  of  measurement — For  the  measurement  of  the  thermo-elec- 
^  tromotive  force  (expressed  throughout  in  volts)  a  zero  method  was 
^'  adopted.    If  E  (figure  6)  be  the  compensating  (one  Daniell),  e  the  com- 


1*10. 6b — Disposition  of  thermo-  Fio.  7.— Apparatna  for  galvan- 

eleotrio  appanto*.  ometer-factor. 

pensated  element  (the  thermo  couple),  W  the  resistance  of  AEBy  w 

that  of  AMBy  we  shall  have,  when  the  current  in  AeB  containing  the 

galvanometer  is  zero, 

e        w 

In  our  experiments,  in  the  most  unfavorable  cases, 

w        5 
"F^^  10000' 
and  hence,  with  suflScient  accuracy  for  the  present  purpose  we  may  put 

e     to 

Both  to  and  TT  were  ftirnished  by  Siemens'  rheostats.  The  resistances 
of  the  connecting  wires  and  of  the  Daniell  are  negligible.  W  could  be 
increased  to  30,000  ohms,  w  diminished  as  far  as  0.1  ohm. 

In  order  to  eliminate  such  discrepances  as  would  arise  from  varia- 
tions of  the  Daniell,  the  electromotive  force  of  this  element  was  meas- 
ured before  and  after  each  observation.  It  is  known  that  this  source  of 
error  is  by  no  means  negligible,  and  that  it  depends  on  the  way  in 
which  the  Daniell  has  been  put  together,  and  on  the  time  of  use.  For 
the  purpose  in  question,  the  terminals  of  a  Wiedemann's  galvanometer 
of  known  factor  A  could  be  introduced  into  the  circuit  EAMB  with  the 
aid  of  an  appropriate  key.  If  therefore  the  line  A8B  is  broken,  the 
resistance  w  excluded,  we  shall  have  a  simple  circuit  EAMB  such  that 
if  n  be  the  deflection  at  the  galvanometer 

E=:AWn. 

Usually  Tr=20,000  ohms  was  chosen,  as  it  was  through  this  resistance, 
approximately,  that  the  Daniell  acted  during  the  measurements  with  the 
zero  method. 

To  determine  the  factor  A  of  the  galvanometer  we  made  use  of  a 
tangent-compass  of  known  factor,  0.  This  wo  calculated  both  from  the 
dimensions  of  the  coils  and  from  voltametric  observations.    Figure  7 

Bull.  14 3  (625) 
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gives  the  disposition  of  apparatus  diagrammatically,  wherein  JS  istk 
Daniell.  T  the  tangent-compass,  0  the  mirror- galvanometer.  Letv^ 
the  resistance,  i  the  intensity  of  current  in  the  ahnnt  A  if  £,  WtheI^ 
sistance,  and  J  the  current  inAOB;  then 

IW=:iw; 

whence 

J  _     w 

But  by  measurement  with  the  tangent  compass  we  get 

I+i=Gtg<p[l+f{<p)], 
and  with  the  galvanometer,  simultaneously,  J=An,  whence 


w 


By  a  proper  choice  of  w  and  W,  practically  convenient  deflections, bott 
at  the  tangent  compass  and  at  the  galvanometer,  are  obtainabla  Hie 
determination  of  A  was  firequently  repeated. 

Ussentidl  details. — The  actual  arrangement  of  apparatus  as  girenii 
figure  8  differs  from  the  diagram  (figure  6)  described  above,  only  in  thai 
serviceably-disposed  commutators  and  keys  have  been  int]x>daoed  into 
the  partial  circuits. 


Fio.  8.— Details  of  thermo-electric  ftppumtiu. 

The  commutator  J,  inserted  immediately  after  the  Daniell,  i»  used, 
in  the  first  place,  in  determining  the  value  of  the  electromotive  fonxd 
this  element  from  the  double  deflection  of  the  mirror  of  the  galvanometer 
O  put  in  circuit  by  the  key  IL  In  the  second  place,  when  manipulated 
in  connection  with  another  commutator.  Illy  which  changes  the  direc- 
tion of  current  of  the  thermoelement,  it  adds  very  materially  to  the 
attainable  accuracy  by  enabling  the  observer  practically  to  eliminate 
the  discrepancies  due  to  extraneous  thermocurrents.  These  result 
from  an  irregular  distribution  of  temperature  in  the  connections.  We 
actually  measure  not 

e ^  to  e+e  _tr 

where  s  and  e^  are  the  disturbing  electromotive  forces  in  qnestioiu 
Now  £',  which  has  its  seat  in  the  branch  EAMB^  is  always  negligible  in 
comparison  with  E.  A  similar  assumption,  however,  by  no  means 
applies  to  e — i,  e.,  to  the  electromotive  force  which  originates  in  the 


Trhence 
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^ '  brauch  ABB.    This  qoantity^  as  our  experiments  have  shown,  very  fre- 
^  quently  reaches  values  amounting  to  a  considerable  part  of  e — indeed, 
^'  when  e  is  small,  e  is  directly  comparable  with  it. 
We  therefore  have 

If  both  e  and  €  retained  the  same  value  before  and  after  an  observation 
there  would  result:  Before  commutation, 

after  commutation, 

e     l/'ir      fr*\ 

Now,  although  both  e  and  b  do  vary  during  the  interval  of  an  observa- 
tion, the  amount  is  small  and  the  change  of  the  former  so  nearly  linear 
with  the  temperature  T  of  the  warm  receiver,  that  the  mean  of  the  elec- 
tromotive forces  e  may  be  regarded  as  coincident  with  the  mean  of  the 
temperatures  1\  If  the  observations  after  commutation  are  rapidly 
made,  which  can  easily  be  done  because  the  approximate  values  of  TV 
and  w  are  known  from  the  first  measurements,  we  may  suppose  f  to  have 
remained  constant^  A  mean  of  the  two  determinations  therefore  will 
very  nearly  eliminate  f. 

Finally,  reference  is  still  to  be  made  to  the  form  of  Weber's  commutator 
IV^  which  serves  the  purpose  of  a  key  of  special  kind.  The  small  mer- 
cury cups  are  so  filled  that  the  thermo>current  is  not  closed  until  a  mo- 
ment after  the  partial  current  from  the  Dnniell.  When  w  and  W  are 
properly  chosen,  therefore,  the  needle  of  the  galvanometer  8  remains  at 
rest.  An  exceedingly  sensitive  form  of  apparatus  with  an  astatic  needle, 
devised  by  Magnus  and  constructed  by  Sauerwald,  was  used  here. 

While  one  observer  made  the  adjustments  w  and  TT,  the  other  read 
off  the  temperatures  of  the  thermometers  in  the  receivers  at  given  sig- 
nals. 

Calculation  of  constants, — If  t  and  T  be  the  temperatures  of  the  thermo- 
electric junctions,  e  the  corresponding  electromotive  force,  we  shall  have 
generally** 

e=a(r-<)+j(r«-<») (1) 

Putting  T— <==a?,  T+t=u,  e^y, 

yr=aX'\'hoDU •.    (2) 

Inasmuch  as  the  number  of  observations  was  always  greater  than  two, 

''By  commntating  again  we  frequently  convinced  onnelves  that  this  sappOBition  was 
quite  permissible.  The  values  otained  for  the  first  and  third  positions  of  the  commu- 
tators were  so  nearly  identical  that  we  could  satisfactorily  accept  them  as  such. 

»  Avenarius:  Fogg.  Ann.,  CXIX,  p.  406, 1863;  ibid.,  CXLIX,  p.  374, 1873;  Tait,  Trans. 
R.  Soc.  Edinb.,  XXVII,  187S^-73,p.  125.    In  this  memoir  the  aUo^«  ^^^iiaX^si^L  \^  ^^- 
oepted  merely  as  an  empirical  relation.    Talt  has  d\MAXiMA^  \t  >^)^ciOt«\\^^iMi « 
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lor  aicnoagn  e  is  mncn  more  accurately  measarable  in  tne  case  or  large 
>^alue8  of  T—tj  the  observed  value  of  T  will  differ  the  more  appreeUl^ 
from  the  true  temperature  of  the  hot  junction  of  the  thermo-elemeDtfii 
proportion  as  T  is  greater  thau  the  temperatare  of  the  room  in  whid 
the  observations  are  made. 

By  aid  of  the  well  known  formula  developed  by  the  method  of  least 
squares,  a,  and  b^  of  the  thermocouple  copper-silver^  were  calculated 
from  a  large  number  of  special  observations. 

By  the  same  method,  moreover,  we  derived  the  constants,  a\  b\  h 
the  elements  steel-copper.  To  reduce  from  these  the  values  a,  h,  whid 
hold  for  the  couples  steel-silver,  we  made  use  of  a  set  of  tables  c^lcolata 
thus :  If  e,  e^,  e^  correspond  to  a,  a^,  a«,  we  have 

where  e^  is  dependent  on  the  arguments  T  and.^.     Now  e,  can  be  tha 

expressed: 

e.=(a.T+ft.r»)-(a.«+6.r«)- 

that  is,  as  a  difference  between  identical  functions  of  the  same  argQ 

ments  T  and  t    A  table  for 

ajs+bji^ 

is  therefore  calculated  once  for  all,  from  which  for  everv  combination  o 
Tand  t  the  quantity  e,,  and  therefore  c,  is  easily  obtained.  After  al 
the  observations,  e,  had  been  referred  to  silver,  the  constants  a  and  I 
were  deduced  by  the  thermo-electric  formulae  above  ^ven. 


MEASUREMENT  OF  ELECTRICAL  CONDUCTIVITY. 
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The  following  is  the  method  of  calculation  adopted : 

First  position  of  commutator,  ^x_^=?l=:ni ; 

Second  position  of  commutator,  ^^_=r-?— nj: 

o+a    Oj 

whence 

and  therefore,  if  i(ni+nz)=n^ 

In  the  case  of  our  bridge,  at  tsslQo 

-+- =0-00194,  -^  ^= -000016. 

Now,  in  so  far  as  ni  and  fit  are  always  nearly  identical,  a  sufScient  ap- 
proximation for  t€  is  furnished  by  the  formula 

tr=:n<y+(n— l)-"^-- (1) 

In  this  way  the  calculations  were  greatly  simplified,,  since  fi  could 
be  immediately  obtained  from  ' Jbach's^  tables.    A  small  table  of  our 

own  contained  the  respective  values  of  the  term  (n— 1)  ^~-. 

In  a  part  of  the  measurements  we  obtained  excellent  results  with 
the  beautiful  method  due  to  Hockiu  and  Matthiessen. 

From  this  value  of  u?,  the  length  and  the  diameter  2p — ^the  latter  di- 
mension being  determined  microscopically — the  specific  resistance  of 
the  given  wire  at  the  temperature  t  followed  at  once. 

The  normal  resistance  S  was  given  by  a  specially  constructed  6talon 
of  heavy  (German  silver  wire,  soldered  to  stout  terminals  of  copper 
properly  amalgamated.  We  were  in  possession  of  six  of  these,  such 
that  by  suitable  combinations,  either  in  series  or  in  multiple  arc,  re- 
sistances as  high  as  0*6  ohms  and  as  low  as  ^  ohm  were  available.  We 
were  thus  able  to  keep  the  sliding  contact  near  the  middle  of  the  bridge 
wire,  and  the  value  of  the  factor  (n— 1)  in  equation  (1)  was  therefore  in- 
variably small. 

Besistances  at  paints  of  eantact.^Iu  view  of  the  very  small  resistances 
(0.5  to  0.05  ohms)  to  be  measured,  great  care  had  to  be  taken  to  reduce 
the  resistances  at  the  places  where  the  steel  wires  were  inserted  to  a 
minimum.  To  obtain  an  estimate  as  to  the  value  of  the  discrepancies 
produced  in  this  way  we  made  a  determination  of  the  resistance  of  a 
soft  steel  wire  for  three  different  methods  of  insertion.  In  the  first  of 
these  the  wires  were  firmly  held  between  flat  clamp-screws;  in  the  sec- 
ond, the  ends  of  the  wires  were  covered  galvanoplastically  with  a  thin 
even  coat  of  copper,  which  was  then  amalgamated;  finally,  the  contact 
was  obtained  by  actually  soldering  the  steel  wires  to  pieces  of  heavy 


^E.  Obach:  Hiilfstafeln  fUr  Messuugen  elektriscber  Leitungswidcrstande  mittelst 
der  Kirchoff-Whoatstone'schen  DrahtcombinatioD,  1879. 
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copper  wire.  Only  the  last  of  these  methods  of  insertion  wag  fonod  tok 
thoroughly  satisfactory  under  all  circumstances.  In  the  first  theenf 
was  quite  large,  while  the  second  proved  to  be  nnsafe;  for  the  amaliv 
mated  copper  coat  was  apt  to  become  insufficiently  adhesive.  Intk 
case  of  glass-hard  wire  expeditious  soldering  is  essential,  otherwise tk 
ends  are  annealed  to  an  extent  that  will  seriously  affect  the  nsa^ 
We  avoided  this  at  least  partially  by  cooling  the  wire,  immediately  afttr 
the  solderiug  had  been  effected,  by  a  jet  of  water  from  a  small  waA 
bottle.  With  a  little  practice  the  whole  operation  is  finished  in  a  lei 
seconds.  It  is  to  be  noted  that  if  an  error  had  been  introduced  in  tisi 
way  its  effect  would  only  have  been  that  of  giving  further  emphasistt 
the  abnormally  large  results  discussed  in  the  sequel,  since  the  valos 
for  specific  resistance  as  thus  actually  found  can  only  be  short  of  tk 
true  values.  In  the  later  experiments  all  these  inconveniences  wen 
avoided  by  tlie  use  of  Hockin  and  Matthiessen's  method. 

Criterion  for  homogeneity. — ^The  method  just  mentioned  is  pecoliariy 
adapted  for  the  determination  of  the  degrees  of  uniformity  of  hardnes 
along  a  given  length  of  wire,  because  it  enables  the  observer  to  oom^ 
pare  the  resistances  of  different  parts  of  the  said  length  with  fiwality. 
The  process  as  actually  employed  will  be  discussed  in  another  chapter. 

The  method  used  for  calibrating  the  essential  wire  of  the  bridge  has 
been  described  elsewhere.    (See  appendix  to  this  chapter,  p.  72.) 


THE   OPERATION   OF   SUDDEN   COOLING.       GL.ASS-HAKDNESS. 

Effect  of  chemical  composition. — The  steel  rods  tempered  to  glass-hard- 
ness in  the  manner  described  were  found,  on  examination,  to  be  tl>er- 
mo  electrically  negative*^  relatively  to  silver. 

lu  so  far  as  the  same  process  had  been  applied  to  rods  nominally  of 
like  composition,  it  appeared  plausibly  presumable  that  the  degi^es  d 
hardness  attained  would  be  nearly  identical;  in  other  words,  that  the 
tempering  would  have  furnished  us  with  a  set  of  glass-hard  rods  of 
nearly  the  same  thermoelectric  power.  This  was  not  the  case.  A 
graphic  representation  of  the  relation  between  thermo-electromotire 
force  and  temperature  showed  this  remarkable  result,  that  the  wires 
tempered  were  readily  referable  to  a  few  distinct  groups;  for  the  posi- 
tion of  the  ditterent  thermo-electric  curves  was  such  as  to  permit  tiiem 
all  to  be  comprehended  by  a  few  narrow  and  well-defined  sectors.  Tiiis 
implies  that  though  the  maximum  of  attainable  hardness  is  different 
in  the  different  wires^  particular  groups  possessing  nearly  ideutical 
properties  are  readily  discernible.  We  were  unable  to  discover  any 
relation  between  the  individual  members  of  the  said  groups  and  the 

«♦>  Cf.  preface,  p.  6. 
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^^respective  diameters  of  the  wires.    Nor  did  the  wires  hardened  on  any 
h^particalar  day  show  like  thennoelectric  qualities.    It  is  conceivable, 
^  for  instance,  where  currents  of  different  intensity  are  employed,  that 
T^the  resulting  difference  in  the  degrees  of  red  heat  imparted  to  the  wires 
^^  would  find  its  expression  in  a  correspondingly  marked  difference  in  the 
^.  degrees  of  hardness.    The  true  cause  of  the  difference  of  character  ob- 
^  served  must  therefore  be  ascribed  to  chemical  composition.    In  other 
^  words,  the  groups  are  distinguishable  one  from  another  by  the  respect- 
„  ive  amounts  of  carbon  contained  in  the  wires.    The  rods  were  not  all 
^  received  at  the  same  time.    Without  doubt  the  maximum  of  hardness 
^^  attainable  by  sudden  chilling  is  essentially  conditioned  by  the  degree 
of  carburation  of  the  steel  rod,  and  to  a  very  small  degree  only  by  the 
impurities  present.    In  a  general  way  we  may  state  that  the  maxiftium 
^^  in  question  is  a  characteristic  datum  for  the  type  of  steel  under  experi- 
ment.   In  Chapter  YII  of  the  present  memoir  we  shall  have  occasion 
to  discuss  this  subject  in  detail. 
[      Maximum  hardness  reached. — ^The  greatest  hardness  met  with  in  this 
work  was  that  possessed  by  two  rods  of  the  diameters  0.056  cm.  and 
[  0.073  cm.,  respectively.    The  thermo-electric  constant  a  here  reached 
the  exceptionally  small  value  a=  —  2*60  (microvolts),  and  the  specific 
resistance,  at  ordinary  temperatures,  was  as  large  as  45  microhms, 
cm /cm*.    Unfortunately  most  of  these  very  hard  wires  had  to  be  dis- 
carded, because  in  the  earlier  experiments  boiling  water  had  been  used 
in  investigating  their  thermoelectric  powers.    We  subsequently  found 
that  lOOo  produces  a  very  pronounced  annealing  effect.    In  the  later 
experiments  with  glass  hard  wires  water  of  only  40^  was  employed,  and 
this  but  for  a  very  short  period  of  time. 

Temperature  of  ignition. — Jarolimek  and  Ackermann^in  their  experi- 
ments on  steel  arrived  at  the  important  result  that  the  rapidity  of  the  first 
part  of  the  chilling  of  red-hot  steel,  say  from  600^  or  700^  to  300©  or  400o, 
is  far  more  essential  as  regards  the  degree  of  hardness  obtained  than  the 
further  cooling  from  300O-400<^  to  zero.  It  is  easily  possible  to  harden 
a  rod  very  perceptibly  by  cooling  it  from  bright  redness  in  a  metallic 
bath  (Zn,  Pb)  at  400^.  Such  a  process  combines  in  one  the  operations 
of  chilling  and  of  annealing.  Cooling  from  300^  or  400^,  however,  pro- 
duces no  effect.  Again,  Chemoff  had  previously  found  that  if  the  tem- 
l>erature  from  which  steel  is  chilled  be  supposed  to  increase  continu- 
ously, no  observable  effect  will  bQ  apparent  until  a  temperature  in  dark 
cherry-red  heat  is  reached,  when  glass-hardness  is  suddenly  attained.^ 
Our  experience  is  in  perfect  accord  with  these  results.  The  phenom- 
enon was  strikingly  manifested  both  in  rods  of  the  same  diameter  and  in 


"  Jarolimek  tt.  Ackerraano,  Zeit«chr.  fUr  das  cbem.  Orossgewerbe,  1880.  Similar  le- 
BultH,  we  believe,  were  poblished  by  the  distingnisbed  American  engineer,  Mr.  Joebna 
Rose,  bat  we  have  been  nnable  to  find  tbem. 

-^D.  Chernoff:  Vortrag  gebalten  in  der  niSBischen  Teobnlscben  Gesellschaft,  im 
April  n.  Mai  1868. 
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nes8  readily  to  a  given  comparatively  thick  class  of  wires,  this  was  do 
longer  possible  for  the  next  larger  dimensioD,  notwiUistandiDg  tk 
fact  that  the  respective  thicknesses  varied  as  little  as  0.125  cm.  and 
0.145  cm.  It  is  furthermore  to  be  added  that  the  sodden  change  is 
question  is  equally  apparent  both  in  the  mechanical  as  well  as  in  tk 
electrical  properties  of  steeL 

The  experiments  made  would  certainly  not  warrant  tke  forced  assoisp- 
tion  that  the  phenomenon  in  question  partakes  of  the  nature  of  a  tm 
discontinuity.  Some  molecular  change  occurring  at  an  extremely  rapid 
rate  is  alone  to  be  understood.  In  a  general  way,  however,  it  may  be 
stated  that  a  certain  critical  temperature  in  red  heat  most  be  snrpab^cd 
if  sudden  cooling  is  to  produce  glass-hardness ;  otherwise  the  $teel 
remains  soft. 

Thermoeleotrio  maxima  and  neutral  points. — ^In  this  place  a  final  it- 

mark  may  be  added.    During  the  experiments  we  had  frequent  oeca 

sion  to  observe  '^neutral  points"  (occurring  at  the  mean  temperatme 

a 
i(T+e)=Jj  of  the  junctions  of  the  thermoelement,  the  temperature  at 

which  the  electromotive  force  passes  with  a  change  of  sign  tiirough  zero) 
of  comparatively  low  value.  Many  of  the  hard  rods  differed  bot 
slightly  from  silver  as  regards  their  thermo-electric  properties.  Ma- 
ima  of  electromotive  force  at  low  temperatures  were  even  more  fit 
quently  obtained.  A  number  of  examples  of  this  kind  will  be  found  Id 
the  tables  below. 
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moving  samples  of  the  series  of  immersed  rods  at  different  stages  of 
the  process.  Inequalities  of  temperature  in  the  bath  were  reduced  to 
a  minimum  by  constant  stirring.  We  also  adopted  an  inverse  method 
of  procedure,  in  which,  when  a  desired  temperature  was  reached,  the 
hard  wires  selected  were  submerged  in  the  oil  on  a  false  bottom  of  wire 
gauze,  and  the  whole  allowed  to  cool.  After  several  days  they  were 
examined  both  as  to  their  thermo-electric  power  and  their  si)eciflc 
resistance. 

Beaults. — ^The  results  of  these  measurements  are  given  in  the  follow- 
ing table.  It  will  be  remembered  that  e  (observed  or  calculated  as 
specified)  is  the  electromotive  force  in  microvolts  for  the  temperature 
T  and  t  (centigrade)  of  the  junctions,    a  and  b  are  the  thermo-electric 

constants  of  Avenarius,  8,  ^—^t^ microhm  j  the  specific  resistance  at 
the  temperature  ty  p  (cm.)  finally  the  radius  of  the  wires: 

Tablb  7. — Tkermo-^ileetries  and  (xmduetivit^  of  steel  wiree,  annealed  in  ail  bathe. 


Aaneiaad 

No. 

1 

00. 
19.8 
19.3 
19.8 
19.8 

T 
oC. 

8ai 

74.0 
68.8 
50.1 

•:10* 
oboerred. 

•:10» 
caloulAted. 

a 

b 

ft 

t 

A»    wwr*  •  •  •  • 

• 

Ke.l  (V=0L0068) 

mi^rovottf. 
4.418 
8.622 
2.962 
2.125 

miarovolU. 
4.429 
8.615 
2.971 
2.181 

mi&rotoUe, 

* 

7.80 

• 

mierovoiU. 
-0.0117 

cni  ^ 

COOr 

mierohm. 
1&06 

00. 

19 

Ko.8(2^=«.0000) 

* 

19.6  80.5' 

19.5  |76.2 

19.6  62.0 
19.5  54.8 

4.619 
8.849 
2.061 
2.497 

4.622 
8.848 
2.950 
2.458 

I        8.08 

—0.0180 

1&49 

19 

Now  8  (2  paO.  0721) 

19.6  89.8 

19.7  |78.8 

19. 6  159. 1 

19.7  50.1 

4.062 
8.194 
2.406 
L806 

4.060 
8.191 
2.414 
1.888 

6.99 

4 

-O.0U1 

20.54 

19 

No.4(2p=«.0668) 

1&9 
1&9 
1&9 
1&9 

87.9 
70.8 
57.4 
48.8 

4.487 
8.468 
2.657 
2.068 

4.503 
8.462 
2.651 
2.056 

7.78 

1 

-6l0118 

20.00 

19 

No.  6  (2  peso.  0045) 

19.7 
19.7 
19.7 
19.7 

86.7 
72.1 
59.4 
50.6 

4.787 
8.847 
2.975 
2.853 

4.789 
8.843 
2.977 
2.852 

8.52 

1 

-0.0180 

17.64 

19 

IL    278*... 

No.  6  (2^=^0908) 

20.0 
20.0 
20.0 
20.0 

88.2 
78.2 
64.9 
50.9 

8.987 
8.487 
2.781 
L941 

8.966 
8.486 
2.783 
1.940 

I        7.24 

-6L0185 

20.75 

20 

N<kT(Sps0iO666> 

20.0 
20.0 
20.0 

2ao 

90.1 
71.9 
59.7 

8.558 

2.787 
2.141 
L529 

8.562 

8.729 
2.134 
1.533 

i        6.15 

-0.0097 

• 

22.74 

19 

IXL    S50».. 

Now  8  (2  paO.  0680) 

19.9 
19.9 
19.9 
19.9 

88.0 
74.8 
61.6 
51.9 

8.429 
2.863 
2.237 
1.767 

3.427 
2.860 
2.244 
1.763 

6.46 

4 

-6.0182 

28.20 

19 

No.9(2p=«.0720) 

20.0 
20.0 
20.0 
20.0 

80.5 
65.8 
55.8 
49.9 

8.462 
2.607 
2.124 
1.827 

a457 
2.701 
2.128 
1.622 

6.86 

■ 

-0.0124 

20.47 

19 
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Tablv  7,^Tkerwuhefeetrie9  and  eomdmeUHiff  ^Mfeel  mm,  ammeaisd  tm  aU  kUif-Cafi 


Annealed 
at— 

Ka 

t 

1 
T 

«:10« 
obeerred. 

•:10* 
calonlatod. 

1 

'              »      ;    •    >  1 
1                 I                           1 

t 

Ko.l0(2fk=0.0720) 

20.0  70.0 
20.0  68.4 
20.0  57.3 
20.0  40.0 

mtCTMOttf. 

2.161 
L808 
1.S85 
L144 

micfovolte. 
2.150 
1.904 
1.340 
1.141 

< 

—0.0007         &ff  9   1 

No.  11  (3^=0. 0565} 

20.1   87.1 
20.1   65.0 
20.1  ,53.0 

20.1   41.8 

1 

2.663 
1.048 
1.464 

0. 071 

2.e72    1 

1<>3>      I          ft  ^^ 
1.4«0lf          »-l* 

0.072  !  J 

-0.0109        2ia  11    1 

• 

No.l2(2f»=0L0&48)  20.1  89.4 

.20.1  67.9 
20.1   S&3 
ao.1   44.8 

8.442 
2.404 
1.000 
1.872 

8.484 
2.508 
1.002 
1.808 

>          6.40 

J 

—a  0131       &n  3  1 

No.l3(2pe=a0337) 

20.1 
20.1 
20.1 
20.1 

87.4 
74.0 
62.4 
52.0 

8.770 
a.  106 
2.496 
1.022 

8.768 
8.107 
2.496 
1.828 

6.88 

—0.0121 

:     2LII  B  1 

IV.    22a»... 

No.  14  (3  pisO.  0000)  19.9 

19.9 
19.9 
19.9 

88L2 
75.6 
64.4 
54.0 

X090 

L751 
1.484 
L161 

2.006 
L787 
L437 
L163 

9 

I       4.00     — aoooo 

...1 

No.  16  (2 /»=0. 0558) 

20.1 
20.1 
20.1 
20.1 

80.5 

eas 

60.1 
50.1 

L969 
1.484 
1.231 
a963 

1.060  i 
1.480  ! 
1.225 
0.065 

1 

i                                           i                        1 

V.    200O.... 

No.  16  (2 />=0.  0974) 

18.0 
18.0 
18.0 
18.0 

80.8 
74.3 
61.1 
51.7 

2.524 
2.068 
1.631 
1.294 

2.528 
2.063 
1.626 
1.207 

>         4.07  1    -^.0102 

1 

1 

• 

No.l7(2f»=0.0882) 

18.0 
10.0 
18.9 
19.0 

82.5 
6&8 
50.8 
51.0 

2.056 
1.681 
1.414 
1.166 

2.056 

1.678 
1.417 
1.165 

4.26 

1 

—0.0102 

27.S8    tt 

No.  18  (2  p=0. 0723) 

10.1 
19.1 
19.1 
10.1 

78.8 
68.2 
57,8 
48.7 

1.314 
1.100 
0.809 
0.706 

1.312 
1.112 
0.900 
0.705 

8L78 

—0.0060 

3L33    1» 

No.  19  (2  p=0. 0560) 

18.1 
18.1 

18.2 

82.0 
62.8 
47.8 
30.8 

1.859 
1.387 
0.054 
0.714 

1.862 
1.881 
0.058 
0.713 

I      ass 

—0.0081 

28L6S    U 

No.  20  (2 />=0. 0336) 

18.3 

laa 

18.3 
18.3 

76.8 
62.3 
52.0 
42.1 

2.723 
2.088 
1.880 
1.177 

2.715 
2.008 
1.677 
1. 176 

5.45 

—0.0066 

1 
24.34    11 

VI.    1760... 

No.  21  (2  p=0. 0008) 

18.8 
18.8 
18.8 
I&8 

86.4 
67.1 
53.8 
43.3 

1.826 
1.866 
1.061 
0.765 

1.800 
1.888 
1.054 
0.763 

I        8.76 

• 

-0.0103  1       29.M    If 

1 

i 

• 

No.22(2f»=0.0571)  I18.8 

18.0 
18.8 
118.0 

j 

87.2 
72.4 
50.7 
4&8 

1.734 
1.414 
L122 
0.854 

1.720 
1.417 
1.126 
0.850 

3.41 

* 

— O.0083 

80.91    If 

1 

VIL    150O. 

1 

r 

I 

t 

1 

No.23(2f>=0.0385)  <18.6 

1&6 
18.5 
|18.5 

7a7 
60.4 
52.1 
45.4 

1.745 
1.887 
1.146 
a  041 

1.744 
1.300 
1.147 
a030 

^       4.84 

* 

i           1 

! 

— 0.0U7       fi.n  i  If 

Digest — If  we  arrange  these  different  degrees  of  hardness,  expressed 
both  thermo-electrically  and  in  terms  of  their  specific  resistance,  with 
reference  to  continuous  variation  of  the  former  quantity,  we  obtain 
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— the  following  perspicuons  tabalar  comparison.    The  table  shows  that 
our  endeavor  to  reach  a  great  number  of  symmetrically  distributed  de- 
grees  of  hardness  systematically,  was  only  partially  successful. 

Table  8. — Thermo-efectric  po$ition  and  condtictivity  of  annealed  sieeL 


No.                a 

f 

Annealed  at 

No. 

a 

9 

Annoaled  at 

'  mierovoUt. 
ft a62 

17.64'                  800 
18.40  1                  800 
l&OOl                  800 
20.00  1                  800 
20. 75                     275 
20.54                     SAO 

11 

nkiermwjUM, 
5.15 
4.67 
4.67 
4.26 
4.24 
4.06 
3.85 
3.88 
&76 
8.41 
2.70 

fnierchms. 
24.81 
26.70 
2&fl6 
27.08 
27.08 
27.36 
2&11 
28.68 
20.84 
80.04 
31.82 

oC. 

250 

2 &03 

16 

300 

^     1 '            7.80 

10 

250 

4 '             7.78 

17 

200 

6 7.24 

23 

190 

8 6.08 

14 

225 

9 6.06 

_     18  1             6.80 

20.47 
20.66 
23.20 
22.03 
22.74 
24.34 

250 
260 
250 
260 
275 
200 

15 

10 

225 
200 

8 «-4« 

21 

176 

12  :;.::::. . 

6.40 

22.. 

175 

7 

6.15 
6.46 

18 

200 

20 

ON  THE  BEARING  OP  THE  TIME  OF  EXPOSURE  ON  THE  EFFICACY 

OF  ANNEALING. 

Low  annealing  temperatures. — In  the  foregoing  experiments  the  lowest 
temperature  employed  was  li(P.  It  will  be  seen  that  the  annealing 
effect  thus  produced  is  strikingly  large.  This  observation  naturally 
suggested  the  question  as  to  what  results  are  to  be  expected  when  the 
annealing  is  conducted  even  at  lower  temperatures.  The  inquiry  would 
have  an  immediate  practical  bearing:  It  will  be  remembered  that  in  the 
thermo-electric  measurements  it  is  desirable  to  raise  one  of  the  junc- 
tions to  a  high  temperature  relatively  to  the  other.  We  are  led  to  ask, 
therefore,  how  high  this  temperature  may  be  chosen  without  destroying 
uniformity  of  temper  and  producing  partial  annealing  at  one  end  of  the 
rod. 

Results  for  lOOo. — ^We  began  the  preliminary  experiments  with  the 
two  rods,  Nos.  24  and  25,  of  nearly  the  same  thicknesses,  0.0574  cm. 
and  0.0554  cm.,  respectively,  but  of  different  degrees  of  glass-hardness. 
Thermoelectric  measurements  only  were  made,  with  results  for  the 
glass-hard  state  as  follows: 

Table  9. — Thermo-electric  power  of  glass-hard  wires. 


No.  24. 


Na9S. 


t 

T 

OC. 

e.W 

«:I0»       j 

obsenred. 

c*lciilftt«d. 

1 

V 

OQ. 

mierovdL 

mierovoU. 

mieroftoU. 

12.5 

88.1 

-2.800 

-2.793    1 

12.5 

78.8 

-2.376 

-2.396 

—2.83 

Va.6 

58.1 

-1.572 

-1.667 

12.6 

44.1 

-l.li» 

-1.189    . 

12.3 

80.0 

—0.707 

-0.607    1 

12.4 

80.1 

-0.652 

-0.554 

•      +0.13 

12.4 

71.2 

-0.415 

-0.428 

12.4 

50.8 

-a  294 

-0.280    J 

mierwoU. 


-0.00P6 


-a  0106 
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These  wires  were  now  exposed  to  the  action  of  steam  at  100^  for  a 
period  of  one  hoar,  in  an  ordinary  boiling-point  apparatos.  The  meas 
nrement  of  thermo-electric  position  made  on  the  following  day  showed 
these  values: 

Table  10.— ITard  wires,  1*»  at  lOO©. 


t 

T 

observed. 

«:10* 
calcalated. 

a 

h 

Na24i 

16.0 
16.0 
16.0 
16.0 

16.0 
16.9 
16.9 
16.9 

60.4 
60.7 
45.2 
80.0 

76.1 
65.2 
54.7 
46.0 

mierawoU, 
-0.069 
-0.025 
-0.005 

+aoo8 

1.030 
0.803 
0.750 
0.600 

nUerovolt 
-0.060 
-0.025 
-0.005 
-f  0.008 

L020 
0.800 
0.746 
0.600 

tmieropolL 
[       +0.61 

[       +2.75 

micros 

Ka25 

-oioie 

-0.0111 

iNeatrmlpoint:  (r+0— y=60o.2;  .-.^-430.3. 

From  a  comparison  of  the  values  of  a  before  and  after  annealing  at 
lOQo,  a  variation  of  thermo-electrit^  power,  therefore  also  of  mechanical 
state,  is  very  strikingly  apparent;  whence  it  follows  at  once  that  in 
the  measurements  of  e,  the  use  of  boiling  water  in  the  hot  receiver  ii 
the  case  of  very  hard  wires  is  under  no  circumstances  permissible. 
Indeed,  from  the  magnitude  of  the  variation  in  question,  we  infer  that 
temperatures  even  much  lower  than  lOQo  will  show  a  tendency  to  pit>- 
duce  an  annealing  effect  seriously  detrimental  to  a  uniformity  of  the 
temper  of  the  wire. 

The  above  experiment  was  repeated.  The  rods  were  again  annealed 
at  100^  for  a  period  of  one  hour,  and  thermo  electrically  examined  on 
the  following  day. 

Table  11.— Hard  trtrw,  2»»  at  lOO^. 


Na24V 


No.  25. 


t 

T 

<:  10* 

«:10* 

obaerved. 

calonUted. 

a 

oa 

00. 

mierovoU. 

mierovoU. 

mierovoU, 

17.4 

73.8 

0.142 

0.152 

] 

17.4 

64.7 

0.184 

0.174 

>          LS6 

17.4 

56.1 

0.188 

0.178 

17.8 

49.8 

0.162 

0.167 

J 

17.8 

71.1 

1.266 

1.240 

1 

17.8 

61.6 

1.008 

1.002 

8.64 

17.4 

53.4 

0.016 

0.882 

17.4 

46.7 

0.704 

0.787 

J 

-a  0110 


-O.O150 


*  Maximum  ftt  Tn— |-p=57o.8;  observed,  y=18.5;  calo.,  y=17.8. 

The  results  again  show  a  smaller  but  nevertheless  clearly  pronounced 
variation  of  thermo-electric  power,  and  we  arrive  at  the  important  con- 
clusion that,  in  addition  to  the  temperature  of  the  annealing  bath,  a  sec- 
ond factor  is  essential  in  conditioning  the  resultant  hardness,  namely, 
the  interval  of  time  during  which  the  annealing  is  prolonged,  or  th^  rod 
exposed  to  the  given  temperature. 
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^^    With  the  object  of  discovering  the  nature  of  this  time-effect,  the  ex- 
^^periments  were  continued  in  the  same  way.    The  results  are  contained 
^-in  the  following  tables: 

Table  12.^Bard  wires  3i>  at  lOO^. 


^'  »o.24 


No.  25 


No.  24 


3ro.25 


t 

T 

«:10* 

«:10>      1 

olMerred. 

calcuUted. 

1 

oO. 

oC. 

microvolt 

mierovoU. 

rmierovolL 

17.6 

741 

0.828 

0.827 

17.5 

62.0 

0.816 

0.818 

0. 161 

17.5 

54.2 

0.294 

0.294 

17.6 

4&6 

0.270 

0.260   . 

• 

17.5 

74.3 

1.499 

L407 

■ 

17.5 

62,7 

L242 

1.245 

3.55 

17  5 

68.8 

1.038 

1.088  1 

17.5 

49.2 

0.926 

0.926 

miorovoU, 


-0.  OIU 


-0. 0100 


Table  13.^Hard  wire$  4^  at  lOQo. 


17.7 
17.7 
17.7 
17.7 

17.7 
17.7 
17.7 
17.7 


86.4 
77.5 
66.4 
64.7 

87.4 
76.1 
67.7 
56.6 


0:1O> 
obMrred. 


microvolt 
a  484 
0.480 
0.444 
0.879 

L886 
L660 
1.447 
1.177 


«:10* 
caloulfttod. 


mierovoit. 
0.487 
0.477 
0.446 
0.879 

»  1.887 
1.648 
L453 
L182 


mierowflt 


L76 


3.77 


b 


mierovolL 
-Ol  0101 

-a  0109 


Table  U.—Hard  wiret  5^  at  lOO^. 


t 

T 

0:1O> 
observed. 

«:10> 
c«loal*ted. 

a 

5 

1^0.24 

17.0 
17.0 
17.0 
17.0 

17.1 

•      17.1 

17.1 

17.1 

71.6 
68.4 

44.5 

84.5 

62.1 
63.6 
47.0 

mierovoU. 

0.600 
0.477 
0.326 
0.233 

L661 
1.363 
1.136 
0.952 

microwtit 
0.662 
0.468 
0.840 
0.228 

L666 
1.858 
1.188 
0.954 

microvolt 
>          1.70 

\         8.90 

tnitffovott. 

Xo.  25 

-0.0075 

-a  0111 

Table  15.— Faril  w\Tt%  6">  at  lOOo. 


No.  24 


No.  25 


00. 


17.5 
17.5 
17.6 
17.5 

17.4 
17.4 
17.4 
17.4 


oa 

816 
57.1 
40.7 
33.9 

72.0 
48.7 
36.8 
27.5 


«:  10* 
obeorred. 


miervt<ilt 
0.637 
0.483 
0.819 
0.230 

1.628 
1.018 
a648 
0.861 


«:  10> 
oalouUted. 


r^ierotnHl. 
0.641 
0.483 
0.329 
0.236 

1.632 
1.019 
0.642 
0.355 


miervvoVt. 
L92 


4.02 


5 


mieroeott 
-0.0083 

-a  0115 


(637) 


i' 


46 


IRON-CARBURETS. 


[BCU.  li 


t 
I 

: 


'.I ' 


'  M 


'    ll 


Digest — ^The  relation  between  a  and  the  time  of  exposare  is  more  p^- 
spicnonsly  apparent  in  the  following  comparison: 


(34) 
(25) 


1.76 

3.77 


1.70 
3.90 


4.  OS 


From  this  grouping  of  parallel  results,  or,  more  evidently  still,  from  a 
graphic  representation  (time  as  abscissa,  thermo-electric  constant  as 
ordinate,  mean  values  of  Nos.  24  and  25,  figure  9),  it  will  be  seen  that 


^9-00 


^f'OO 


Fio.  9.— Hard  wires  annealed  for  aiz  consecntiTe  lionrs  in  steam  at  100^. 

hardness  varies  continuously  with  the  time  of  exposure  of  the  glass- 
hard  rod  to  the  given  annealing  temperature;  that  the  amount  of  ther- 
mo-electric change  rapidly  decreases  as  the  time  increases,  until  finally 
a  definite  and  superior  limiting  value  is  asymptotically  reached.^ 
After  these  introductory  experiments  we  determined  to  investigate 


^Among  the  above  resulto  the  individual  values  of  a,  1.70  for  the  first  and  3.77  for 
the  second  rod,  require  comment.  It  is  obvious  that  from  the  four  observations  for 
each,  probably  affected  with  larger  errors  than  usual,  the  method  of  least  squares 
has  not  derived  the  constants  in  closest  accordance  with  fact.  This  betrays  itself  in 
the  values  obtained  for  &,  which  differ  largely  from  the  average  values.  The  con- 
stant h  varies  but  slightly  (as  a  general  mean  —5=0.0100  may  be  accepted).  Associ- 
ated with  the  values  of  a  in  question,  however,  we  have  —6=0.0075  (corresiiondiBf 
to  the  small  result  a=l. 70)  and— 6=0.0102  (corresponding  to  the  large  n^ult  a=3.77). 
But  in  view  of  the  fact  that  the  function  of  which  a  is  the  coefficient  is  positive,  and 
that  in  which  h  is  involved,  negative,  the  errors  of  both  a  and  h  are  partially  ehmi* 
Dated  in  the  samj  ao  that  observed  e  and  calculated  e  are  again  in  aatiafactoiy  ao^ 
oordance. 

(638) 


j^ 


SABUS  AMD  ■TIOUBJLL.] 


STEEL  ANNEALED   AT   66^. 


47 


the  pheDomena  of  annealing  more  rigidly,  giving  the  effect  of  time  of 
ezposnre  dne  prominence.  Besides  the  boiling  point  of  water,  that  of 
methyl  alcohol  at  66^.0  and  that  of  aniline  at  185o  were  chosen  for  an- 
nealing, the  wires  being  suspended  in  vapors  of  these  snbstances  circu- 
lating in  a  glass  boiling-point  apparatus.  A  still  higher  temperature 
(330^)  was  furnished  by  the  melting  point  of  lead.  Batches  of  three 
wires  of  different  diameters  and  different  degrees  of  glass-hardness  were 
selected  to  be  annealed  respectively  at  each  of  these  temperatures.  To 
trace  the  effects  resulting,  simultaneous  determinations,  both  of  thermo- 
electric power  and  conductivity,  were  made  at  as  many  stages  of  the  pro- 
cess as  appeared  desirable.    The  data  are  contained  in  the  tables  16--28» 


BEHAYIOB     OF     HARD    STEEL    ANNEALED    IN    YAPOH    OF    BOILINa 

METHYL   ALCOHOL    (66^). 

The  rods  selected  were: 

No.  28;  diameter  (2p)s0.0827  cm., 
No.  29;  diameter  (2p)=0.0a3I  cm., 
No.  30;  diameter  (2p) =0.0479  cm. 
After  the  thermo-electric  power  (microvolts)  and  specific  resistance 
(microhms)  for  the  glass-hard  state  had  been  determined,  tha  wires  were 
subjected  to  the  annealing  influence  of  vapor  of  methyl  alcohol  at  60^ 
for  three  consecutive  hours,  and  at  the  end  of  each  hour  examined  by 
the  aid  of  the  electrical  qualities  in  question.    The  results  are  these : 

Table  \6,—Bard  steel  annealed  at  66°. 


lifriimrkt. 


QlMA-hATd. 


1^  in  T»por  of  methyl  a1* 
ooliol,  tsdOO.O. 


l^moreln  Tftpor  of  methyl 
Alcohol,  t=MO.O. 


l^more  in  Taper  of  methyl 
•loohol,  t=4eo.O. 


00 

18.7 
1&7 
18.7 
1&7 

lai 

l&l 
l&l 
18.1 

1&3 
18.4 
1&3 
18.4 

20.0 
20.0 
20.0 
20.0 


o<7. 
M.8 
48.9 
43.4 
8ft.« 

6&2 
52.4 
47.9 
42.0 

6&5 

40.4 
42.9 
8&7 

00.6 
51.5 
4&4 

80.4 


«:10* 
obeenred. 


«:10> 
calcttlAted. 


microvoU. 
-1.003 
-a  907 
-0.721 
-0.495 

-1.033 
-0.9B2 
-0.70» 
-a  029 

-0.068 
-0.785 
-0.601 
-0l407 

-a  956 
-0.767 
-0.625 
-0.453 


mierovcU. 
—0.099 
-0.004 
-0. 781 
-0.492 

-1.027 
-0.937 
-0.796 
-0.626 

-0.964 
-0.787 
-0  608 
-0.492 

-0.047 
-0.774 
-a  632 
-a  448 


mierovoU. 


-2.56 


} 


-1.94 


-1.81 


-L58 


mierovcU. 


-0.0064 


cm 


to 


-0.0111 


-0. 0107 


-0.0119 


cm* 
mierohm. 

42.64 


42.55 


42.45 


42.55 


00. 


IS 


18 


19 


1» 
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Table  17.— Hard  tteel  annealed  at  G6^« 

[BodKo.29.    2^»=0.0«3L] 


[KLLK 


OlMS-hard 


1^  in  rmpar  of  methyl  aX- 
oohol,  t=Mo.O. 


P  more  in  Tapor  of  methyl 
aloohol,  ts=69>.0. 


1^  more  in  rapor  of  methyl 
eloohol,  tsseO^.O. 


1&7 
1&8 
1&7 
1&8 

18.9 

ia2 
laa 

1&2 

18.5 
18.6 
1&5 

las 

10.9 
19.9 
19.9 
19.9 


©a 

50.4 
44.5 
3&8 
84.8 

67.7 
51.7 
45.8 
40.4 

57.2 
49.4 
43.9 
40.1 

6L4 
63.2 
4&8 

41.1 


«:10« 
obeerred. 


microvolt 
-0.806 
-0.564 
-a  429 
-0.348 

-0.704 

-0.579 

-0.467 

•      -0.878 

-0.636 
-0.487 
-0.385 
-a  324 

-0.624 
-0.460 
-0.334 
-0.280 


«:10* 
calcnlated. 


miorovoila 
-0.607 
-0.560 
-a  482 
-aS42 

-a  702 
-0.581 
-0.467 
-0.378 

-0.639 
-0.486 
-0.387 
—0.821 

-0.620 

-a  471 

-0.340 
-a  275 


} 

} 


-L 


-1. 


-0.01 


-0.70 


*        t 


— OL0044 


—0.0078 


-aOOQB 


aC 


42.«6l  n 


4171    U 


41.  a  :i 


41.42 


Tablk  lS.-^Hard  iteel  annealed  at  66°. 
[Rod  No.  30.    V=»0.0479.] 


Benmrks. 


GlAM-hard. 


1^  in  rapor  of  methyl  &!• 
cohol,  t»66o.0. 

Ik  more  in  vapor  of  methyl 
alcohol,  t=60o.O. 


Ik  more  in  vapor  of  methyl 
alcohol,  t=B66o.0.i 


18.7 

ia7 
ia7 
ia7 

17.8 
20.1 

19.2 
19.2 
19.2 
19.2 

ia2 

19.8 
19.9 
19.8 
19.9 


©a 

54.2 
45.3 
40.2 
34.4 

6a9 
45.1 

59.1 
54.0 
49.0 
42.6 
3a4 

64.6 
49.7 
45.0 
3a2 


•  :10* 
obeerved. 


microvott. 
-0.335 
-0.223 
-0. 175 
-0.126 

-0.200 
-0. 117 

-0. 105 
-0.079 
-0.054 
-0.031 
-0.023 

-0.003 

+0.099 

0.015 

aoi8 


«:10* 
calculated. 


mieropott. 
-0.329 
-0.229 
-0.178 
^0.124 

-0.200 
-a  117 

-0.103 
-0. 070 
-0.055 
-0.032 
-0.021 

-0.002 

+0.008 

0.014 

0.018 


mierovoll. 
-0.42 


1 


-0.01 


>       +0.80 


} 


+0.47 


«i«*^ 


-o,oon 


-a  0070 


-a  0074 


—0.0066 


I 
I 

37.«i  n 


nm 


8151 


18 


8141 


>KentrBl  point:  (r+-t)=:-?=72.6:  .*.  rsOto.T. 

0 
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BEHAVIOR    OP   HARD    STEEL   ANNEALED    IN   STEAM    (100°). 

The  rods  selected  were : 

No.  31 ;  diameter  (2p) =0.0833  cm., 
No.  32;  diameter  (2p) =0.0616  cm., 
No.  33;  diameter  (2p)=0M9l  cm. 

Our  earlier  experiments  with  rods  Nos.  24  and  25  had  shown  that  the 
effect  of  annealing  in  steam  is  particularly  marked  during  the  first  hour 
of  exposure.  We  therefore  decided  to  obtain  intermediate  stages  by 
making  interruptions  and  examinations  after  each  of  the  first  10, 30,  and 
GO  minutes  of  this  interval.  After  this  the  rods  were  annealed  during 
two  hours  more,  as  above.  The  results  for  the  hardness  in  the  original 
(glass-hard)  and  subsequent  states  are  fully  given  in  the  following 
tables: 

Table  19.— Fard  etal  annealed  at  10(P. 
[Rodya31.    2p»  0.0839.] 


BemMrks. 

t 

T 

«:10« 
observed. 

«:10* 
calculated. 

a 

.          b 

it 

f 

1 

1 

cm« 

oC. 

OC. 

micnvoU, 

microvolt 

mierovoU. 

tnierovolt. 

mierohm' 

oa 

UlBM-bard 

22.6 

15.2 

-0.621 

-rO.624 

) 

22.5 
22.4 

61.3 
44.9 

-0.642 
-0.410 

-0.539 
-0w409 

>      -L20 

-a  0098 

40.47 

2t 

22.4 

89.6 

-0.803 

-a  804 

J 

10- In  ateJiin  At  lOOo 

19.7 

6L0 

-0.335 

-a  832 

' 

19.7 
19.7 

55.4 

4a7 

-0.206 
-0.202 

-a  269 
-0.202 

>     -aoe 

-0.0090 

39.06 

2t 

19.7 

42.9 

-0.150 

-0.150 

* 

20"  more  in  steiun  at  100^ . 

18.5 

7a  0 

-0.177 

-0. 170 

] 

ia5 

I&5 

6a7 

49.4 

-0.094 
-0.009 

-0.095 
-0.018 

[      +0.W 

-a  0090 

87.64 

If 

1&5 

37.5 

+0.006 

-H.009    ) 

j 

90*  more  In  eteam  at  lOO^. 

18.1 

63.5 

+0.122 

+0.124    1 

la  1  1  5&  9 
1&  1  '  50.  0 

0. 126 
0.118 

0.125 
a  118 

\         0.86 

-a  0072 

8a  88 

19 

la  1     44. 5 

0.107 

0  107 

1 

1^  more  in  tteam  at  lOO^. . 

ia2  :  72.4 

0.330 

0.329 

« 

ia2  1  5a8 
las    51.0 

0.304 
0.270 

0.304 
0.271 

1.55 

-a  0104 

36.88 

16 

1&3     45^4 

0.242 

0.241 

• 

1^  more  in  ttciun  at  lOO^. . 

19. 2     71. 4 

0.457 

0. 4515 

•J 

19.3  '  61.4 
19.2  <  55.2 

0.410 
0.371 

0.410 
0.374 

1.81 

-a  0103 

84.72 

Ji 

19. 3     47. 2 

0.314 

0.312 

4 

Boll.  14- 
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Table  20.— Bard  aicel  annealed  at  lOOo. 
lRodKo.32.    2pv> 0.0616.] 


Remarks. 

t 

T 

0:  10» 
observed. 

c:  lO' 
calculated. 

b 

1 

1 
t 

• 

oC. 

OC. 

mUrwoU. 

micTOwAt. 

microtoU, 

nUerovoU. 

cm' 

20.7 
20.7 

50.7 
46.0 

-a  659 
-a  545 

-a  659 
-a  544 

\      -1.44 

-0. 0106 

41.49     21 

2a  7 

41.9 

-a  437 

-a  448 

> 

lO"  in  steam  ftt  100^ 

19.2 

56.7 

-a  269 

-a  266 

1 

( 

19.8 
19.2 

63.4 
44.7 

-a  235 

-a  168 

-a  238 

>ai68 

\     -a  89 

->0.0042 

38.53     20 

19.3 

40.4 

-a  137 

-a  136 

t 

1 

20"  more  in  stesm  at  100o> . 

las 

7a  1 

a  075 

a  075 

] 

1&6 

ia6 

63.6 
56.0 

a  090 

a  094 

a  088 
a  094 

s       aso 

-0.0075 

3fiL0s'   » 

1&6 

44.8 

a  088 

a088 

J 

•0"  more  in  steam  at  100<> . 

18.0 

59.1 

0.201 

a294 

% 

lao 

l&O 

49.6 
44.7 

a  260 
a  225 

a253 
a  225 

1.39 

—0.0086 

86.8 

a 

lao 

41.4 

a  201 

a  203 

i 

V  more  in  steam  at  100^. . 

17.7 

5A.7 

a  519 

a  519 

] 

j 

17.7 
17.7 

49.6 
41.8 

a  451 

a  857 

a  451 

a  359 

2.01 

-0.0089  : 

35.19  J   J 

17.7 

36.4 

a  288 

a  287 

J 

T^  more  in  steam  at  100<>. . 

,19.2 

87.8 

a  754 

a  754 

] 

19.3 
19.2 

58.9 
52.0 

a  650 
a  556 

a  648 

a  556 

\         2.26 

-0.0080 

34.34     IS 

19.2 

45.8 

a  463 

a  463 

i 

1  Maximnm  at  7» — |  ~  »  53o.l. 


Tablb  21,^Hard  8teel  annealed  at  100°. 
[Rod  No.  33.    ^« 0.0491. 1 


Remarks. 


aiiias>hard 


SO"  in  steam  at  100^. 


SO"  more  in  steam  at  lOO*' . 


more  in  steam  at  lOOo. 


V  more  in  steam  at  IWP. 


1^  more  in  steam  at  100^. . 


20.5 
•20.6 
20.6 
20.6 

19.2 
lil.2 
19.2 
19.2 

18.4 
18.4 
18.4 
18.4 

18.0 
18.1 
18.0 

lai 

18.0 
18.0 
18.0 
18.0 

19.8 
19  3 
10.8 
19.8 


1^ 


rs 


«:  10« 
observed. 


57.0 
52.3 
45.9 
41.2 

58.6 
f)l.  7 
44.4 
37  8 

53.2 
44.7 
37.5 
32.5 

56.3 
47.8 
41.9 
32.0 

66.1 
58.6 
51.4 
42.1 

67.3 
58.1 
5a  2 
4a  8 


mieroFolt. 
-a  379 
-a  307 
-a  226 

-a  170 

a  151 
a  142 
a  124 
a  100 

a  361 

a  294 

a  221 
a  163 

a  632 

a  517 

a  418 

a  256 

a  881 

a  795 
a  670 

a  500 

1.071 
a  895 
a  737 

a  521 


«:  10' 
calculated. 


microvolt. 
-0.381 
—a  306 
—a  224 

-a  171 

a  150 
a  142 
a  124 
a  100 

a  864 
a  290 

a  218 
a  166 

a  634 

a  510 

a  423 
0. 257 

a  803 
a  783 
a  668 
a  504 

1.070 
a  897 
a  737 

a  521 


(642) 


mierovoU. 

>     -a  97 


microvolt 
~0. 0122 


ao7 


L50 


2.25 


2.67 


2.00 


SI 


cm 


t 


cm* 
microhm.  "C. 


3&9e 


—0. 0076 


-a  0062 


-a  0079 


-0.0097 


i 


-0.0090 


85^00 


33.58 


32.28 


SLS 


II 


If 


IS 


30.67      18 
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BEHAVIOR     OF    HARD    STEEL    ANNEALED    IN  VAPOR    OF    BOILING 

ANILINE  (185°). 

The  details  of  the  operations  in  this  case  were  the  same  as  those  de- 
scribed in  the  foregoing  paragraph.    The  rods  used  were : 

No.  34 ;  diameter  (2/9) =0.0835  cm., 
No.  35 :  diameter  (2/>) =0.0627  cm., 
No.  36 ;  diameter  (2/>) =0.0481  cm. 

The  results  obtained  are  the  following : 

Table  22.— Hard  f  feel  aniiMled  a<  185^. 
lBodNo.34.    2p=r0.0835.] 


Bemtflui. 


OlM«-hard. 


10"  in  vapor  of  aniline  at 
1850. 


80*  more  in  vapor  of  ani- 
line at  ]8do . 


SO*  more  in  vapor  of  ani- 
Une  at  1850. 


1^  more  in  vapor  of  ani- 
line at  1850. 


1^  more  in  vapor  of  ani- 
line at  1650. 


oC. 

22.1 

22.1 

22.1 

22.0 

10.5 
10.5 
10.5 
10.5 

18.7 
J8.7 
18.7 
18.7 


10.3 
10.3 
10.3 
10.3 


50.2 
51.1 
44.2 
80.  &. 

71.0 
62.8 
52.8 
43.0 

77.5 
50.8 
40.7 
42.0 


18.2  71.0 

16. 2  65. 1 

18.2  56.0 

18.2  45.0 

18.2  ,  76.0 

18.2  ,  (58.2 

1H.2  61.1 

18. 2  52. 5 


68.5 
74.3 
63.0 

58.4 


«:  10> 
obeerved. 


mierovoU. 
-0. 573 
-0.423 
-0. 313 
—0.230 

1.414 
1.235 
0.081 
0.722 

'  2.604 
1.321 
1.025 
0.817 

1.717 

•  1.5G8 

1. 325 

0.066 

2.054 
1.805 
1.579 
1.208 

2.453 
2.043 
1.782 
1.526 


«:  10* 
calculated. 


fnicrovoU. 
-0.560 
~  0.425 
-0.313 
-0.238 

1.423 
1.228 
0.075 
0.726 

2.700 
1.812 
1. 0-*7 
0.820 

1.721 
1.562 
1.  327 
0.086 

2.052 
1.899 
1.581 
1.207 

2.454 
2.045 
1.770 
1.528 


mierovoU. 
>      -0.83 


1 


3.50 


4.10 


4.33 


4.61 


4.84 


b 

ei 

tnieroeott. 

00& 

cm*^ 
microhm. 

-a  0087 

89.84 

—0.0090 

29.25 

-0. 0116 

28.02 

-0.0121 

27.17 

-Ol  0118 

26.82 

-0.0121 

2S.85 

00. 


19 


18 


18 


IS 
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Tabus  23.— flard  Bieel  ammemled  mi  185^. 

[BodKo.  35.    V=<L0eS7.] 


CHm  hiTd. 


10*  in  T»por  of  aniline  at 
IBSft. 


H^  more  f  n  Tapor  of  ani- 
line at  16So. 


10*  more  in  T^wr  of  ani- 
line at  18y . 


1^  more  in  Tapor  of  ani- 
line at  185o. 


1^  more  in  Tapor  of  ani- 
line at  189o. 


«:  10*     I     «:  10* 
oliaenred.     caloolated. 


miertmoU. 
-0.847 
— O.680 
-0.538 
-0L402 


LS31 
L292 
1.032 
a  821 

2.078  i 
1.812 
L453 
1.082 

2.189 
1.861 
1.604 
1.2M 

2.228 
L0e2 
1.68S 
1.256 

2.452 
2.155 
1.806 
1.415 


microvolt. 

-0.684 
-CL534 
-0.402 

1.532 
1.297 
LOSS 
0.819 

2.061 
l.d08 
1.453 
L078 

2.189 
L863 
1.60S 
L294 

2.2i3 
L964 
L688 
1.254 

2.450 

2.158 
L807 
L414 


*       ! 


}- 
}    • 

} 

I 

I 


7S 


— flL90l7 


0118 


cfi  ; 


&Si  I 


S.S  s 


&.IS  .     ^^.mas      »N  1 


0122 


fr9  I 


US  1 


( 


Table  24.— JTord  tteel  annealed  mi  185<^. 
[Rod  No.  ML    2  p=0. 0481.] 


Olaaa^hard. 


10*  in  Taper  of  aniline  at 
1B60. 


20*  more  in  Tapor  of  ani- 
line at  185P. 


10*  more  in  Tapor  of  ani- 
line at  1850. 


1^  more  in  vapor  of  ani 
line  at  185o. 


1^  more  in  vapor  of  ani- 
line at  1850. 


t 

T 

«c. 

OC. 

90.8 

5L2 

20.4 

46.6 

20.3 

4L8 

20.4 

88.6 

19.  S 

7L8 

19.2 

63.7 

19.2 

57.4 

19.2 

49.4 

1&5 

7a  5 

18.5 

64.3 

18.5 

54.9 

ia5 

45.2 

17.8 

7a  8 

17.9 

65.2 

17.9 

55.5 

17.9 

44.7 

17.9 

72.0 

17.9 

W.7 

17.9 

53.8 

17.9 

46.5 

19.2 

6a3 

19.8 

5a  0 

19.2 

52.6 

19.8 

44.7 

0:10* 
observed. 


«:10* 
caloolated. 


microwiU. 
—0.279 
-0.222 
—0.171 
-0l137 

2.069  , 
L793  ' 
'     L552 
L251 

2.485 
L968 
L609 
L207 

2.605 
2.115 
1.726 
L259 

2.447 

2.178 
L703 
L874 

2.327 
L880 
L632 
L273 


microvolt 
-0.279 
-0.222 
-a  170 
-0.138 

2.071 
1.787 
L555 
L250 

2.483 
L971 
L605 
L208 

2.603 
2.108 
L720 
L262 

2.461 
2L163 
L696 
L371 

2.325 
L876 
L641 
L269 


} 
} 

} 
} 


— 0LO5 


76 


5.26 


&fiO 


S.50 


&74 


— OLOOU         25.85    t 


0115 


KN    < 


21.15    H 


0106 


eiM  I       ALB     tf 
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AVIOB   OF   HARD   STEEL   ANNEALED    IN   MOLTEN   LEAD    (330°). 

*om  an  inspectioD  of  the  forcgoiDg  families  of  curves  it  appeared 
table,  in  view  of  this  relatively  high  temperature,  that  anuealiDg 
ts  of  great  magnitude  would  occur  during  the  first  minutes  of  ex- 
ire.  Conformably  herewith,  the  rods  were  subjected  to  330o  during 
ecutive  intervals  of  1™,  30",  and  1^,  and  examined  at  the  end  of 
of  these  times.    The  rods  selected  were : 

No.  37 ;  diameter  (2p) =0.0820  cm. 

No.  38 ;  diameter  (2p)  =0.0616  cm. 

No.  39 ;  diameter  (2p)  =0.0483  cm. 
le  following  results  were  obtained : 

Table  '26,— Hard  9teel  anneaUd  at  33(P. 
[Rod  No.  37.    2p=0.0820.1 


Remarks. 

t 

T 

«:10« 
obaervcd. 

e :  10« 
calculated.  | 

a 

h 

«f 

f 

Iiard 

1&7 
18.8 
18.8 

5dl 
52.7 
51.6 

mierovolL 
-0. 248 
-0. 215 
-0.206 

mierovoU. 
-0.248    i 
-0.215 
-0.206    ! 

mierovoU. 
0.00 

mteropoU. 
-0.0089 

cm 

cm»^ 
miorokm. 

86.61 

00. 

18 

aoltenleadat830o. 

17.8 
17.8 
17.8 
17.8 

77.5 
67.5 
59.2 
46.9 

3.898 
3.308 
2.800 
2.012 

3.898    1 
3.308  1 
2.799  1 
2.012    . 

1 

7.74 

-a  0126 

ia96 

18 

ire  in  molten  lead 
oo. 

1&5 
1&5 
18.5 
1&5 

86.7 
75.2 
62.3 
5a7 

4.491 
3.806 
3.003 
2.252 

4.491  '] 
3.808 
3.005 
2.251    . 

• 

7.77 

-0.0118 

1&76 

18 

B  in  molten  lead  at 

ia9 

18.9 
18.9 
1&9 

69.0 
57.2 
47.6 
39.4 

3. 471 
2.667 
2.045 
1.472 

3.458    1 
2. 085 
2.038  : 
1.470  jJ 

7.71 

-a  006 

18.78 

18 

Table  26.— Hard  steel  annealed  at  330o. 
[Rod  No.  38.    2^»=0.0016.] 


Remarka. 


bard, 


loHen  lead  at  880o 


ire  in  molten  lead 
90. 


» In  molten  lead  at 


f 

1 
T 

oC. 

oC. 

18.8 

50.2 

1&8 

44.8 

18.8 

89.6 

18.8 

34.8 

^7.6 

67.6 

17.7 

6L3 

17.7 

53.1 

17.6 

42.7 

18.8 

87.8 

lao 

73.4 

1&9 

63.7 

18.9 

50.3 

19.1 

84.4 

19.1 

63.8 

19.1 

50.1 

19.1 

41.7 

«:]0> 
obserred. 


microvolt. 
-0.  f>77 
-0.459 
—0.357 
-0.271 

4.012 
3.532 
2.998 
2.083 

5.470 
4.413 
8.794 
8.631 

5.204 
3.649 
2.610 
1.936 


«:10> 
calculated. 


mierovolL 
-0. 673 
-0.461 
-0.360 
-0.269 

4.015 
3.531 
2.998 
^084 

5.470 
4.417 
3.784  , 
2.633 

5.201 
3.049  , 
2.615  : 
1.932  I 


mierovolL 
-1.19 

&96 

0l24 

.     a39 


b 

«i 

m 

mierovoU. 

cm 
cm«' 
microhm. 

-a  0093 

40.88 

-0.0111 

17.66 

-0.0134 

17.88 

-aoi88 

17.27 

OC. 


18 


18 


18 


18 
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Table  2r,^Hard  iieel  oMnedM  at  S3I0O. 
[Wire  Ko.  80.    S|>=0.0483.] 


!HU.li 


UwaarVt 

1 

T 

«:10* 
obMrred. 

«:10* 
cakoUtod. 

a 

h 

1 

Otaiihhftrd 

18.0 
l&l 
l&l 

OC. 
58.8 
5a7 
4&1 

—0.254 
-a231 
-&105 

vUarovpU. 
-0.254 
~&221 
-a  104 

I          OL08 

-a  Olio 

2.1 

8&04 

li 

!•  In  moMn  toft^.  At  880O . 

1 

17.5 
17.6 
17.5 
17.5 

6&6 
5L7 
45.8 
8&6 

2.647 
2.835 
L048 
1.540 

&646 
2.834 
1.048 
1.587 

I          7.«1 

— aou4 

I&IO 

u 

•0"  more  ta  iiiolte&  iMd 
At880o. 

10.1 

10.1 

l&l 
l&l 

85.6 
72.0 
6L9 

50.4 

4.872 
&610 
&087 
2.180 

4.878 
&615 
2.820 
&182 

7.76 

J 

-aoiiB 

l&ll 

II 

1^  more  in  molten  laftd  at 

l&O 
l&O 
l&O 
l&O 

82.5 
6&7 
67.8 
4&5 

4.218 
&255 
2.687 
2.142 

4.217 
&254 
2.687 
2.142 

7.80 

->0.0115 

1&08 

11 

GENERAL   DISCUSSION    OF   THE   RESULTS   OF   THIS    ANNEALING. 

Digest — ^The  results  thus  far  giveu  adequately  exhibit  the  general 
physical  character  of  the  process  of  tempering.  For  the  sake  of  clear- 
ness, and  with  a  view  of  partially  eliminatiug  such  discrepancies  as  are 
due  to  incidental  errors,  the  three  individual  values  of  thermo-electne 
power  and  specific  resistance  for  each  of  the  temperatures  of  annealing 
will  be  combined  and  their  mean  chosen  for  discussion.  We  thus  arrive 
at  the  following  relations: 

Tablb  28. — Mean  results: 

•  

L — Far  annealing  in  vapor  of  boiling  methyl  alcohol  (66°). 


0" 


2» 


.3* 


=  -1. 62  —1. 07  -T-0. 80  —0. 60 


II. — For  annealing  in  steam  (100°). 


Time  of  aniieaUng= 

a= 

ofc 

—0.01 

1" 
0.17 

4" 
0.05 

1.50 

2^ 
2.08 

3^. 
2.36 

III. — For  annealing  in  vapor  of  boiling  aniline  (185°). 


Time  of  annealings 
a= 

0* 
—0.05 

4" 
4.10 

4*71 

1" 

5.00 

2» 
5.18 

8* 
5.40 

IV. — For  annealing  in  molten  lead  (330°). 


I 

I  Time  of  annealing— 


Ob 
-0.87 


8.11 


4* 

8.26 


&30 
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Deduction. — If  these  ftmctionalities  are  conatracted  graphically,  as  has 
been  done  in  Fig,  10  (time  as  abscissa,  thermo- electric  constant  as  ordi- 


Sf-OO 


a- 00 


7.00 


6*0O  fi 


5-00 


4'00 


3' GO 


£'00  Z 


I'OO 


at  expostu'c 

Fio.  10.— Hard  wires  annealed  continuously  at  0«.  C6^  100«  185=,  SW,  and  l.OOOo,  rceptctively. 

nate),  we  obtain  a  family  of  typical  curves,  the  general  chara<iter  of 
which  is  distinctly  pronounced  and  inaj'  be  thus  expressed: 

The  degree  of  hardness  retaiued  b}'  a  glass  hard  rod,  after  having 
been  subjected  to  the  operation  of  annealing,  is  dependent  both  on  the 
tenvperature  to  which  it  has  been  exposed  and  on  the  interval  of  time 
during  which  this  exposure  has  taken  place,  in  such  a  way  that  the 
effect  of  time,  though  of  predominating  importance  in  the  case  of  small 
values  of  temperature,  is  more  and  more  negligible  in  proportion  as 


(I 
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tbese  values  increase.  The  operation  is  always  most  effective  in  it? 
tarlier  stages,  and  this  eflSciency  decreases  very  slowly  where  the  tem 
peratures  are  low — very  rapidly,  indeed  almost  saddenly,  where  they  are 
high.  If  the  action  of  any  temperature  be  indefinitely  prolonged,  the 
rod  under  its  influence  ultimately  reaches  an  inferior  and  limiting  de 
gree  of  hardness  characteristic  both  of  the  temperature  chosen  and  the 
type  of  steel  under  experiment.  In  other  words:  the  annealing  effect 
ef  any  temperature  increases  gradually  at  a  rate  diminishing  contina 
ously  through  infinite  time,  very  slowly  in  case  of  low  temperatuiv 
(<100O),  with  extreme  rapidity  in  case  of  high  temperature  (>200o}. 
so  that  the  highest  of  the  inferior  states  of  hardness  possible  at  any 
given  temperature  is  approached  asymptotically.  The  effect  of  the  in 
tensity  of  glass  hardness  (strain)  of  the  originally  hard  rod  is  not  readily 
discernible. 

The  considerations  set  forth  readily  suggest  the  terminology:  ^^maii- 
wwn  of  permanent  hardness  for  the  temperature  f " — an  expression  which 
will  be  used  throughout  the  sequel  to  designate  the  highest  of  the  in- 
ferior states  of  haixiness,  persistent  at  the  said  temperatare,  f. 

The  relatively  large  effect  produced  by  low  temperatui*es  (<;10QO). 
when  a  glass-hard  rod  is  subjected  to  their  inflaence  for  a  long  period 
of  time,  is  deserving  of  special  mention.    It  follows  that  a  i)erceptible 
annealing  effect  must  be  attainable  with  temperatures  much  lower  than 
the  lowest  above  employed;  indeed  that  the  only  inferior  limit  in  this 
respect  is  probably  the  temperature  of  the  water  in  which  the  rod  was 
originally  chilled, — while  even  the  chilled  rod,  though  kept  at  constant 
temperature,  cannot  be  regarded  as  existing  in  a  state  of  thoroagb 
molecular  equilibrium  until  the  lapse  of  a  considerable  interval  of  time 
after  the  hardening  has  taken  place.    Herefrom  it  appears  that  iu  the 
thermo-electric  experiments  the  danger  of  destroying  the  uniformity  o( 
temper  of  a  glass-hard  rod  by  overheating  the  hot  junction  is  greatly 
to  be  apprehended.    Quick  work  and  low  temperatures  are,  therefore,  to 
be  preferred  at  an  unavoidable  sacrifice  of  accuracy.     Nor  is  soldering 
of  the  ends  permissible,  except  with  the  most  extreme  and  intelligent 
eaution.    Wo  desire  to  advert,  in  conclusion,  to  the  imiK)rtant  bearing 
of  this  unlooked-for  sensitiveness  of  hard  steel,  even  to  low  temperatnresr 
on  all  other  physical  properties  depending  on  the  temper  of  this  mate- 
rial— permanent  magnetism  for  instance.    It  is  obvious  that  the  nature 
of  a  purely  magnetic  phenomenon  can  only  be  satisfactorily  investigated 
\  when  the  material  carrying  the  magnetic  quality,  throughout  the  course 

of  the  experiments  undergoes  no  permanent  change,  otherwise  we  vir- 
tually commence  our  investigation  with  one  rod  and  finish  it  with 
:  another,  obtaining  data  which  are  not  immediately,  if  at  all,  comparable. 

;  (048) 
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ON  THfi  EFFECT  OF  HIGHER  AND  OF  LOWER  TEMPERATURES  ON 
THE  TEMPER  OF  STEEL  ORIGINALLY  ANNEALED  AT  A  GIVEN 
INTERMEDIATE    TEMPERATURE. 


Effect  of  loicer  temperatures, — The  marked  tendency  of  glasabard 
rods  to  suffer  diminution  of  hardness,  even  when  exi)Osed  to  tempera- 
tures but  slightly  above  mean  atmospheric  temperature,  naturally  led 
to  another  important  inquiry'  almost  the  converse  of  the  preceding. 
We  refer  to  the  behavior  of  a  rod  annealed  at  a  given  temperature 
to  the  prolonged  effect  of  lower  temperatures  subsequently  applied. 

For  the  purpose  of  obtaining  experimental  data  a  steel  wire  (No.  26, 
2/j=r0.085),  which  had  on  a  former  occasion  been  annealed  in  an  oil  bath 
at  250O,  was  exposed  to  steam  at  100°  for  one  hour.  The  results  of  the 
thermo  electric  measurements  made  before  and  after  this  final  exposure 
were  these: 

Table  ^.^Stcel  annealed  at  i^^  expoied  to  t^°y  t^  >  ti 


4 

Before 

After. 

• 

t 

.    T 

«:10*, 

1 

t          T 

a:10« 

0:1O> 

16.1 

80.1 

1 
4  05 

16.9     73.2 

8.17 

(3.22) 

IS.] 

80.7 

8.62 

16.0  ,  63.2 

2.60 

(2. 72) 

16.2 

68.1 

2.09 

16.9 

56.5 

2.32 

(2. 85) 

^18.2 

64.6 

2.29 

17.0 

50.2 

1.08 

(1.09) 

19.2 

44.5 

1.72 

I 

ie.2 

37.0 

1.84 

• 

i 

The  temperatures  t  in  both  series  are  approximately  identical.  The 
electromotive  force  e  may  therefore  be  regarded  as  dependent  on  the 
difference  of  temperature  T— ^  only,'*  and  with  this  presumption  graphi- 
cally represented.  If,  with  the  object  of  interpolating  graphically,  the 
two  carves  be  carefully  constructed,  and  the  values  of  e  for  the  tem- 
peratures of  the  one  set  of  observations  be  derived  from  the  curve  for 
the  other,  then  a  comparison  of  corresponding  values  of  e  shows  clearly 
that  no  annealing  due  to  100^  is  appreciable.  In  the  table  (29)  the  in- 
terpolated electromotive  forces  are  distinguished  by  parentheses. 


»For  e=a(  J-O-h^  Cr^'— «^)=(2'— 0  (a-ffc  [T— f]-h2  ht)=f  {T^t)  if  lis  constant. 
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This  resalt  was  corroborated  by  a  second  experiment  made  in  the 
same  way  with  rod  No.  27  (2p=r0.085),  which  had  been  annealed  in  oil 
at  200^.  The  thermoelectric  data  obtained  before  and  after  the  final 
annealing  at  KKP  were: 

Table  30.— 6Ym2  annealed  at  U°  eitpoeed  to  U^^  <8>^i. 


Before. 

( 

After. 

1 

T 

8S.5 

«;  10> 

T 

«:10« 
2.45 

e:  10> 

1(1.8 

2.82 

- 

17. 0  1  84. 2 

^  (2.  45) 

1«l4 

80.8 

2.88  1 

17.0  1  71.7 

2.08 

(2.08) 

1&4 

70.0 

2.06 

17. 1     62. 8 

1.76 

a.  Ti) 

1&4 

61.0 

1.77 

17.2  ;  43.4     1.00  '  <1.0«) 

18.4 

63.1 

1.48 

1            1 

1&4 

4&4 

1.22 

Plainly  these  results  admit  of  the  following  generalized  interpreta- 
tion: A  steel  rod,  annealed  at  a  given  temperature,  will  remain  the 
more  nearly  passive  as  regards  the  effect  of  an  inferior  tempera  tore,  the 
lower  its  value  and  the  shorter  its  time  of  application  on  the  one  hand, 
and  the  nearer  the  mechanical  state  of  the  rod  to  the  limit  of  hardness 
for  the  said  temperature  on  the  other.  Where  the  limit  in  question  has 
been  fully  reached  the  rod  is  unaffected  by  the  action  of  lower  tempera- 
ture, however  prolonged. 

Efffict  of  higher  temperatures,— There  is  another  question  of  a  similarly 
important  bearing  on  the  nature  of  the  phenomena  of  annealing.  In 
the  above  we  drew  the  general  inference  that  in  the  case  of  a  given  rod 
possessing  a  given  degree  of  glass-hardness,  the  mechanical  state  re- 
sulting after  annealing  is  dependent  on  the  temperature  and  the  time 
of  exposure  only;  that  when  the  latter  is  indefinitely  prolonged,  a  par- 
ticular and  characteristic  limit  of  hardness  is  reached  for  each  tempera- 
ture of  the  annealing  bath.  If  this  be  the  case,  then  it  inust  be  imma- 
terial, in  so  far  as  the  identity  of  the  final  states  is  concerned,  whether, 
for  instance,  a  rod  is  first  annealed  in  steam  at  10(P  and  then  in  aniline 
vapor  at  185^  to  a  limit,  or  whether  it  is  annealed  to  a  limit  in  aniline 
vapor  at  once.  In  other  words,  the  maximum  reduction  of  hardness 
attainable  by  the  action  of  any  given  temperature  on  glass- hard  steel 
is  independent  of  the  manner  of  variation  of  hardness  (the  path  as  it 
were)  by  which  this  final  state  is  reached.  On  this  point  the  following 
experiments  were  made: 

Three  steel  wires  of  different  thicknesses  (Nos.  40,  41,  42),  carefully 
tested  for  longitudinal  homogeneity,  were  first  examined  in  the  glass- 
hard  state.  They  were  then  broken  in  two,  and  one  of  the  halves  of 
each  wa^  annealed  directly  in  aniline  vapor  at  185^  for  10  minntes;  the 
others,  however,  were  first  exposed  in  steam  at  100°  for  40  minnte8,and 
after  this,  as  in  the  former  case,  for  10  minutes  in  aniline.  Hereupon 
the  six  rods  were  tested  for  hardness,  with  the  following  results.    It 
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was  expedient  to  make  measurements  of  resistance  only,  Hockin  and 
Matthiessen's  method  beings  employed: 


In  ftteam  and  in  aniline  rapor. 


Ro4K4k40(Vb0.085) 

Bod  Ka  41(9^^0.064) 

RodNo.42(2ps0.049) 

Mean 


6IaM-hard..«s41.8 
Annealed . .  .tsSl.  0 
GUMa-hard..«B4&0 
Annealed . .  .«s80. 0 
Glaea-hard..«sa<l.4 
Annealed . .  .«sM.  0 
Glaaa*hard..«s=40.S 
Annealed . .  .#829. 0 


In  aniline  vapor  only. 


«=40.6 
•S30.6 
1=42.9 
•=29.8 
fsaOiS 
«=20L0 
4=40. 0 
«s2a8 


(taMO). 


(«al4«) 


A  second  experiment  was  made  with  three  other  wires  (Nos.  43,  44, 
45).  After  the  hardness  for  the  glass-hard  state  had  been  obtained^ 
the  rods  were  again  broken  in  two;  one  of  the  halves  of  each  was  an- 
nealed for  40  minntes  in  ethylic  alcohol  vapor  at  78^,  and  then  for  6- 
honrs  in  steam ;  the  others  in  steam  only  daring  the  same  interval. 
The  results  obtained  are  these: 


In  Tapor  of  alcohol  and  in  ateam. 


In  steam  only. 


Boa  K.  48 ,2^=0.085, { j  2iro'::.ls;'::;:'3?:S 

K«dNa44(^=o.o*) { 1 21:^1.1:5"::::^! 

BodXo.«(2^a04.) !S'n''n"S.W::=?7^? 

-u^w*  >  I  Glasa-hard .  .*=:i8. 7 

'"**° )    Annealed  ..  #=29. 8 


4=40. 6 
•=81.8 
4=41.2 
«=29.8 
«=35. 8 
«=27.9 

«=m  2 


t=29.7 


«=10O> 


(«=:10O) 

*(V=*ib<>') 


Both  of  these  series  of  experiments  are  in  perfect  accord,  and  we 
therefore  infer:  The  specific  effect  of  a  given  temperature  of  annealing 
on  the  state  of  hardnesB  of  steel  is  independent  of  the  possibly  pre- 
existing effects  o'f  a  lower  temperature,  to  the  extent  that  the  result  of  the 
influence  of  the  latter  is  the  more  fully  annulled  the  greater  the  period 
of  action  of  the  former. 

Anomalous  feature, — ^Tbis  result  is  remarkable,  inasmuch  as  by  a  sud- 
den exposure  of  a  glass-hard  rod  to  (high)  temperature,  a  very  large 
amount  of  potential  energy  is  instantaneously  released.  If,  therefore, 
two  identical  glass-hard  wires  be  annealed,  the  one  by  raising  the  tem- 
perature very  gradually  as  far  as  ^,  the  other  by  being  suddenly  ex- 
pose<l  to  <®,  we  would  infer,  ceteris  paribus,  that  a  difference  of  hardness 
must  result.  For,  in  view  of  the  sudden  conversion  of  the  available 
mechanical  energy  into  beat  in  the  latter  case,  we  anticipate  an  equiv- 
alent increase  in  the  temperature  of  the  rod.  Virtually,  therefore,  this 
steel  is  annealed  at  a  temperature  somewhat  above  that  of  the  anneal- 
ing bath,  or  above  that  of  the  other  rod.  So  far  as  our  experiments 
went  this  was  not  detected ;  but  the  test  made  is  not  exhaustive.  Our 
attention  was  centered  on  other  matters  at  the  time.  Possibly,  how- 
ever, the  anomalous  distribution  of  hardness  obtained  by  annealing  in 
oil  may  be  partially  accounted  for  in  this  way. 
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BEHAVIOR   OF   SOFT   STEEL    RODS. 

Object  of  ths  measurement, — The  above  values  for  tberino-electric  iwwer 
all  refer  to  elements  in  which  steel  is  thermo-electricallj  combined  with 
pore  soft  silver;  but  the  latter  metal,  though  chosen  expediently,  is 
otherwise  arbitrary  and  without  iuhereut  bearing  on   the  subject  in 
hand.    We  will  undoubtedly  obtain  data  more  in  harmony  with  the 
purpose  of  the  present  investigation,  and  far  more  readily  intelligible, 
by  eliminating  this  foreign  metal  from  our  considerations  entirely.   It 
is  to  be  our  endeavor  throughout  the  following  paragraphs  not  only  to 
add  to  the  perspicuity  of  our  data,  but  also  to  give  them  possibly  im- 
mediate theoretical  significance,  by  referring  all  measurements  to  a 
particular  and  normal  state  of  steel.    The  soft  state  would  appear  to 
suggest  itself  in  so  far  as  it  occupies  an  extreme  and  inferior  position 
in  the  scale.    If,  however,  this  is  to  be  chosen  as  a  point  of  departore, 
the  rods  in  this  state  should  possess  normal  and  fixed  thermO'electric 
qualities,  even  for  different  kinds  of  steel.    This  is  by  no  means  the 
case,  as  the  special  experiments  presently  to  be  detailed  will  show. 
Indeed,  even  in  the  case  of  soft  rods  nominally  of  the  same  material,  at 
all  events  nearly  of  identical  composition,  the  difference  of  thenno- 
electric  power  is  often  very  marked. 

Method  of  softening. — ^W'^ith  the  object  of  reaching  extreme  values  of 
the  soft  state,  the  rods  were  embedded  in  artificial  powdered  ferro  ferric 
oxide,  as  it  falls  from  the  anvil,  and  surrounded  by  a  closed  gas-pipe; 
the  latter  in  turn  enveloped  in  a  thick  coating  of  fire-clay,  protected 
externally  with  thin  sheet-iron.  The  whole  was  heated  to  intense  red- 
ness, and  then  allowed  to  cool  very  slowly  in  the  ashes  of  the  smoldering 
fire^^  The  non-conducting  envelopes  insured  a  very  gradual  subsideoce 
of  temperature. 

Data  for  soft  steel  and  for  soft  iron, — As  examples  the  results  ob- 
tained with  rods  Nos.  46,  47,  and  48  will  be  given : 

Table  31. — Behavior  of  Boft  efeel  rods. 


Remarks. 


Ko.46.      2p=0.0843 


No.  47.      ZpzsO.  0025 


No.  48.     2p=0. 0485 


observed.  '  calcalftted. 


ia7 

18.7 
13.7 
18.7 

23.0 
22.7 
22.6 
22.4 

19.0 
10.0 
19.0 
19.0 


OC. 
87.7 
67.3 
54.2 
45.6 

85.7 
63.1 
61.7 
40.6 

84.0 
64.8 
60.8 
87.0 


mierovolL 
486.3 
354.8 
264.0 
202.8 


643.6 

406.0 
260.0 
169.0 

474.7 
83a4 
242.6 
148.0 


fnierovoU. 
486.2 
354  6 
264.6 
202.6 

644.8 
409.5 
266.4 
169.8 

472.5 
84a  1 
243.0 
14&0 


cm* 


17.08:    1» 


15w«     1» 


1&4I      It 


i^ 


''With  regard  to  the  decarbonization  possible  or  incident  to  this  operation  see 

Clfaapter  III. 
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For  the  sake  of  comparison  iron  wires  of  different  kinds  were  treated 
in  the  same  way  and  snbseqaently  examined.  The  results  obtained 
with  Nos.  I,  II,  and  III  will.be  cited  as  examples: 

Tabub  32. — Bekatiar  of  soft  iron  ioire. 


Remarka. 

( 

T 

obBerved. 

oalcQlat«d. 

a 

5 

•1 

t 

cm 

'cm»' 

oC. 

OC. 

microvolt. 

microvoU. 

microvolL 

xnicTotfAX. 

tnicrohm. 

OC. 

No.  I.    2p=«.0966 

la? 

79.6 

581.3 

582.0 

' 

18.8 
18.7 

66.3 
54.8 

465.4 
856.3 

464.9 
355.8 

>        1L25 

-0.0174 

13.02 

19 

18.8 

44.9 

264.7 

265.0 

. 

No.  n.    2p=dO,(m9 

18.6 

78.0 

650.2 

649.5 

] 

1&6 

ia6 

64.2 
53.4 

430.1 
882.6 

430.8 
838.6 

[        10.56 

-a  0135 

12. 74       19 

1&6 

43.4 

241.6 

24L1 

J 

1 

Ko.  III.    2f»a0.0812 

las 

86.0 

560.2 

560.0 

\ 

1 

ia5 
las 

68.1 
54.3 

41&0 
810.8 

410.1 
800.3 

[         9.66 

—0.0140 

13.87      19 

• 

las 

40.1 

190.7 

190.9 

4 

1 

Impuritiea  in  steel  and  iron. — ^Now,  there  is  reason  to  suppose  that  in 
the  case  of  iron  carburets  generally  the  electrical  effect  of  foreign  irn* 
purities  is  partially  masked  by  the  phenomenally  great  effect  of  com* 
bined  carbon.^  Conformably  with  the  usually  accepted  views,  therefore, 
the  shifting  of  thermo-electric  position  due  to  the  presence  in  iron  of 
materials  (8.,  P.,  Si.,  etc.)  other  than  carbon  will  be  particularly  marked 
for  the  soft  states.  For  it  is  here  that  the  quantity  of  combined  carbon 
contained  is  at  a  minimum,  while  the  steel  itself  is  in  a  natural  homo- 
geneous state.  We  have  analogies  in  the  case  of  alloys.  For  instance, 
on  alloys  of  gold  and  silver  small  additional  quantities  of  foreign  ad- 
'  mixtures  are  relatively  without  marked  electrical  effect,  whereas  if  pure 
gold  or  pure,  silver  be  adulterated  with  the  same  quantities  of  the  same  ma- 
terial the  result  is  pronounced.  If  we  compare  the  values  of  a  and  8  for 
soft  iron  with  those  obtained  for  soft  steel  the  specific  effect  of  carbon 
is  strikingly  obscure.  We  are  induced  ta  refer  the  comparatively  small 
differences  apparent  to  the  effect  of  foreign  impurities  in  the  iron.  At 
least,  in  contrast  with  the  phenomenal  electrical  interval  between  the 
glass-hard  and  the  soft  states  of  steel,  the  electrical  effect  of  carbon  i| 
here  wholly  masked  by  that  of  the  incidental  ingredients.  But  it  is 
herewith  fully  demonstrated  that  the  steel  rod  possessing  the  qualities 
of  a  normal  must  be  sought  for  elsewhere  tban  in  the  soft  state. 

"Directly  or  indirectly.  It  will  be  shown  in  the  sequel  that  the  electrical  yariation 
diaeossed  in  this  chapter  is  probably  due  to  the  strain  accompanying  hardness,  bnt 
this  in  its  turn  is  conditioned  by  the  presence  of  carbon  in  iron. 
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THE  RELATION  EXISTING  BETWEEN  THE  THERMO-ELECTRIC  POWEB 

AND   THE   SPECIFIC   RESISTANCE    OF    STEEL. 

Reduction  of  data, — In  the  above  experiments  we  hare  thus  far  met 
with  86  pairs  of  correlative  values  of  specific  resistance  and  tbenno- 
electric  constant.  We  will  supplement  these  results  by  values  obtaiaed 
with  four  rods  subjected  to  six  hours  of  annealing  in  steam.  They  are 
as  follows: 


Bod. 

2p 

a 

•t 

t 

Na49 

No.  50 

No.  51 

Na52 

0.0574 
0.0554 
0.0531 
a0344 

1.90 
4.08 
4.06 
3.90 

85.75 
29.34 
27.08 
28.68 

19 
19 
19 
19 

In  all,  therefore^  we  are  in  possession  of  90  pairs  of  values.  These 
amply  suffice  to  decide  in  how  far  an  intrinsic  relation  between  thermo- 
electric power  and  specific  resistance,  in  case  of  one  and  the  same  metal 
(steel),  in  different  states  of  temper,  demoustrably  exists.    Now  we  have 


G(T-e))-^r^' 


whence  it  appears  that  the  thermo  electric  constant  a  primarily  refers  to 
the  temperature  zero,  centigrade.  It  is,  therefore,  consistent  to  reduce 
the  observed  values  of  specific  resistance  (IS^ — 21o)  to  the  same  lem- 
perature  (zero).  This  is  at  best  a  laborious  piece  of  work,  and  more- 
over presupposes  a  knowledge  of  the  relation  of  resistance  and  tem- 
perature (the  coeflBcients  vary  within  the  large  range  of  0.1  per  cent 
nearly  to  above  0.4  per  cent.)  for  each  of  the  90  degrees  of  hardness 
encountered.  But  with  the  aid  of  the  results  contained  in  Chapter  I 
of  the  present  memoir  this  reduction  may  be  satisfactorily  made.  The 
results  are  given  in  the  following  table,  where  «,=  «(l+af): 
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Tablk  IK^. — Specific  reHsiance  (cm /cm*  0*>  microhm)  of  atecl. 


No. 


1 

2 

8 

4 

5 

8 

7 

8 

9 

10 

11 

12 

13 

14 

Ifi 

16 

17 

18 

19 

20 

21 

22 

23 

28 

28 

28 

28 

29 

29 

20 


ft 

f 

18.96 

19 

1&40 

19 

20.54 

19 

20.00 

19 

17.64 

19 

20.75 

20 

22.74 

19 

23.20 

19 

20.47 

19 

25.67 

19 

24.81 

19 

22.93 

19 

20.66 

19 

27.36 

20 

2a  11 

19 

26.70 

19 

27.93 

19 

81.82 

19 

28.68 

19 

24.34 

19 

29.84 

19 

30.94 

19 

27.93 

19 

42.64 

18 

42.55 

18 

42.45 

19 

42.55 

19 

42.08 

17 

41.70 

18 

41.52 

19 

«xio» 


8.4 
3.5 

ai 

8.3 
Z.Q 
3.2 
2.9 
2.0 
8.2 
2.6 
2  7 
2.9 
9.2 
2.5 
2.4 
2.5 
2.4 
2.2 
2.4 
2.8 
2.3 
2.2 
2.4 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.7 


17.81 
17.84 
19.40 
18.22 
10.51 
19.51 
21.55 
21.99 
19.80 
24.46 
23.60 
21.73 
19.48 
26.06 
26.88 
25.49 
26.71 
80.06 
27.48 
23.11 
28.11 
29.70 
2471 
41.45 
41.36 
41.20 
41.30 
40.05 
40.53 
40.12 


1 

Na 
29 

•i 

1 

41.82 

19 

30 

87.08 

18 

80 

86.80 

18 

80 

86.51 

18 

80 

86.42 

19 

81 

40.47 

21 

'    81 

39.05 

20 

81 

87.64 

19 

31 

86.83 

19 

81 

85.38 

18 

31 

84.72 

18 

82 

41.42 

21 

82 

88.63 

20 

82 

88.02 

19 

82 

8&88 

19 

82 

85.19 

18 

82 

84.84 

18 

83 

86.96 

81 

83 

85.00 

20 

83 

83.68 

19 

83 

82.26 

19 

33 

81.22 

18 

33 

30.67 

18 

34 

39.34 

21 

84 

29.25 

20 

34 

2&02 

19 

1     34 

27.17 

19 

34 

26  32 

18 

84 

25.85 

18 

42.45 

21 

«xio» 


1.7 
1.8 
1.9 
1.9 
1.9 
1.7 
1.8 
1.8 
1.9 
1.9 
2.0 
1.7 
1.7 
1.8 
1.9 
1.9 
2.0 
1.8 
1.9 
2.0 
2.1 
2.2 
2.2 
1.7 
2.3 
2.4 
2.5 
2.6 
2.6 
1.6 


40.03 
85.92 
35.58 
35.30 
35.15 
89.08 
87.70 
86.40 
35.06 
84.21 
33.50 
89.99 
38.23 
36.76 
85.06 
84.03 
33.14 
85.64 
83.72 
82.85 
3L02 
30.03 
29.49 
87.98 
27.96 
26.80 
25.94 
25.14 
24.69 
41.07 


No. 


85 
85 
85 
85 
85 
86 
86 
36 


87 
87 
37 
87 
38 
88 
88 
38 
89 
89 
39 
89 
46 
47 
48 
49 
50 
51 
52 


28  58 
27.26 
26.04 
25.29 
2472 
87.17 
25.85 
24.91 
86  24. 16 
86  !  23.68 
86  2 ).  12 
8&51 
1&96 
1&78 
ia78 
40.38 
17.55 
17.86 
17.25 
86.04 
1&80 
18.11 

iao2 

17.08 
15.09 

ia4i 

85.75 
29.34 
27.08 
2a  08 


t 

20 

«xio» 

2.4 

19 

2.6 

19 

2.6 

18 

17 

18 

2.7 

21 

1.8 

20 

16 

19 

17 

19 

18 

18 

19 

18 

19 

18 

1.9 

18 

14 

19 

14 

19 

14 

18 

1.7 

18 

16 

19 

16 

19 

16 

18 

L9 

18 

16 

19 

15 

19 

15 

19 

8  6 

19 

19 

19 

17 

19 

1.9 

19 

2.3 

19 

15 

19 

14 

27.27 
2103 
24.81 
24.11 
2157 
85.82 
24.58 
2109 
2193 
22.41 
21  97 
35.30 
17.87 
17.64 
17.64 
89.17 
16  48 

16.16 
34.85 
17.22 
16.98 
1189 
15.98 
14.06 
15.34 
84.51 
2111 
25.85 
27.48 


Fundamental  constants, — P'or  the  sake  of  greater  clearoess  in  designa- 
tion, let  a  be  replaced  by  y',  Sq  by  x.  Parallel  variations  of  y'  and  x  we 
Lave  had  frequent  occasion  to  notice.  Bat  we  have  now  the  data  in 
liand  for  a  complete  discussion  of  the  nature  of  their  mutual  depend- 
ence, and  this  will  manifest  itself  perspicuously  and  at  once  in  a  graphic 
repreaentation  with  x  as  abscissa,  y'  as  ordinate.  Figure  11  contains 
the  90  points  in  question.  They  lie  within  a  band  or  pathway  which, 
as  a  rule,  is  narrow,  especially'  so  near  its  middle,  but  widens  somewhat 
as  wo  approach  the  lower  extremity,  where  2/'=0.  Nevertheless,  the 
character  of  the  functionality  involved  within  the  given  range  of  possi- 
ble variation  appears  with  due  prominence.    It  is  unquestionably  linear. 

We  may,  therefore,  with  great  probability  premise  that  between  y' 
and  X  a  relation  of  the  form 

y'z=zm^nx •     (^) 

exists.  If  we  make  this  equation  the  basis  of  a  calculation  in  which  the 
fundamental  constants  m  and  n  are  to  be  determined  by  the  method  of 
least  squares  we  arrive  at  the  values 

« 

wj=15.176  n=0.4123 

by  solving  the  normal  equations 

r=:mA~nB 
ffheie 

^  =  :5'Z<>  =    90 

B^^X   =2536.55 
C=:SX^  =  773.21 

p=:^y  =  319.91 

Q=2Ay=6G12.1. 
(055) 


Q^mB^nC 


"  'I 


I 


'V    'I 


64 


lEON-C  ARB  UEETS. 


o-i 


Neic  thermo-eleetric  J^fa.— Of  these  coustants,  m  commands  od1tj« 
ondary  interest,  in  so  far  as  it  depends  on  the  metal  (silver  in  our  eaaei 
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ITiu.  U.— Dlagnun  of  the  reUtion  between  the  thermo-electrio  power  of  steel  in  difi)srant  states  of  temptft  ^ 

its  specific  resistance. 

arbitrarily  chosen  to  fix  a  datum  or  point  of  departure  for  thermo-electric 
measurements.    This,  however,  is  not  true  of  w— y',  a  quantity  wholly 
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independent  of  the  arbitrary  element  in  qaestion.  It  therefore  appears 
expedient  to  select  m—y'^h  as  a  new  thermoelectric  variable,  in  which 
case  (1)  redaces  to  the  simpler  form  h=^nx.  The  new  thermo-electric 
data  [hj  nx)  thus  obtained  are  exclusively  dependent  on  qualities  in- 
herent  in  steel.  Tbey  have  no  reference  to  metals  (silver)  foreign  to 
the  present  purpose.  From  a  mathematical  standpoint  m  is  the  experi- 
mental constant  by  which  a  specially  selected  set  of  co-ordinates  is 
determined.  From  a  physical  standpoint  in  would  represent  the  thermo- 
electric constant  of  a  couple,  one  member  of  which  is  silver,  the  other 
the  imaginary  steel  rod,  whose  specific  resistance,  supposed  diminishable 
indefipitely  in  accordance  with  the  above  law,  is  zero.  It  is  this  initial 
state  of  hardness  (A=o)  at  which  the  new  variable  h  originates. 

Thermo-electric  hardness  defined, — The  new  thermo-electric  variable,  A, 
will,  throughout  the  present  memoir,  be  designated  by  the  term  thermo- 
electric hardness.  The  introduction  of  this  quantity  was  suggested  to  us 
by  considerations  similar  to  those  which  led  to  the  conception  of  abso- 
lute temperature.  To  the  absolute  zero  of  temperature,  however,  Thom- 
son has  been  able  to  give  a  concrete  physical  interpretation  ;  whereas 
the  zero  of  thermo-electric  hardness,  so  far  as  the  results  of  the  present 
chapter  go,  furnishes  no  more  than  a  point  of  departure,  at  once  con- 
venient and  free  from  arbitrary  assumptions.  It  is  hardly  necessary  to 
cite  as  a  second  example  the  hypothesis  defining  the  modulus  of  elas- 
ticity, for  instance. 

The  following  is  a  brief  summary  of  the  advantages  immediately  de- 
rived from  the  introduction  of  thermoelectric  hardness : 

1.  Hardness  in  the  case  of  steel  is  expressed  for  the  soft  as  well  as 
for  the  hard  rod  in  significant  and  at  the  same  time  convenient  figures, 
which  increase  as  this  quality  increases.  The  scale  is,  therefore,  adapted 
to  circumstances. 

2.  A  change  of  signs  is  avoided,  the  current  invariably  flowing  from 
the  given  specimen  through  hot  to  the  normal.  In  other  words,  the 
normal  is  thermo-electrically  positive  to  the  whole  family  of  iron-carbu- 
rets, iron,  steel  and  cast  iron,  no  matter  what  be  their  mechanical  state. 

3.  The  results  are  independent  of  the  shiftings  of  thermo-electric  posi- 
tion common  to  all  metals,  due  to  small  amounts  of  impurity  or  differ- 
ence of  mechanical  state. 

4.  By  the  aid  of  the  coefficients  discussed  in  chapter  I  and  for  the  sake 
of  concreteness  of  conception  only,  we  may  state  that,  theoretically,  the 
normal  condition  of  steel,  to  which  thermo-electric  hardness  refers,  would 
nearly  be  given  by  soft  steel  cooled  down  as  far  as  the  absolute  zero  of 
temperature.    (See  Chapter  III.) 

Tabular  comparisons, — A  complete  table  follows,  showing  the  differ- 
ances  between  observed  {h^m^y')  and  calculated  (nx)  values  of  thermo- 
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electric  hardness.    As  has  been  stated,  the  results  are  deduced  by^ 
method  of  least  sqaares : 

Table''  34. — Oniipariton  <^  iks  va/nM  of  the  thermo-eleoirie  &4irdiieM  and  tpcei/iermrim. 


No. 

h 

1M 

Diit 

No. 
29 

h 

MB. 

1 

7.88 

7.84 

0.04 

15.88 

18.60 

2 

7.16 

7.15 

0.00 

80 

1&80 

14.81 

8 

8.19 

&00 

0.19 

80 

15.19 

14.87 

4 

7.40 

7.78 

-4L88 

80 

14.88 

14.68 

5 

&M 

8.81 

—0,15 

30 

14.71 

14.49 

6 

7.04 

ao4 

—0.10 

81 

18L88 

16.11 

7 

9.03 

&88 

0.15 

81 

15.28 

15.54 

8 

8.72 

9.07 

—0.85 

81 

14.88 

16.01 

9 

&22 

7.98 

0.28 

31 

14.32 

14.46 

10 

10  81 

10.08 

0.43 

31 

18.83 

14.10 

11 

10.08 

9.78 

0.80 

81 

13.87 

18.82 

12 

a  78 

a98 

—0.18 

82 

18.82 

18.49 

18 

a29 

&03 

0.28 

82 

16.67 

15w70 

14 

11.12 

10.74 

0.88 

32 

14.88 

16.18 

15 

1L83 

11.08 

0.25 

82 

13.79 

14.45 

18 

10.51 

10.51 

0.00 

32 

18.17 

14.08 

17 

10.92, 

11.01 

—0.09 

32 

12.92 

18.88 

18 

12.89 

12.88 

0.00 

S3 

16.25 

14.89 

19 

1L35 

1L81 

0.04 

33 

14.21. 

18.90 

20 

9.78 

9.58 

0.20 

83 

18.68 

13.84 

21 

1L42 

1L59 

—0.17 

83 

12.98 

12.79 

22 

11.77 

12.25 

—a  48 

83 

12.51 

1138 

28 

10.94 

ILOl 

—a  07 

83 

12.18 

12.16 

28 

17.74 

17.09 

0.85 

84 

18.01 

16.68 

28 

17.12 

17.05 

0.07 

34 

1L69 

1L63 

28 

18.99 

18.99 

0.00 

34 

11.08 

11.05 

28 

18.70 

17.03 

—0.27 

34 

10.85 

10.69 

29 

17.08 

1&89 

0.19 

34 

10.57 

10.87 

29 

1&48 

18.71 

—0.28 

34 

10.84 

10.18 

29 

1&09 

18.54 

—0.45 

35 

17.16 

18.93 

36 

as 

86 


ia«6 ' 

11.31 


*'The  oeoond  decimal  place  (A,  nx^  diff.)  serves  only,  of  course,  to  gtve  gnateraeci- 
raoy  to  the  first  and  might  perhaps  have  been  adyantageonitly  aappivaeed. 

Distribution  of  errors. — If  this  series  of  results  is  examined  criticaQj^ 
that  is  with  especial  reference  to  magnitude  and  location  of  the  errors, 
relatively  large  discrepancies  encountered  at  the  beginning'  of  the  table, 
in  the  case  of  very  soft  rods,  are  conspicnons.    It  is  not,  therefore,  to 
be  considered  as  finally  decided  whether  the  relation  h^sf  (x)  maj  not 
for  small  values  of  ^  be  other  than  linear;  such,  however,  as  rapidlj to 
approximate  to  the  latter  form  of  fhnction  as  x  increases.     The  oth& 
errors  in  general  are  as  liable  to  assume  positive  as  negative  valoes; 
they  lie  within  sufficiently  narrow  limits,  and  do  not,  with  one  exc^ 
tion,  exhibit  any  characteristic  progress  for  consecutive  states.    In  tbe 
case  of  wires  annealed  in  methyl  alcohol  a  uniform  succession  of  errm 
is,  however,  apparent.    For  continually  decreasing  values  of  h  we  have: 


Ko.» 

No.  29 

Ka80 

7 
3 
8 

1 
5 

0 
3 

— S 
8 

In  other  words,  with  continually  augmenting  time  of  exposure^  tbe 
temperature,  66^,  produces  an  annealing  effect  such  that  the  linear  re- 
lation between  thermo-electric  hardness  and  specific  resistanoe  is  nol 
rigidly  maintained.    Here  we  have  unquestionably  the  evidences  at  ft 
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Structural  phenomenoil.  The  inference  is  plausible  that  the  annealing 
influence  of  this  comparatively  low  temperature  is  largely  confined  to 
those  part«  of  the  rod  where  the  strain  is  most  intense.  This  is  prob- 
ably the  case  with  the  superficial  layers;  for,  according  to  Fromme'sdatnm 
the  density  of  these  has  been  increased  enormously.  Now,  it  would 
seem  that  it  is  upon  the  surface  layers  of  a  rod  that  thermo-electric 
power  is  principally  dependent,  whereas  specific  resistance  varies  with 
the  mean  hardness  of  rod  taken  as  a  whole.  The  discrepancy  in  ques- 
tion is  repeated  with  such  uniformity  in  each  of  the  three  wires,  that  it 
is  obvious  we  have  in  hand  more  than  a  mere  error  of  observation. 
Furthermore,  the  similar  variation  which  occurs  in  the  case  of  wires 
annealed  at  10(K>  shows  that  the  anomaly  exists  in  steel  itself,  and  is 
deserving  of  special  inquiry. 

Oan9equence8  of  an  elementary  lawy  h=ns. — A  more  detailed  analysis 
of  the  thermo-electric  effects  of  structure  does  not  substantiate  the  stated 
inference  that  the  thermo-electric  data  are  influenced  to  a  greater  extent 
by  the  condition  of  the  surfiEtce  layers  of  steel  than  the  resistance  data. 

From  the  very  general  evidence  obtained  in  Table  34  in  favor  of  the 
law  hssnsy  we  are  justified  in  giving  it  fundamental  or  elementary  im- 
portance. In  other  words,  the  supposition  is  warranted  that,  for  each 
of  the  coaxial  necessarily  homogeneous  elementary  shells  of  which  we 
may  suppose  the  rod  to  be  made  up,  the  relation 

h^na (1) 

applies.    Suppose,  now,  we  take  into  consideration  any  two  such  shells. 

Let  «i,  Stj  hiy  Af ,  qif  q^  be  their  specific  resistances,  their  thermoelectric 
hardness,  and  their  right  sections,  respectively. 

Let  «is,  huj  qu=9i+{t9  be  the  specific  resistance,  thermo-electric  hard- 
ness, and  right  sections,  respectively,  of  a  single  shell,  which  is  capable 
galvanically  and  thermo*electricaUy  to  replace  the  two  original  shells 
(they  are  actually  combined  in  multiple  arc)  in  every  respect.    Then 

-  *  * (2) 


and 


h  +  h 


8i8t 

gift      ^  ,^^ 

•»=7r~^«" w 

«i"^«i  , 

It  therefore  follows,  in  view  of  equation  (1),  that 

*it=—  (81+ is)  «w=w  «ii 
flu 

and  in  the  same  way  generally 

^>  t>  3      •      •      •     ^=ri -^  (?k)  *li  11 3     •      •      •     =***i,  ty  t     •      • 

9I9S93      •      •      • 

That  is,  if  the  law  h^ns  be  true  for  the  elementary  (necessarily  homo« 
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geneoQs)  layers  of  the  rod,  then  must  it  be  trne  also  for  the  rod  tala 
as  a  whole,  however  complicated  its  strnctnre  may  be,  and  whatever  be 
the  difference  in  the  variation  of  the  density  of  Buceessive  layers  while 
annealing  is  in  progress.    The  converse  of  this  does  not  follow  so  readily. 

The  superficial  layers  of  the  steel,  being  the  ones  directly  and  tmrnedi^ 
ately  operated  upon  in  sudden  cooling,  will  probably  be  the  onesexpeii 
enciug  greatest  intensity  of  strain.  It  may  be  plaasibly  argued,  tbeie- 
fore,  that  the  effect  of  incipient  annealing  is  confiaed  to  these,  or  at  least 
that  the  said  layers  expand  at  a  far  more  rapid  rate  than  the  rod  as  a 
whole  contracts.  The  law  hssns  may  therefore  be  considered  to  applj 
with  good  approximation,  both  in  the  case  of  volume  expansion  aodof 
volume  contraction. 

We  may  account  for  the  progressive  errors  encountered. in  the  case  of 
hard  wires  annealed  at  low  temperatures  (<100O)  from  two  points  of 
view.:  Either  the  elementary  law  h=ns  is  not  rigidly  true  throoghont 
the  phenomenal  variation  of  density  which  the  individual  layers  experi- 
ence on  tempering  (probably  from  7  to  10);  in  other  words,  *==/t*)  ^ 
no  longer  rigidly  linear  when  we  approach  the  enormous  condensatioii 
near  the  surface,  for  instance.  Or,  the  discrepancy  may  be  due  to  the 
facts  observed  by  Caron^*  that  a  hard-steel  rod  during  the  annealing 
contracts  eeolotropically ;  i,  c,  not  in  like  ratio  both  in  the  direction  of 
its  longitudinal  and  its  radial  axes.  In  such  a  case  the  law  A=fM,  ooo- 
ceded  rigidly  to  hold  good  for  isotropic  strains,  need  no  longer  do  80 
in  the  case  in  hand.  This  discussion  will  be  advantageously  resumed, 
in  the  light  gained  from  further  relevant  data,  in  chapter  III.^ 


SOURCES    OF   ERROR. 

The  difference  between  the  observed  and  the  calculated  results  of 
thermo-electric  hardness,  as  exhibited  in  the  last  paragraph,  pertinently 
suggest  an  especial  inquiry  in  regard  to  how  far  they  are  referahle  to 
errors  of  observation.  This  involves  an  examination  into  the  possible 
descrepancies  incident  to  the  various  methods  of  measurement  used. 

Thermo-electric  measnrement, — If  we  commence  with  the  thermo-elec- 
tric measurement  we  at  once  encounter  a  series  of  obvious  sources  of 
error  which  may  be  thus  classified  :  Variation  of  the  factor  of  reduction 
of  the  galvanometer,  to  be  referred  in  part  to  fluctuations  in  the  inten- 
sity of  terrestrial  magnetism,  in  part  to  the  immediate  influences  dae 
to  changes  of  atmospheric  temperature ;  the  inconstancy  of  the  elec- 
tromotive force  of  the  Daniell  between  the  observations  made  for  the 
determinations  of  the  same ;  the  effect  of  extraneous  thermo-currents  in 

»  Caron  :  Comptes  rendns,  LVI,  p.  211,  1863. 
«  Chapter  III,  p.  88. 
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the  galvanic  conuections;  and,  finally,  the  difficnlties  snrroonding  an 
accarate  measurement  of  the  temperatures  of  the  thermo-electric  junc- 
tions^ especially  when  they  are  high.  The  first  two  of  these  may  be 
satisfactorily  avoided  by  frequent  repetitions  of  a  series  of  systematic 
and  corroborative  measurements.  The  devices^  by  which  we  endeavored 
to  eliminate  the  third  have  already  been  fhlly  described;  nevertheless 
the  distortion  due  to  this  cause  is  not  thoroughly  eliminable,  and  its 
effect  will  be  most  apparent  in  the  case  of  small  values  of  thermo-electric 
fbrce.  Steel  wires  lying  very  near  pure  silver  in  the  thermo-electric 
scale  are  therefore  apt  to  be  seriously  influenced.  Conformably  here* 
with,  the  column  of  ^*  differences"  in  the  foregoing  table  (34)  shows  large 
values  when  yf  is  approximately  zero.  But  there  is  another  reason  for 
these  relatively  large  discrepancies,  which  deserves  mention  as  being 
even  of  more  importance  than  the  one  just  referred  to.  The  thermo- 
electromotive  force  is  expressed  by  the  aid  of  two  constants,  thus — 

c=a(T-f)+6(r-e*) 

whence  it  follows  that  the  accuracy  of  the  constant  a,  resulting  from 
the  calculation,  is  conditioned  to  some  extent  by  the  accuracy  of  &;  for, 
although  the  latter  is  usually  small  relatively  to  the  former,  it  enters 

the  equation  *" 

e=[a-f6(T+0](T-.t) 

as  a  coefficient  of  the  sum  of  the  temperatures  T  and  t.  Now,  an  accu- 
rate measurement  of  h  presupposes  a  large  range  of  variation  of  the 
difference  of  temperatures  T  and  t;  and  it  is  just  here  that  in  the  case  of 
glass-hard  rods  we  encounter  an  unavoidable  difficulty.  Large  values 
of  T  are  inadmissible,  because  they  change  the  temper  of  the  exposed 
junction  of  the  rod.  It  is  equally  inexpedient  to  cool  t  below  zero.  At 
least  our  attempts  in  this  direction  served  only  to  convince  us  that  the 
errors  encountered  in  consequence  of  insufficient  constancy  of  t  more 
than  counterbalance  the  advantages  gained,  to  say  nothing  of  annoy- 
ances of  a  practical  kind.  An  inspection  of  some  of  the  earlier  tables 
will  show  that  wherever  the  value  of  a  is  larger  or  smaller  than  was 
with  good  reason  to  be  anticipated,  this  discrepancy  is  compensated  by 
a  similar  error  of  ft.  Indeed  the  calculations  from  which  the  constants 
of  the  90  series  of  experiments  given  above  were  derived,  clearly  show 
that  a  number  of  observations  greater  than  four  for  each  value  of  a  is 
indispensable  for  an  advantageous  application  of  the  method  of  least 
squares.  This  did  not  urgently  appeal  to  us  until  the  measurements 
were  well  in  progress,  and  we  were  equally  undesirous  both  of  changing 
the  routine  adopted  and  of  encountering  additional  labor  in  the  cal- 
culations. Four  observations,  however,  will  not  suffice  where  an  ac- 
curacy of  a  within  one  per  cent,  is  demanded.    We  also  observed  that 

«  Cf.  pp.  34-35. 
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the  correlative  valaes  of  a  and  b  were  materially  diffisrent,  aoeordiB{ 

as  the  eqaation 

fszox+bxu 
or 

w 

was  assumed  for  the  application  of  the  method  of  least  squares. 

ResiHtanoe  measurement — ^The  valaes  for  specific  resistance  are  liatt 
to  two  sources  of  error.    The  first  of  these,  which  is  due  to  vanatioosrf 
temperature,  the  results  contained  in  Chapter  1  have  enabled  as  largely 
to  eliminate.    The  second  error  is  of  a  more  serioas  kind,  and  embneei 
the  difficulties  encountered  in  endeavoring  to  obtain  valaes  for  the  9» 
tions  of  (thin)  rods.    As  the  average  thickness  of  our  wires  was  <nlf 
about  OM  centimeter,  it  would  have  been  necessary  to  measure  the  men 
diameter  to  x^  centimeter  in  order  to  arrive  at  a  mean  section  cor- 
rect to  within  one  per  cent    This  is  not  feasible,  except  with  extztme 
precautions,  either  by  the  use  of  microscopic  or  ^n^vimetric  metiiodai 
In  the  case  of  thinner  wires  the  difficulty  is  proportionately  incressed. 
Snch  errors  as  are  due  to  imperfections  of  contact  at  the  places  of  inser- 
tion of  steel  wires,  etc.,  have  been  already  touched  upon.''    Th^wen 
wholly  avoided  eventually  by  a  change  of  method. 

Other  errors. — In  addition  to  the  sources  of  errors  just  mentioned, 
such  as  are  more  intrinsically  connected  with  the  subject  discussed,  de- 
serve consideration.  It  has  been  stated  that  the  inference  is  warranted 
that  the  rods  used  were  not  qaite  identical  as  regards  chemical  compo- 
sition, and  that  the  electrical  behavior  of  these,  though  alike  in  kind, 
may  di£fer  in  degree. 


CONCLUDING   REMARKS. 

A  brief  review  of  the  general  tenor  of  the  results  discussed  in  the 
above,  in  so  far  as  they  have  a  bearing  on  certain  important  conse- 
quences which  we  desire  now  to  toach  upon,  will  be  in  place  here.  We 
purposely  avoid  all  remote  theoretical  speculations  and  confine  ourselves 
to  inferences  immediately  deducible  from  the  facts. 

Tempering, — ^The  physics  of  the  process  of  temi>ering  have  thus  ftr 
been  but  slightly  understood;  and  it  is  therefore  to  the  new  light 
which  the  present  chapter  throws  upon  the  essential  features  and  re* 
suits  of  this  operation  that  we  desire  first  to  advert.  Only  carsoiy 
attention^  has  hitherto  been  given  to  the  phenomenal  difference  between 


»Cf.  pp.  37-a8. 

^  In  certain  thermo-electrio  measurements  ineidentally  made  by  Joale  (PhiL  Ttans-i 
1659,  ly  pp.  9&-97).  The  results  for  variation  of  specific  resistance  of  all  earlier  ob- 
servers (Monsson,  Chwolson)  are  erroneonsly  small. 

(662) 


DAUL0  AKD  BTBouHAL]      SCHEME   FOB   ALLIED   BE8EABCHE8.  71 

the  extremes  of  mechanical  state:  the  glass  hard  and  the  soft.  The 
largest  thermoelectric  ioterval  observed  in  the  present  work  is  10.17— 
(— 2.60)ssl2.8;  and  the  maximam  ratio  of  the  respective  valaes  of  spe* 
cific  resistance,  ff  s3.0.  It  is  this  enormous  range  of  variation  of  the 
electrical  properties,  together  with  the  facility  with  which  absolute  data 
dependent  merely  on  qualities  essentially  inherent  in  steel  are  obtaina- 
ble, that  would  seem  emphatically  to  recommend  the  scale  of  hardness 
here  introduced  to  the  attention  of  physicists.  Furthermore,  the 
method  of  annealing  adopted  enables  the  observer  to  carry  the  temper 
fh>m  any  given  initial  state  to  any  desirable  final  state  within  the  range 
of  possible  variation  in  a  safe  and  systematic  way.  Of  the  two  factors 
which  condition  the  degree  of  hardness  reached — ^the  temperature  of 
the  annealing  bath  and  the  time  of  exposure  of  the  hard  steel  rdd — 
the  latter  if  sufficiently  prolonged  is  particularly  effective  for  very  small 
values  of  the  former.  If  annealing  be  continued  through  infinite  time, 
the  ultimate  states  (measured  as  thermoelectric  hardness),  would  ap- 
peskT  to  decrease  continuously  as  the  temperature  increases,  though  there 
is  reason  to  predict  the  existence  of  a  minimum  between  400^  and  60(P. 
We  had  commenced  a  special  investigation  of  this  functionality,  but 
the  work  was  forcibly  inten*npted.  It  is  still  to  be  noted  that  the  maxi- 
mum annealing  effect  of  a  temperature  t'  is  independent  of  the  possibly 
pre-existing  effects  of  a  temperature  t,  and  is  not  in  any  way  influenced 
b3'  subsequent  applications  of  the  latter,  provided  t'>t. 

Scheme  far  magnetic  and  other  allied  researches.— The  results  above 
detmled  open  up  a  large  field  for  further  research  in  directions  differing 
firom  those  of  the  present  chapter.  Indeed,  wherever  we  have  to  deal 
with  those  properties  which  depend  essentially  on  the  hardness  of  steel, 
the  experiments  discussed  in  the  above  formally  prescribe,  as  it  were,  a 
method  of  procedure  at  once  expedient  and  safe. 

From  a  physical  point  of  view,  steel  possesses  a  special  and  peculiar 
interest  in  virtue  of  its  pronounced  magnetic  properties.  The  impor- 
tance of  the  influence  of  hardness  on  the  intensity  of  permanent  mag- 
netization has  long  been  known.  But  the  confusion  and  discordance  in 
the  results  of  all  observers  bear  witness  to  the  difficulties  encountered, 
not  only  from  the  vagueness  which  attaches  to  the  term  steel,  but  prin- 
cipally out  of  the  want  of  a  method  by  which  identical  mechanical 
states  can  be  rigidly  defined.  As  a  consequence  the  data  of  many 
laborious  researches  do  not  readily  admit  of  direct  comparison,  ^nd  are 
therefore  nearly  valueless.  Indeed,  we  may  add  that  even  in  the  case  of 
one  and  the  same  type  of  steel  each  rod  must  be  regarded  as  an  indi- 
vidual. 

It  follows,  therefore,  that  a  plan  of  research  in  which  a  given  steel  rod 
is  carried,  by  annealing,  from  an  initial  hanl  to  a  final  soft  state,  through 
all  intermediate  states,  is  alone  adapted  to  the  class  of  experiments  un- 
der discussion.     And  here  again  the  peculiar  mechanical  condition 
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which  we  have  above  characterized  as  the  limit  of  hasdnees  for  a  giTs 
temperature  of  the  annealing  bath  will  api>ear  Baliently  importesl 
The  reasons  for  this  preference  are  obvious.     TV^e  have  in  hand  tie 
highest  of  the  inferior  states  of  hardness  permanently  unaffected  bjthe 
given  circamstances  of  exposure;  the  maximum  of  permanent  hardneB, 
in  other  words.    We  are  justified  in  ascribing  to  it  g^reater  uniformity  of 
temper  and  greater  definiteness  of  internal  structure  than  is  possessed 
by  steel  tempered  in  any  other  way  whatsoever.    Thus  it  will  be  poai- 
bl6y  independently  of  the  degree  of  carboration  of  steel,  or  of  its  cheod- 
ioal  composition  in  general,  independently,  moreover,  of  the  geometriol 
figure  of  a  given  saiAple,  to  investigate  the  magnetic  variation  duetotbe 
the  change  of  a  single  variable  hardness  alone.     With  this  as  a  point 
of  departure,  the  inquiry  leads  to  the  effect  of  form  or  dimensions,  and 
ultimately  to  that  of  carburation. 


addendum:  on  a  simple  method  fob  the  galvanic  calibra- 
tion OF  A  wire. 

The  methods  in  vogue  for  the  calibration  of  an  electrical  measaring 
wire,  one,  for  instance,  to  be  used  in  the  Wheatstone-Kircbhoff  bridge, 
are  without  doubt  inconvenient  in  so  far  as  they  presuppose  a  set  of 
resistance  coils  of  known  simple  ratios.    In  other  words,  they  call  for 
the  preliminary  work  of  comparing  with  great  care  the  said  auxiliaiy 
coils.    The  accuracy  of  the  result  immediately  sought  is  thus  dependent 
on  the  accuracy  of  the  earlier  measuremeut,  and  the  anticipative  cal- 
iber errors  of  the  wire  are  obscured  by  the  errors  possible  in  the  accepted 
ratios  of  the  coils  themselves — particularly  so  where,  as  is  generally 
the  case,  the  discrepaucies  primarily  in  question  are  small.     In  view  of 
the  importance  of  the  very  accurate  and  convenient  method  of  deter- 
mining resistances  by  means  of  the  sliding-contact  bridge,  the  endeavor 
to  overcome  the  obstacles  mentioned  as  completely  as  possible  is  there- 
fore at  once  justifiable.    A  method  moreover  which  can  accomplish  this 
will  be  all  the  more  acceptable  in  proportion  as  the  auxiliary  devices  to 
be  adopted  are  simple  and  readily  available.    We  believe  the  following 
plan  partakes  of  these  advantages. 

The  method  now  to  be  described,  and  which  we  have  profitably  em- 
ployed in  determining  the  sectional  errors  of  an  electrical  measuring 
wire,  is  a  complete  analogon  of  the  procedure  usually  employed  for  the 
calibration  of  thermometers.  The  immediate  principles  and  the  point 
of  departure  are  the  same  as  those  utilized  in  the  well-known  Matthies- 
sen-Hockin  method  of  resistance  measurement.  In  the  annexed  figure, 
in  which  the  ordinary  bridge  adjustment  is  diagrammatically  given,  let 
AUTB  and  AMBhe  the  two  branches  terminating  at  A  and  JS,  where 
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«    A  MB  is  tbe  wire«to  be  calibrated,  ANB  Vb  series  of  resistances,  whose 
r    sam  in  anj  given  case  remains  constant. 

Now,  if  Ml  and  Ni^  Mi  and  N%  are,  respectively^  pairs  of  points  of  like 


E 

Fio.  12.— Disposition  of  sppsratns  for  oAlibrstion. 

potential,  and  if  the  resistance  of  ^i  N2  be  F,  and  the  length  of  the 
part  Ml  M%  be  x,  then 

where  0  is  a  constant  (sensitiveness)  dependent  only  on  the  snm  of  the 
resistances  AN  B.  Indeed,'  if  Wbe  this  snm,  and  L  the  total  length  of 
wire  A  MB.  then 

Tr=ox. 

Furthermore,  let  the  interval  of  calibration  a  be  so  chosen  that  —  =n, 

where  n  is  an  integer. 

Suppose,  now,  that  n  approximately  equal  resistances  are  either 
specially  constructed  or  at  the  observer's  disposal.  In  our  case  a 
number  of  tenths  of  Siemens  mercury  unita,  which  had  been  made  for 
the  purpose  of  serving  as  normals  for  resistance  comparisons.  Were 
available.  But  iu  general  it  is  wholly  sufficient  to  select  a  german  sil- 
ver wire  of  appropriate  length  and  thickness,  to  cnt  it  into  n  approxi- 
mately equal  parts,  and  then  to  solder  the  ends  of  each  of  these  to 
terminals  of  thick  copper,  the  free  ends  of  which,  in  their  turn,  are  to  be 
amalgamated  so  that  mercury  contacts  may  be  used  at  Nij  i\r2 . . .,  ilTe . . . 
throughout.  Further  knowledge  of  the  resistance  ratio  of  these  auxili- 
ary wires  is  quite  unnecessary. 

These  n  approximately  equal  resistances  J,  Ily  III .  .  .  are  joined 
in  series  by  mercury  cups,  as  shown  in  the  diagram.  To  have  a  con- 
crete case,  let  ft=5,  for  which  assumption  the  figure  applies.  The  ex- 
treme points  A  and  B  of  the  measuring  wire  are  connected  by  pieces  of 
thick  copper  with  the  extreme  mercury  cups.  The  calibration  is  then 
effected  as  follows: 

One  of  the  prolonged  terminals  of  a  sensitive  galvanoscope  is  ooa- 
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nected  consecntively  with  the  points  Ni,  N2 ;  and  by  means  of  the  other 
terminal  the  corresponding  positions  of  the  sliding  contact  on  the  wire 
A  MB  J  viz,  Mij  Jfs,  respectively,  determined. 

Then  I  and  II  are  exchanged,  so  that  the  resistance  wire  I  now 
occupies  the  former  position  of  JJ,  and  vice  versa;  and  while  one  of  the 
terminals  of  the  galvanoscope  is  connected  consecntively  with  the 
mercury  cnps  N%  and  ^3,  the  other  enables  ns  to  determine  the  corre- 
sponding positions  of  the  sliding  contact  on  the  wire  AMB^  viz,  Ui 
and  M^  respectively. 

..  After  this,  I  and  III  are  exchanged.  The  contacts  of  one  galvano- 
scope terminal  at  ]S%  and  ^^4  fix  the  positions  of  the  sliding  contact  at 
Mj  and  ^£4,  respectively.  And  so  on  until  I  has  passed  consecutively 
from  its  original  first  position  to  the  final  portion  among  the  whole 
series  of  resistances  A  JSTB.  In  this  way  we  obtain  on  the  wire  A  MB 
the  nearly  consecutive  parts  Mi  Jiff,  Mt'  JIfa,  MJ  M4 . . .  of  like  resistance. 
Herewith  it  is  obvious  that  this  method  of  galvanic  calibration  is 
strikingly  analogous  to  the  method  adopted  in  thermometer  calibra- 
tion.   In  the  latter  case  a  mercury  thread  of  a  given  constant  con- 

100 
venient  volume  and  the  approximate  length  a=: —  is  moved  from  place 

to  place  in  the  tube,  and  its  length  for  each  of  these  positions  deter- 
mined in  terms  of  the  thermometer  scale — ^lengths  which  under  as- 
sumption of  a  constancy  of  caliber  would  b^  proportional  to  the  volume 
of  the  thread,  and  hence  identical.  In  the  former  electrical  measare- 
ment,  a  wire  of  constant  resistance  is  moved  from  place  to  place,  and 
its  value,  as  it  were,  determined  in  terms  of  lengths  of  the  measuring 
wire,  which  again  under  conditions  of  constant  sections  would  be  pro- 
portional to  the  said  moving  resistance,  and  therefore  identical.  In 
both  cases,  finally,  the  sectional  error  of  the  tube  or  wire  is  shown  bj 
the  discrepancies  or  differences  in  the  observed  lengths  of  mercury 
thread  or  wire-part,  respectively.  In  thermometry,  the  two  fixed  points, 
with  reference  to  which  the  calibration  is  complected,  are  the  freezing 
and  the  boiling  points  of  water.  On  the  bridge  the  correspoDding 
points  coincide  with  the  extremities  A  and  -B  of  the  wire. 

Let  Oi,  Os,  03, . . . .  be  the  equivalent  wire  parts  of  AM  Bj  determined 
by  direct  observation.  Then  will  the  mean  length  of  these,  which 
under  assumption  of  a  mean  section  of  the  calibrated  wire  corresponds 
to  the  calibration  resistance,  be 


n 


But  as  Oi,  Os,  Os  differ  but  slightly  from  the  calibration  interval  as-, 

it  is  practically  convenient  not  to  introduce  into  the  calculation  the 
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fy. wbole  Ungths  ai    .    .    •    Oq,  bat  merely  their  (positive  or  negative) 
^? '  differences  from  a.    Therefore  let 

^  and  similarly 

^*  ^i  +  *^«  +  ^+    ■    ■    '    ^^fl  I  ^ 

n 


^  ^  Then,  more  simply ,  there  follows 

n. 

and  therefore  for  the  table  of  calibration  of  the  wire, 

firom   0  to   a <r— di 

firom    a  to  2a a— »dt 

from2ato3a a^ds,  etc 

Therefore  by  sammation : 

At   a,  correction  =  a— c^i 

At  2a,  correction  =i2£r->(^i—df 

At  3a,  correction  =3af— tfi— (^i— tfj,  etc. 

As  the  main  feature  of  the  present  method,  we  desire  again  to  advert 
to  the  simple  means  by  which  the  calibration  is  effected.  The  only 
error  to  be  guarded  against  is  the  possibility  of  variation  of  tempera- 
ture daring  the  coarse  of  the  consecutive  adjustments  of  the  calibra- 
tion resistance.  But  the  work  can  be  accomplished  rapidly — all  the 
more  as  the  approximate  positions  of  M  are  readily  predeterminable 
with  considerable  accuracy.  If  a  fairly  sensitive  galvanoscope  be  em- 
ployed the  errors  of  adjustment  are  of  the  same  order  as  the  errors  of 
observation.  In  case  of  our  special  bridge  2^  meters  long,  very  ordinary 
means  enabled  us  to  secure  an  accuracy  of  adjustment  within  0.1  milli- 
meter. 

By  means  of  the  principle  here  enunciated  any  of  the  other  methods 
of  thermometer-calibration  would  be  equally  applicable.  The  conven- 
ient one  given,  however,  is  sufficient  for  all  practical  purposes. 
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CHAPTER    III. 

TKB  K ATtTBB  OF  THX  PHSKOMBKON  OF  TSJtfPKS  AM  OB8EBV1D  II 
STSBIi  DI8CU88XD  FBOM  AK  SI^ECTBICAX.  SX Ain>POIHT-PASIlCr- 
I^ABLT  IK  BEFEBSNCS  TO  THE  ANAI^OOOI7S  BJCHAVIOB  OF  XALU^ 
BUB  CA8T-IBOK  AND  OF  AI^I^OTS  OF  STLVXR. 

INTRODUCTION. 

General  inferences  deducible/ram  the  eaeUirons. — ^If  we  abstraet  ta 
grossly  impure  material^  details  and  alterior  complications,  thedifc- 
ent  kinds  of  cast-iron  may  be  conveniently  classed  with  refercaitt  t» 
two  well-known  types — ^the  gray  cast-iron  and  the  white  cast-iioo- 
'  which  are  thoronghly  distinct  and  well  marked,  as  regards  botli  to 
chemical  and  their  mechanical  properties.    Beasons  for  this  dassito 
tion,  it  is  believed,  are  not  tar  to  seek,  and  they  are  sach  as  depeiid  a 
the  manner  in  which  the  carbon  contained  is  combined  with  the  iron  ' 
White  cast-iron  is  known  to  contain  carbon  in  the  chemically  combined 
state  only.    In  gray  cast-iron,  however,  the  uncombined  or  mechani- 
cally admixed  forms  of  carbon  are  present  in  mach  the  greater  propor- 
tion.   Furthermore,  it  is  known  that  a  given  specimen  of  molten  iron 
may  be  changed  into  either  the  gray  or  the  white  type,  respectively,  a^ 
cording  as  the  cooling,  after  casting,  is  permitted  to  take  place  v^ 
gradually  or  very  rapidly.^    In  this  respect  an  experiment  of  KarstenV 
is  peculiarly  instructive.    Karsten  poured  molten  iron  into  a  thick  iron 
mold.    The  outer  layers  of  the  cold  mass,  which  in  this  way  had  cooled 
at  a  comparatively  rapid  rate,  were  found  to  contain  combined  carbon 
only.    In  the  inner  and  axial  layers,  however,  where  cooling  took  pl«e 
gradually,  only  about  one-sixth  of  the  total  carbon  occurred  in  the  com- 
bined form.^    Suppose  we  compare  the  process  of  fast  and  slow  cooling 
in  the  case  of  cast  iron,  with  sudden  chilling  and  very  ^^radnal  cooling 
in  ca-se  of  steel,  respectively;  suppose,  furthermore,  we  contrast  the 
very  bigh  degree  of  hardness  possessed  both  by  white  cast  iron  and 

chilled  steel  with  the  readiness  with  which  gray  cast-iron  and  slowly 

• « _ 

37  The  remarks  here  made  present  the  facts  nnder  consideration  only  in  a  brief  sod 
introdaotory  way.    For  full  and  exhaastive  discussions  the  reader  is  referred  to  Perej- 
Wedding,  Eisenhflttenkande,  Bd.  II  of  the  German  Percy,  pp.  130-186,  Brannschweig, 
1864.    Cf.  particularly  critical  remarks,  pp.  16&-167.    \ 
»  Karsten :  Eisenhflttenkunde,  Bd.  I,  3  Aufl.,  1841,  p.  581  £f. 
^The  results  of  Karsten's  analysis  are  these: 

Before  melting  (iron  homogenous) :  C  combined,  0.8  per  cent.;  C  nnoombined,  3.8 
j  per  cent. 

]  After  melting  (outer  layers):  C  combined,  5.1  per  cent.;  C  nnoombined,  0.0  per 

i  cent.    Inner  layers:  C  combined,  0.6  per  cent. ;  C  uncombined,  3.2  per  cent. 
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cooled  or  thoroughly  annealed  steel  yield  even  to  an  ordinary  file;  then 
the  inference  is  apparently  unavoidable  that  the  hardness  which  may 
be  imparted  to  steel  by  a  process  of  tempering  is  to  be  referred  to  the 
transfer  of  carbon  from  the  uncombiued  to  the  combined  state.^ 

Data  corroborating  this  analogy, — If,  however,  what  may  be  called  the 
chemical  method  of  accounting  for  the  hardness  in  steel  were  alone  de- 
pendent on  analogies  of  the  kind  just  sketched,  we  would  not  be  in- 
clined to  accept  it  immediately  and  with  full  confidence.  In  glass-hard 
steel  we  encounter  strains  of  a  peculiar  character  and  of  enormous  in- 
tensity. It  is  upon  such  observations  that  a  purely  physical  explana- 
tion of  the  hardness  in  question  might  be  based — an  explanation  much 
better  adapted  for  the  prediction  of  certain  physical  phenomena  to  be 
mentioned  below  than  the  chemical  view  under  consideration.  At  the 
very  outset  we  come  upon  difficulties.  Suppose,  for  instance,  we 
attempt  to  draw  further  inferences  from  Karsten's  experiment.  We 
find  that  the  glass-hard  external  layers  of  his  cylinder,  consisting' 
wholly  of  white  cast  iron,  possess  the  specific  gravity  7.55,  whereas  the 
specific  gravity  of  the  gray  nucleus  was  only  7.18.  The  effect  of  sudden 
chilling  in  case  of  steel,^^  however,  is  a  very  marked  diminution  of  density 
of  the  rod,  as  a  whole.  Even  if  we  pursue  our  inference  further,  and 
endeavor  to  compare  the  external  and  internal  layers  of  a  glass-hard 
steel  rod  with  the  corresponding  parts  of  Karsten's  chilled  iron  cyl- 
inder, respectively,  we  fail  to  arrive  at  satisfactory  results ;  for  the 
density  of  the  external  layer  of  a  steel  bar  (about  10)  is  incommensu- 
rately  large  when  compared  with  the  above  datum  for  white  cast-iron. 
The  chemical  explanation,  however,  at  once  becomes  of  iucontestible 
importance  when  it  is  found  that  in  addition  to  the  given  analogies 
we  have  in  hand  a  number  of  data  which  go  to  prove  that  carbon  exists 
differently,  as  regards  its  mode  of  occurrence,  in  hard  and  in  soft  steel. 
The  data  are  derived  from  the  chemical  behavior  of  soft  and  hard  steel 
toward  acids.  In  this  place  the  extensive  experiments  of  Caron*'  need 
alone  be  mentioned.  The  results  of  this  observer  with  steel  in  the  com- 
mercial, the  hammered,  and  the  glass-hard  states,  respectively,  furnish 
striking  evidence  of  the  fact  that  the  mode  of  occurrence  of  carbon  in 


«Cf.  Kanten:  Karaten  n.  v.  Dechen's  Archiv.,  XXV,  p.  223, 1853.  Cf.,  also,  p.  103 
of  the  present  paper. 

^Karaten:  op.  cit.,  Bd.  I,  p.  193-4,  experimeDts  of  Hausmannand  Karsten.  Cf.  also 
ibid.,  p.  164,  ff.  For  a  table  for  Swedish  Bessemer  steel,  see  ''  Steel,  its  history,  etc.,'' 
J.  S.  Jeans,  Sec.  Br.  Iron  and  Steel  Inst.,  London,  ftjpou,  1880;  Cf.  ibid.,  p.  612-615. 
On  the  mean  specific  gravity  of  iron-carburets,  cf.  Karsten,  op.  cit.,  p.  183. 

^Caron:  Comptes  rend.,  LVI,  p.  43,  1863.  The  residues  in  the  cases  referred  to, 
viz.,  1.62  per  cent.,  1.24  per  cent.,  0.24  per  cent.,  were  fonnd  to  contain  0.H3  per  cent., 
0.56  per  cent.,  0.00  per  cent,  of  carbon,  respectively.  The  following  remark  of 
Caron's  moreover,  is  of  especial  importance  here:  '^Ainsi  de  Tacier  tremp6  ayant^t^ 
lecnit  pendant  nn  temps  variant  entre  quelqnes  henres  et  plnsiers  Jonrs  a  donn6 
'aprte  dissolution  des  quantity  de  carbon  libre  qui  ont  augment^  en  m^me  temps 
<qae  la  dor^  et  Tintensit^  des  chanffes.''    pp.  45-46. 
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soft  steel  is  thoroaghly  different  from  the  chemical  condition  of  thia 
element  in  hard  steel.  In  so  far,  then,  as  it  is  necessary  to  associate  with 
this  difference  of  chemical  state  of  the  carbon  in  steel  some  correspond- 
ing difference  in  the  mechanical  properties  of  this  material,  the  validity 
of  the  chemical  explanation  of  tempering  may  be  said  to  have  received 
its  first  important  vindication. 

Besults  at  variance  with  chemical  hypotheses, — Of  late  many  fBycts  hare 
been  adduced  by  various  observers  and  in  different  ways  against  the 
hypothesis  that  the  union  of  carbon  and  iron  is  ever  of  a  thoroaghlj 
chemical  character.  Singularly  clear  in  this  respect  are  the  views  of 
Matthiessen,^  who  supposes  that  iron-carburets  are  to  be  regarded  either 
as  solidified  solutions  of  carbon  in  iron,  or  as  solutions  containing  carbon 
mechanically  admixed.  To  these  new  opinions  Matthiessen  is  led  by 
a  study  of  the  electrical  conductivity  of  these  materials.  With  this 
general  hypothesis  the  results  of  the  calorimetric  researches  of  Troost 
•  and  Hautefeuille^  are  in  strict  accordance.  These  observers  find  that 
not  only  carbon  but  silicon  show  such  thermo-chemical  relations  toward 
iron  as  call  for  a  classification  of  iron-carburets  with  the  category  of 
solutions.  Forquignon,^  finally,  who  has  lately  been  occupied  with  simi- 
lar researches,  gives  to  this  view  his  unqualified  assent. 

Ulterior  consequences  of  the  chemical  theory  in  case  of  steel. — ^In  consec- 
tion  with  our  researches  on  the  hardness  of  steel  a  careful  consideration 
of  the  sulyect  in  hand  appeared  necessary.  Out  attention  was  not,  how- 
ever, attracted  to  the  questions  just  developed,  viz.,  whether  a  chem- 
ical or  mechanical  explanation  for  the  mode  of  occurrence  of  carbon  in 
steel  is  more  in  coincidence  with  facts.  The  subject-matter  of  impor- 
tance to  us  is  sketched  in  all  its  essential  points  in  the  earlier  sections^ 
It  is  our  endeavor  to  investigate  whether  a  given  change  in  the  state  of 
hardness  of  a  steel  rod  is  to  be  ascribed  to  a  corresponding  change  in 
the  mode  of  occurrence  of  the  carbon  in  this  material,  or  whether  the 
presence  of  carbon  imparts  to  iron  certain  distinct  and  unique  properties 
('<  steel")  in  such  a  way  that  the  whole  series  of  the  phenomena  observed 
in  tempered  steel  are  to  be  regarded  as  purely  mechanical  in  their  char- 
acter. It  may  be  observed  that  the  first  manner  of  explanation  does  not 
necessarily  conflict  with  the  second.  Both  chemical  and  mechanical 
phenomena  may  coexist.  But  it  is  best  in  this  place  to  hold  the  two 
hypotheses  strictly  apart.  This  is  readily  possible,  because  the  different 
states  of  hardness  obtainable  from  a  glass-hard  steel  rod  by  annealing 
are  all  reached,  practically,  when  the  temperature  of  the  annealing  bath 
is  still  below  350^,  a  temperature  insufficiently  high  for  the  conversion 
of  uncombined  into  combined  carbon. 


^ Matthiessen :  Rep.  Br.  Asboc.  Adv.  So.,  1866,  p.  15. 

^  Troost  and  Hantefeaille:  Ann.  de  ch.  et  de  phys.  (5),  DC,  1876,  p.  70. 

^  Forqnignon :  Ann.  de  oh.  et  de  phys.  (5),  XXIII,  1881,  pp.  531-596. 

(670) 


s 


•i 


BABU8  jkKD  8TB0UBAL.]      CONSEQUENCES  OF  THE  CHEMICAL  THEORY.        79 

^  ^  Sappoae  now  that  we  abstract  from  physical  considerations  altogether 
r-  for  the  time  being,  and  endeavor  to  obtain  fix>m  the  older  and  more 
I*  thoroughly  investigated  chemical  hypothesis  an  explaniation  for  the  de- 
^  tails  of  the  phenomena  of  annealing  discussed  in  an  earlier  chapter.^ 
ii:  If  sadden  chilling  is  accompanied  by  chemical  combination  of  the  car- 
bon in  steel,  then  must  the  operation  of  annealing,  which  reverses  the 
s  effects  of  the  former,  enable  ns  to  reconvert  combined  carbon  into  its 
IF  original  ancombined  state/"^  Bnt  we  have  shown  that  for  each  temi)er- 
<!  atare  of  exposure  during  the  annealing  of  a  glass-hard  rod  there  ex- 
2^  ists  a  distinct  degree  of  hardness,  cceteris  paribuSj  characteristic  of 
t^  the  temperature  in  question  alone.  It  follows,  therefore,  that  to  each 
temperature  of  the  annealing  bath  there  must  correspond  a  certain 
fixed  ratio  of  combined  to  ancombined  carbon,  the  time  of  exposure 
being  indefinite.  From  the  known  behavior  of  steel  in  different  states 
of  temper,  moreover,  combined  carbon,  most  be  looked  upon  as  electri- 
cally active,  nncombined  carbon  as  electrically  neutral.  Thus  we  have 
it  in  our  power,  with  the  aid  of  the  simple  process  of  sudden  chilling 
combined  with  subsequent  annealing,  in  so  far  as  in  this  way,  within 
certain  limits,  any  given  amount  of  an  electrically  active  ingredient 
may  be  converted  into  an  electrically  passive  form,  to  reach  the  same 
results  which,  in  the  case  of  alloys,  for  instance,  are  obtainable  only  by 
melting  the  two  component  metals  together  in  a  ratio  which  may  be 
called  for.  We  said  **  within  certain  limits":  the  superior  limit  here 
meant,  is  the  total  amount  of  carbon  present  in  the  given  type  of  (nor« 
mal)  steel ;  the  inferior  limit,  the  small  amount  of  combined  carbon 
which  even  after  most  prolonged  and  gradual  cooling  cannot  be  made 
to  api>ear  in  the  nncombined  state.  With  this  chemical  interpretation, 
finally,  the  remarkable  linear  relation  between  the  thermo-electric  con* 
stant  and  the  specific  resistance  of  steel  passing  continuously  from  the 
glass-hard  to  the  soft  state  would  at  once  appear  to  possess  broader 
significance  than  that  of  being  a  special  peculiarity  of  steel. 

These  are  the  reflections  which  induced  us  to  undertake  the  present 
investigation.  We  were  in  hopes,  moreover,  that  the  results  would 
prove  of  such  a  character  as  to  enable  us  to  derive  inferences  from  them 
on  the  chemical  nature  of  steel.  At  all  events,  the  subject,  considered 
firom  the  standpoint  of  its  own  merits,  is  not  undeserving  of  detailed 
attentioD.  The  number  of  data  in  hand  on  the  relation  in  question  is 
almost  insignificant. 

^Stronhal  o.  BaroB :  Wied.  Ann.,  XI,  p.  9G2, 963,  1880.    Chapter  II,  pp.  43  et  aeq. 

^^Caron :  1.  o.,  pp.  45,46.  Unfortunately  we  have  not  been  able  to  find  any  data 
relative  to  the  eJBfect  of  ordinazy  annealing  (ezpoanres  below  400°)  on  the  mode  of 
oocomnoe  of  carbon  in  steel. 
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Earlier  results  inndeguate. — ^The  literature  on  the  electrical  oondnc- 
tivity  of  alloys  is  very  volaminous,  but  the  exhaastive  researches  of 
Matthiessen^  contain  all  the  essential  data.  At  leaet,  little  has  been 
developed  that  has  a  bearing  on  the  present  paper  since  the  date  of 
Matthiessen's  main  research.^*  From  the  tables  and  graphical  conBt^Q^ 
tions  there  given,  the  conductivity  of  a  large  number  of  alloys  can  be 
at  once  deduced  when  the  proportion  in  which  the  ingredients  of  the 
alloy  are  mixed  is  known.  Similar  remarks  by  no  means,  however,  ap- 
ply to  our  knowledge  of  the  thermo-electric  properties  of  alloys.  Quali- 
tative results  are  not  lacking.  Available  quantitative  data  are,  how- 
ever, very  rare."  Pairs  of  values  of  both  the  electrical  conductivitj 
and  the  thermo-electric  power  of  alloys  are  only  to  be  found  in  isolated 
examples,  if  at  all.  At  least  we  were  not  able  to  obtain  other  data 
than  a  few  measurements  incidentally  made  by  SundelL'^ 

Matthiessen's  numerous  results  made  a  special  determination  of  data 
on  the  relation  between  percentage  composition  and  either  of  the  elec- 
trical constants  superfluous.  Such  measurements  presuppose  chemical 
analysis,  which  could  not  have  been  made  without  unduly  sacrificing 
the  greater  part  of  our  wires  and  material.  By  weighing  out  the  in- 
gredients^  and  careful  fusion,  we  were  able  to  obtain  from  Matthiessen's 
tables  a  satisfactory  corroboration  of  our  results. 

Material^  fusion,  preparation,  etc. — ^The  general  plan  adopted  in  oar 
researches  with  alloys  was  such  as  would  correspond  to  a  progressiTe 
increase  in  the  state  of  hardness  of  steel  from  the  soft  or  thoroughly 
annealed  to  the  glass-hard  condition,  premising  the  views  discussed  in 
the  last  section.  We  commenced  with  pure  silver,  to  which  more  and 
more  of  a  second  metal  was  successively  added,  until  finally  mechanical 
difficulties  were  encountered  such  as  prevented  a  drawing  of  the  alloy  to 
wire.  In  case  of  silver-gold  alloys,  a  complete  series,  commencing  with 
silver  and  ending  with  gold,  were  obtainable.  The  alloys  examined  are 
those  of  silver  with  gold,  platinum,  copper,  and  zinc.  Silver  and  gold 
were  obtained  pure  from  the  mint  at  Frankfort;  platinum,  from  the 
shops  of  Heraeus  in  Hanau.  The  copper  was  deposited  electrolytlcallj 
from  a  copper-sulphate  solution.  In  making  the  alloys  we  proceeded 
thus :  A  weighed  amount  of  silver  having  been  well  fused  on  a  bone- 
ash  cupel  by  the  aid  of  a  blast-lamp,  the  proper  quantity  of  the  second 
metal  was  added  to  it.    Solution  is  usually  immediate.    Having  mixed 

*»Mattliie88en :  Pogg.  Ann.,  CX,  pp.  190-221,  1860. 

^^MatthiesseD  and  Holzmann :  Pogg.  Ann.,  CX,  pp.  222-234, 1660;  Bep.  Br.  Aiboo. 
Adv.  So.,  1863,  p.  37. 

BO  We  may,  perhaps,  mention  Joule:  Phil.  Trans.,  1859, 1,  p.  96  (Hi,  8b);  Sondell: 
Pogg.  Ann.,  CXLIX,  1873  (Bi,  Sb,  Sn). 

»» SundeU:  /Wd.,  pp.  154  -170. 
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two  component  metals  as  thoroughly  as  possible  by  chasing  the 
bnle  over  the  surface  of  the  cupel,  the  flame  was  withdrawn  and  a 
^/86  bell-jar  filled  with  hydrogen  (the  gas  being  continually  resupplied 
X)ugh  an  aperture  in  the  neck  of  the  jar),  quickly  placed  over  it. 
:ydation,  as  well  as  absorption  of  oxygen  by  the  melted  globule,  was 
js  avoided,  the  button  cooling  in  an  atmosphere  of  hydrogen.  Only 
^4  .  the  case  of  silver-copper  alloys  is  this  simple  process  to  be  regarded 
J^dufficient  for  the  attainment  of  very  accurate  results.^'  But  the  dis- 
^^  'epancies  thus  introduced  into  our  work,  and  which  are  due  to  absorp- 
j^  bn  of  oxygen  by  copper,  are  quite  insignificant.  Of  this  fact  a 
■T,  ■  »mparison  of  Matthiesseu  and  Holzmann's  data  with  our  own  has  fully 
^^^^>nvinced  us.  On  the  other  hand,  the  variation  of  thermo-electric 
ower  and  conductivity  of  alloys  of  silver  and  copper  takes  place  within 
^  J"  mits  so  nearly  coincident  that  the  general  character  of  the  diagram 
^_    7hich  we  will  endeavor  to  construct  below  is  in  nowise  distorted. 

The  buttons^  were  hammered  and  drawn  down  to  wires  of  appropriate 
liameter.  These  were  then  annealed  at  high  red  heat  in  a  current  of 
jydrogen  by  the  aid  of  a  dynamo-electric  machine.  We  were  able  to 
^  ^"regulate  the  intensity  of  current,  and  with  it  the  glow,  by  introducing 
^'^into  the  circuit  a  solution  of  copper-sulphate,  in  which  the  copper  elec- 
^trodes  were  kept  at  suitable  distances  apart.  Accidental  fusion  of  the 
'^hot  wires  was  thus  not  to  be  apprehended.  After  this  annealing  they 
^  api>eared  soft  and  flexible.  Only  the  middle  parts  of  the  wires,  over 
the  whole  length  of  which  the  glow  had  been  uniform,  and  which,  for 
other  reasons,  were  apt  to  be  homogeneous,  were  reserved  for  the 
measurements. 

Method  of  thermoelectric  measurement. — Results. — The  methods  of 
measurement  Of  thermo-electric  power  and  specific  resistance  are 
identical  with  those  employed  in  our  earlier  researches*^  The  former 
is  throughout  referred  to  pure  silver  as  a  datum,  i.  e.,  denotes  the  power 
of  a  thermo-element,  one  part  of  which  is  always  silver;  the  other,  how- 
ever, the  given  alloy.  Junctions  were  carefully  soldered.  The  compo- 
sition of  all  alloys  is  given  in  volume  per  cents,  the  data  expressing  the 
volume  of  the  metal  alloyed  to  silver  in  100  volumes  of  alloy.  It  has 
been  stated  that  these  numbers  are  only  approximate,  since  during 
fusion  the  two  metals  will  hardly  have  been  volatilized  in  like  ratios. 

With  these  remarks  the  following  tables  (35-39)  will  be  readily  in- 
telligible. The  thermo  electric  constants  a  and  b  are  calculated  on  the 
basis  of  Avenarius'"  formula,  e=a  (T—t)+h  (T*— (*),  from  six  corre- 

"^Cf.  MatthieMen  a.  Holzmann:  L  o.,  pp.  222-224. 

■^It  woald  have  been  desirable  to  operate  with  larger  quantities  of  metal,  bnt  these 
were  not  at  onr  disposal. 
M  See  Chapter  II,  p.  31  et  $eq. 

"^Avenarias:  Pogg.  Ann.,  CXLIX,  p.  374, 1873.  e  is  the  electro-motive  force  for  the 
temperatures  Tand  i  of  the  Junctions  of  the  given  thermo-element  whose  constants  are 
a  and  6. 
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sponding  values  of  f,  T,  f,  for  each  alloy,  by  the  method  of  least  sqnaifv 
The  ineasiirements  were  originally  made  in  Weber- Siemens'  units,  aijd 
then  reduced  to  current  values  by  the  relation  ohm=1.06  Siemens. 

Taiilk  35. — Thermo-electric  power  of  alJoyt. 


Alloy. 


Vol. 
P.ct 


Silver-platlnnm. 


Do. 


C. 
16.5 
1&6 
16.7 
16.7 
16.8 
16.8 

15.8 
15.9 
1&9 
16.0 
16.1 


Do 

1      J.V.  A. 

10 :  17. 1 

17.1 

17.1 

17.1 

17.1 

17.2 

Do 

16  !  16. 1 

16.1 

16.2 

16.2 

16.3 

1&3 

1 

c. 

83.6 
75.7 
64.1 
53.6 
43.1 
86.3 

7&6 
69.3 
60.9 
52.8 
45.8 
37.5 

90.6 
7a  1 
68.3 
55.4 
45.2 
3&2 

90.2 
74.0 
62.9 
52.4 
43.4 
36.2 


obflerred. 


microsoft. 
-308.6 
-26L3 
-206.7 
-156L1 
-111.7 
-  82.4 

-413.0 
-846.3 
-28&2 
—230.1 
-186.4 
-132.9 

-604.4 
-498w8 
-405.2 
-296.8 
-213.8 
-134.4 

-710.6 
-539.7 
-425.6 
-324.9 
-239.4 
-174.0 


calculated. 


mierorolC. 
— 30&8 
-2«L1 
—206.7 
— 15ai 
—111.9 

-  82.3 

—412.5 
-346.4 
— 288L5 
—230.1 

—  188.6 
~13Z7 

— «03.4 
—499.6 
—405.0 
—296.4 
—213.  7 
-134.6 


-709.4 
-639.5 
-427.1 
-324.9 
-239.6 
-173.6 


Diir. 


-3-95  .  -twS 


— 


-ilffi 


77 ;  -aiw 


-aiaa 


Table  36. — T^ermo-electrio  power  of  alloys. 


« 

AUoy. 

Vol. 
P.ct 

t 

T 

€ 

obserred. 

oalcakited. 

JHS. 

- 

!   . 

C. 

C. 

micrmoU. 

microvcU. 

SUvergold 

5 

15.5 

861 

-132.9 

—132.9 

0.0 
—0.4 

1 

15.5 

75.5 

-114.1 

-113. 7 

1 

15.4 

68.3 

-  99.1 

-  99.6 

0.7 

1 

15.4 

6i.O 

-  87.8 

-  87.5 

-0.8 

>-1.77 

-am4 

16  4 

50.6 

-  665 

-  66.6 

-0.0 

15.4 

40.0 

-  46  4 

-  464 

-ao 

d 

Do 

15 

15.4 

89.5 

-209.2 

—209  5 

{%  ^     ^ 

15.5 

80.6 

-181.5 

-181.6 

0.1 

15.5 

71.6 

-154.1 

-154.0 

-0.1  i 

-0Lfl«3 

1^5 

63.2 

-129.7 

-129.3 

-0.4  ■ 

>— X38 

l&O 

52.8 

-  99.3 

-  99.3 

-  76  0 

0.0 

15.6 

44.1 

-  74.8 

0.2 

Do 

25 

15.7 

00  2 

—227  0 

-227.0 
-201,3 

1 

A   A    1  > 

15.7 

82.6 

-201.1 

U.  U    \ 

0.9 

• 

15.8 

66.3 

-148. 3 

-14a  0 

-0  3  ' 

-aoM8 

16  8 

64.3 

-110.8 

-110.7 

-0.1 

1-2.54, 

16  8 

44.9 

-  82.6 

-  82.3 

-0.2 

16  8 

36  9 

-  65.9 

-  66.1 

0.2 

1 

Do 

85 

• 

13.9 
13.9 

68.3 
79.7 

-223.6 
-196  8 

-223.7 
-196.6 

0.1 
-0.2 

13.8 

72.3 

-172.3 

-172.1 

—0.2 

-0.0031 

13.8 

63.4 

-144.2 

-144.2 

0.0 

*»— 2.61 

13.8 

51.9 

-109.2 

-109.2 

ao 

13.8 

42.4 

-  80.9 

-  80.9 

0.0    , 
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Table  37. — Thermoelectric  potcer  of  alloys. 


Alloy. 

Vol. 
P.ct 

t 

T 

e 
» obMTTed. 

calculAled. 

Diff. 

a 

h 

c. 

C. 

mierovolt 

mierovoU. 

Silrer-eold 

60 

15.0 

87.1 

-202.3 

-202.6 

0.3 

15.0 

7&2 

—175. 4 

-175.2 

-a  2 

14.7 

14.7 

65.6 
55.3 

-18a  7 

-loao 

-138  5 

-loas 

-a  2 

—0.1 

-2.89 

-0.0041 

14.7 

44.4 

-  7a  2 

-  7a  3 

0.1 

14.6 

86L2 

-  50.1 

-  56.1 

0.0  1 

Do 

75 

14.1 
14.1 

86.1 
77.5 

-151. 5 
-135.1 

-154.4 
-133.5 

+2.9 
-1.6 

^ 

14.1 

6&0 

-111.  9 

-111.4 

-0.5 

-1.71 

-0.004S 

14.1 

63.3 

-  70.3 

-  7a  5 

-0.8 

14.1 

42.1 

-  55.8 

-  64.7 

-1.1  1 

14.0 

80.5 

-  30.7 

-  81.5 

0.8  1 

Do 

00 

17.3 
17.3 

01.0 
80.2 

-116.0 
-100.8 

-117.7 
-  99.2 

1.7  1 
-1.6  I 

17.3 
17.3 

•8.1 
57.0 

-  70.3 

-  61.2 

-  79.3 

-  61.0 

0.0  ' 
-0.2 

-1.41 

-0. 0017 

17.4 

45.7 

-  48.3 

-  43.1 

-0.2 

17.4 

84.6 

-  2aF6 

-  25.8 

0.2 

Gold 

100 

IS.  8 
15.4 

80.1 
80.7 

10.8 
17.0 

19.3 
17.2 

0.0 
-0.2 

15.5 
15.6 

70.0 
60  5 

14.8 
12.2 

14.7 
12.0 

0.1 
0.2 

►  -fO.275 

-0.00012 

15.6 

51.4 

9.0 

9.5' 

0.1 

15.7 

40.8 

6.5 

a6 

-0.1 

Tabls  38. — Thermo-tltciric  power  of  alloy $. 


Alloy. 

Vol. 
P.ct 

t 
C. 

T 

obterred. 

e 
calculated. 

Diff. 

a 

6 

c. 

mierofott. 

microvolt 

Silver-coDiMsr 

2 

14.6 
14.6 

83.7 
77.7 

0.3 
-1.2 

-0.6 
-0.6 

0.9 
-0.6 

14.6 
14.7 

6&2 
57.7 

-0.7 
-1.2 

-0.6 
-a  6 

-0.1  ^ 
-0.6  i 

> -0.023 

+0.0001 

14.7 

4&0 

-0.4 

-0.5 

0.1  ■' 

14.7 

38.8 

-0.2 

-0.4 

0.2  . 

* 

Do 

5.6 

13.7 

ia7 

80.5 
80.4 

1.6 
1.2 

1.0 
0.9 

a  6  ' 
as 

• 

las 
lao 

72.8 
62.8 

0.6 
-0.2 

0.9 

as 

-a  3 

-1.0 

+ao2i 

-a  0001* 

ia9 

52.2 

0.5 

0.6 

-ai 

18.9 

89.2 

0.8 

0.4 

a4 

4 

Do 

15 

14.8 
14.3 

84.8 
75.5 

279 

ao 
ao 

a4 
-a  4 

14.3 
14.4 

65.3 
56.5 

2.5 
2.0 

2.4 
2.0 

ai 
ao 

-fa  041 

+0.0001 

14.4 

4a  8 

1.4 

1.5 

-ai 

14.4 

85.5 

1.0 

0.9 

ai 

Do 

!      60 

1 

14.3 
14.8 

88.3 
72.9 

1L6 
9.0 

11.8 
9.1 

-a  2 
-ai 

1 

14.4 
14.4 

63.4 
63.8 

7.1 
6.6 

7.1 

a2 

ao 
as 

-|>a046 

44.ooia 

14.5 

43.9 

a7 

a6 

a2 

j  14.5 

88.5 

L9 

2.0 

-ai 

Do 

75 

ia2 
las 

8a9 
74.0 

a7 

6.8 

a2 

a? 

-a  5 
ai 

16.8 
16.3 

64.8 
62.4 

5.2 
4.1 

a2 
a4 

ao 
a7 

+0.020 

+aoou 

ia8 

41.7 

2.0 

2.1 

-ai 

• 

laa 

83.0 

1.0 

1.2 

-a  2 

(676) 
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ISON-CABBOBETS. 
Table  39. — Thtrmo-eltetric  power  of  altojfa. 


[molK 


Alloy. 

VoL 
P.ct. 

• 

t 

T 

0 

obterred. 

calenlAted. 

TNffl 

• 

» 

C. 

C. 

mierotoU. 

micro9olL 

Bilver-Eiuo,  with  Iftrger  aaoimt 

15.5 

87.0 

-  8.8 

-8.6 

-0.2 

' 

c»f  lino. 

15.5 

80.8 

~  8.0 

-  7.4 

— ao 

15.5 
15.5 

71.5 
60.5 

-  4.9 

-  4.3 

-  &0 

-  4.3 

+1.1 

ao 

• 

— aoM 

-a  Ml 

15.8 

49.1 

"  8.2 

-  2.8 

-a  4 

J 

lSu8 

35.8 

-  1.3 

-  1.4 

+«.i 

SHrer-Bine,   with    siiiAller 

15.7 

00.6 

^12.8 

-12.2 

— ae 

1 

amount  of  sino. 

15.7 

81. 0 

-ILl 

-ia7 

-a  4 

15.8 
15.8 

72.2 
58.8 

-  &2 

-  7.1 

-  9.4 

-  7.1 

-1.2 
0.0 

-a  176 

+«.M1 

15.8 

48.0 

-  5.7 

-  5.4 

-as 

15.9 

4a7 

-  4.1 

-  4.2 

ai 

i 

Specific  resistance. — ^The  following  table  contains  our  data  for  the  spe- 
cific resistance  of  the  same  alloys  to  which  the  foregoing  tables  (3£h39) 
refer.  The  first  two  colamns  need  no  explanation.  Column  third  con- 
tains the  resistance  in  ohms  per  meter  of  wire  at  the  temperature  in 
colnmn  fonrth.  Under  2p  the  diameter  and  nnder  g^  the  specific  resist- 
ance in  micro-ohms  at  the  temperature  t  is  given.  The  constant  a, 
finally,  whose  signification  is  apparent  from  «|=«  (l+ot),  enables  ns  to 
calcalate  «,  the  specific  resistance  at  zero  centigrade,  in  micro-ohms. 

It  is  to  be  remarked  that  all  the  measurements  were  originally  made 
in  Siemens'  units  (ohm =1.06  Siemens),  and  subsequently  reduced.  The 
temperature-coefficients  used,  or,  are  obtainisd  from  the  results  of  Matthi- 
essen,  0.  Vogt,  and  v.  Bose,^  by  calculating  with  the  aid  of  their  formalSf 
8,  for  IWP  and  (P,  and  then  finding  the  mean  coefficient  (a)  between 
these  limits.    This  is  obviously  permissible  in  our  caae. 

Table  40.— Eledriodl  retiaianee  ofaUags. 


Alloy  (Mft). 

Vol. 
P.ct. 

W  1  m 

t 

V 

om  _ 

« 

*■*« 
•S** 

Coinin6XXslsl  ■ilvor 

100 

100 

100 

2 

0 

10 

15 

5 

15 

25 

85 

50 

SO 

75 

90 

100 

2 

15 
50 
75 

ohm. 

0.2023 

0.1777 

0.1602 

0.2431 

1.0802 

a  8054 

2.4027 

0.3887 

0.7483 

a  9886 

1.1350 

1.2098 

1.2190 

a  9177 

0.2772 

0.1137 

0.2049 

a  1036 

0.2292 

0.2870 

a  2314 

0.1783 

0.2114 

C. 
15.2 
15.4 
15.0 
11.3 
15.2 
11.0 
15.2 
15.5 
16l6 
15.7 
15.1 
15.4 
15.2 
16.2 
11.2 
18.0 
15.0 
11.0 
16.8 

ia2 
ia7 

17.4 
]5i6 

0.0319 
0.0337 
0.0835 
a  0496 
0.0830 
0.0496 
0.0847 
0.0837 
a0837 
0.0389 
a0338 
0.0887 
a  0837 
0.0389 
0.0483 
0.0495 
a  0838 
a  0406 
0.0344 
a  0358 
0.0352 
a0600 

aosoo 

microhm 
1.619 
1.589 

4.67 
a  21 
15.53 
22.74 
3.463 
a686 
&906 
iai88 
10.700 
ia782 
&296 
5.283 
2.193 
L844 
1.990 
2.181 
2.883 
2.255, 
8.403 
4.151 

a00396 
aO0398 
a00396 

aooiao 
aoooT2 
aooo43 

a00033 

aoo25 
a  0012 
aooo6 
a  0007 
aooo7 
aoiio7 
aoooo 
a  0016 

a00895 
a0036 
a  0034 

aooaa 

a  0081 
(a  0020) 
(a  0015) 

Lsa 

Slectrolvtio  silver 

tm 

Do ....!!.::;:.;;::;...::::.:; 

i.m 

Silver- DlfttiDiiiii 

4.11 

no 

9.U 

Do 

ISlII 

Do 

211} 

Silver-2old 

3. 19 

Do 

1961 

Do 

&-;» 

Do 

11 «» 

Do 

UL50 

Do 

ULir 

Do 

fl.174 

Do 

&I8I 

Gold ; 

2CP 

Silver>coDDer 

L744 

Do 

IBM 

Do « 

Do 

1016 
1X71 

Do '. 

1I» 

Silver-si&o 

(1» 

Do 

(4.0D 

. 

•^Matthieasen  n.  v.  Booe:  Pogg.  Ann.,  Cm,  p.  412, 1858. 
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The  foIIowlDg  table  (41)  coDtaJDS  results  of  Matthiessen  and  others; 
a  and  b  here  are  Matlhiessen's  constants  for  his  relation  between  elec- 
trical conductivity  and  temperature.  By  means  of  these  X  and  A^  the 
electrical  conductivity  at  (P  and  100^,  respectively,  were  calculated. 
But,  according  to  Matthiessen,  X=100  for  hard  silver;  Assl.656  for 
mercury,  (0^).    Hence 

100    1.656 


«.= 


log  «i=2.19375— log  A,. 


A,     1.06 

From  these  values  of  $%  the  constant  a  was  then  obtained,  in  the  way 
already  given,  8t=8  [l+at). 

Table  ih^Specifio  re$i9tanee  of  allocs  ofnlver. 
[ReBolU  of  liatthieitm  (aiid  C.  Vogt).] 


HetaL 


8UT«r 

Do 

SUTer-platinnm 

Do. 

Do 

Silver-gold 

Do. 

Do 

Do 

Do 

Do 

Gold 

Do 

Silver-copper... 

Do 

Do 

Do 

Do 

Do 

Copper 


Hard 

VoL 
Perct 

AfttOO 

or 
•oft 

Ag(h) 
slOO 

• 

h 

100 

100 

a88287 

a 

100 

10&74 

0. 4]fi70 

h 

2.U 

8L640 

a08»868 

h 

&06 

1&081 

a  018949 

h 

18.86 

&606 

a00S214 

h 

19.86 

21.684 

0.019185 

h 

82.06 

16.030 

0.010120 

h 

78.80 

21.386 

0.038212 

a 

19.86 

21.746 

0.019753 

a 

62.08 

15.060 

0.010864 

■ 

70.86 

21.584 

a  034589 

h 

100 

77.964 

0.28648 

■ 

100 

70.827 

0. 29149 

h 

1.63 

79.708 

a82868 

h 

8.25 

80.284 

0. 22101 

h 

46.67 

74.940 

a  21011 

h 

77.64 

60L811 

0.21104 

h 

95.17 

82.300 

0.26758 

h 

98.35 

89l644 

0.80886 

h 

100^ 

99  947 

0.88681 

a 

100 

102.213 

0.39557 

a0000648 

0.0010624 

0. 00003642 

a  00001181 

0.00000189 

0. 00001152 

0.00000370 

0.00001604 

0.00001396 

0.00000746 

0.00002506 

0.0006582 

0.0006697 

0.0006965 

0.0003503 

0.0003061 

0.0004240 

0.0006717 

0.0007155 

0.0009004 

0.0009206 


Vat 

lOOO  Ac 

(ll)slOO 


71.561 
77.794 
28L068 
16.754 
&480 
19.881 
14.056 
18.183 
10.010 
14.068 
10.881 
65.808 
66l875 
68.806 
61.686 
67.890 
52.857 
61.260 
65.813 
7a  270 
7L864 


,«ni  oo 

<^"lOOO 

em* 

em* 

fnictohtn. 

MiCrOAIfl. 

1.5628 

2.1831 

1.4367 

2.0062 

4.088 

6.666 

8.064 

0.326 

28.881 

24.075 

7.205 

7.858 

ia304 

1L116 

7.822 

&144 

7.184 

7.847 

IU.360 

11.105 

7.238 

8.061 

2.0088 

2.7048 

1.9604 

17468 

1.060 

2.80ft 

1.046 

2.533 

8.086 

X600 

2.288 

2.056 

L806 

2.550 

1745 

2.374 

L5681 

2.2232 

L5297 

2.1730 

0O....100O 


0.008074 
0.003078 
0. 001272 
0.000763 
0.000810 
0.000906 
0.000694 
0. 001123 
O.00O03B 
0.000719 
0. 001187 
0.003947 
a  003947 
0.004616 
0. 003017 
0.002046 
0.003208 
0.003442 
0.003606 
0.004223 
a  004211 


Digest.   Diagram, — ^For  the  sake  of  perspicuity,  the  final  resnltc 
tabulated  again  as  follows. 

Table  42. — C&rre$pond%ng  value$  of  the  galvanic  and  themuheleeMc  oon»tanU, 


Alloy. 


Silver-platinnm 

Commeroial-pUUnam 
Bilver-eopper 


Volvme 
Percent. 


exar 


0 

2 

5 

10 

15 

100 

0 

2 

6.6 

15 

50 

75 

100 


mierohm. 

L40 

4.60 

0.11 

15.46 

22.63 

•(467) 

13.44 

L40 

1.74 

1.02 

2.02 

2.27 

2.14 

1.58 


(?(5?=i)) 


(r+o=« 


0.00 
—3.86 
—5.72 
—6.77 
—7.00 
(0.33) 

0.000 
—0.023 
0.021 
0.041 
0.045 
0.020 
(-0.114) 


*  AppUea  for  chemically  pare  metala.     These  valoee  la  parentheses  are  approximate,  and  are  not 
immeoiately  derived  from  observations. 
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Tablk  42. — Corresponding  valuea  of  the  Ihemuhelectric  and  galvanic  con« /an f4— Cont'd. 


AUoy. 


SUver-gold 


SIIver>2Jno 


Yolamo. 
Per  cent. 


0 

5 

15 

25 
35 
50 
75 
90 
100 
0 

< 
> 

100 


cm' 


\d(r— <))(r+i)=i 


fnierohm. 
1.49 
3.33 

&79 

10.08 

10.63 

a  17 

5.19 

2.04 

1.49 

(3.28> 

(4.06) 

&38 


— L77 
— •» 

-id 

— L71 
—1.41 

am 
—a.  IT* 


The  resalts  coDtaiued  in  the  last  table  (42)  are  given  graphically  Id 
figure  13,  specific  resistance  being  represented  as  abscissa,  thermo-elec- 


Fia.  13.«iSpeoiflc  reelstance  nod  thermo-electrio  oonstant:  steel,  ailrer^gold,  silTer-pIatinam,  sllT'«r- 

sine. 

trie  constant  as  ordinate.    In  order  to  facilitate  comparison  the  linear 
relation  which  holds  for  steel  (see  chapter  11,  page  63)  is  also  drawn, 

(678) 
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and  the  interval  of  variation^^  of  the  constants  in  question  indicated  by 
two  small  circles  near  tlie  ends  of  the  line.  All  the  constants  are  given 
in  microhms  and  mici*o- volts,  respectively,  and  the  thermo-electric  posi- 
tion is  referred  to  silver. 

Discussion. — A  mere  glance  at  the  curves  tells  us  that  the  relations 
under  consideration  are  by  no  means  of  a  simple  character.  Both  prop- 
erties as  exemplified  by  the  thermo-electric  constant  and  specific  resist- 
ance! P^^s  through  maxima  or  minima,  in  such  a  way,  however,  that  the 
said  singular  points  do  not  coincide — t.  e.,  are  not  properties  of  one  and 
the  same  wire  as  regards  composition.  Equally  difficult  is  it  to  observe 
any  perspicuous  law  for  the  direction  of  the  line  joining  the  extreme 
points  (those  corresponding  to  pure  metals)  of  the  curves.  The  very 
simple  relations  which  obtain  in  case  of  steel  would  apparently  lead  to 
the  anticipation  of  some  result  of  this  kind. 

The  given  curves,  however,  apply  only  for  fixed  conditions  of  tem- 
perature; the  galvanic  constant  s  only  for  the  temperature  f=0;  the 
thermo-electric  constant  a  for  the  mean  temperature  ^(T+f)=0.  But 
the  temperature-coefficient,  both  for  thermo-electric  power'^  as  well  as 
for  specific  resistance,  varies  in  a  marked  degree  as  we  pass  from  alloy  to 
alloy.  Hence  it  follows  that  for  each  temperature  there  exists  a  set  of 
curves  of  the  kind  in  question,  characteristic  of  the  said  temperature. 
ChaAge  of  temperature,  therefore,  involves  a  change  in  the  curves  both 
in  figure  and  in  position.  It  follows  herefrom  that  a  certain  temperature 
roust  exist  for  which  the  figure  of  the  curves  is  the  simplest  possible; 
our  knowledge  of  the  effects  of  temperature  is,  however,  as  yet  insuffi- 
ciently accurate  to  enable  us  to  adduce  further  inferences.  It  is  to  be 
noticed  that,  at  least  as  far  as  the  above  experimental  matter  is  con- 
cerned, the  magnitude  of  the  given  curves — t.  e.,  the  range  of  variation 
of  the  involved  electrical  constants — is  qualitatively  in  the  order  of  the 
differences  of  the  specific  volumes  of  the  metallic  components  of  the 
respective  alloys.  The  very  large  loop,  obtained  in  the  experiments 
with  silver-platinum  alloys,  corresponds  to  the  marked  increase  of 
hardness  which  these  materials  experience  with  increasing  additions  of 
platinum  to  silver.  On  the  other  hand,  in  the  case  of  silver-gold  and 
silver-copper  alloys,  a  very  great  difference  in  the  extent  of  the  loop  is 
apparent,  unaccompanied  by  corresponding  differences  in  the  degrees  of 
hardness^  of  the  respective  alloys.  That  the  bulge  in  the  different 
curves  must  be  wholly  to  the  right  of  the  lines  joining  the  extreme 

^^  In  later  researches  the  superior  limit  was  found  to  be  even  above  50. 
^In  reference  to  thermo  electric  power  we  consider  the  quantity  2b  in  the  equation 
e^^ar-^hrd  as  a  kind  of  temperature  coefficient,  since  the  thenno-electromotive  force 

e  for  a  given  difference  r,  of  temperature,  increases  linearly  with  - ,  the  mean  teni- 

perature  of  the  Junctions. 

^  We  shall  find  below  that  hardness  may  also  eicisUin  iron-carburets  without  a  marked 
electrical  equivalent. 
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points  is  known.  Finally  it  may  be  called  to  mind  that  the  direction  of 
the  initial  tangent  at  the  point  ^^  silTer "  (  ^  )         throughout  the  above 

results  is  n^gative.^  The  thermoelectric  effect  of  the  addition  of  small 
amounts  of  other  metals  to  silver  would  therefore  appear  to  be  a  pro- 
gression in  a  thermo-electrically  negative  direction.''  The  nnmbcar  of 
alloys  here  examined  is  too  small  to  permit  us  to  attach  much  sigoifi* 
cance  to  this  fact.  Nevertheless  it  follows  that  the  thermo-electric  rela- 
tion of  any  given  metal  to  another  does  not,  so  far  as  can  now  be  seen, 
enable  us  to  predict  the  effect  produced  when  the  first  metal  is  alloyed 
to  the  second.  Gold  and  platinum,  for  instance,  are  hoth  i>ositive  as 
regards  silver;  the  initial  alloys  silver-gold,  silver-platinamy  however, 
are  negative  as  regards  silver. 


THE    GENERAL    PHENOMENON    OF    TEMPER    REGARDED    FROM   THE 
CHEMICAL  AND   FROM   THE  MECHANICAL   STANDPOINT. 

Inferences  from  the  behavior  of  allays. — ^We  now  desire  to  consider  the 
bearing  of  the  above  results  on  the  electrical  properties  of  steel.  From 
the  standpoint  of  the  chemical  theory  of  tempering,  it  is  permissible  to 
regard  the  linear  locus,  thermo-electric  power  varying  with  resistance, 
as  the  initial  tangent  of  a  loop  of  comparatively  enormous  magnitude. 
(See  figure  13.)  The  increment  of  resistance  with  increasing  hardness, 
or,  in  other  words,  with  an  increase  of  the  ratio  of  combined  to  uncom- 
bined  carbon,  is  to  be  considered  analogous  to  the  increase  of  resistance 
encountered  on  alloying  small  amounts  of  any  metal  to  any  given  other 
metaL  The  linear  relation  can  hardly  be  regarded  striking,  since  in  the 
case  of  steel  the  maximum  amount  of  available  carbon  does  not  exceed 
one  to  two  per  cent.  Finally,  the  magnitude  of  the  variation  or  the  extent 
of  the  loop  might  again  have  been  anticipated,  from  the  fact  that  here  a 
metalloid  is  alloyed  to  a  metal.  The  question,  therefore,  at  once  suggests 
itself,  in  how  far  these  results  are  corroborated  by  the  electrical  behavior 
of  cast-iron.  In  another  paper  we  will  show  tha\;  the  specific  resistance 
of  cast-iron,  when  in  a  condition  corresponding  to  that  of  hard  steel, 
i.  i.y  when  by  means  of  sudden  .cooling  as  much  carbon  has  been  coo- 
verted  into  the  combined  form  as  possible,  may  be  increased  to  100^^0° 

cwr 

microhm.    That  is,  the  si>ecific  resistance  of  chilled  cast-iron  is  nearly  as 

^The  isolated  Dogative  value  for  the  two  per  cent,  copper  alloy  might  be  regarded 
Busplcionsly  in  consequence  of  the  difficulties  encountered  in  endeavoring  to  obtain 
these  alloys  free  of  oxygen.    But  its  specific  resistance  shows  no  anomalous  behavior. 

"1  Thermo-electrically  negative  ii^  Seebeck's  sense.  Cf .  Wiedemann,  Galvanismnsy 
3  ed.,  p.  248,  1883. 
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large  as  that  of  mercarj'.    Suppose,  now,  we  compare  the  variatiou  of 

specific  resistauce  (superior  limit  s =50^?^(P  microhm  )  in  the  case  of 

\  cm*  y 

steely  where  the  amount  of  combined  carbon  cannot  exceed  1  to  2  per  cent., 
with  the  corresponding  variation  of  specific  resistance  ^superior  limit 

100— ,0^  microhm  )  in  the  case  of  cast-iron,  where  the  combined  car- 
cm*  J 

boQ  can  be  increased  as  high  as  5  per  cent.;  then  it  apparently  follows 
at  once  that  the  electrical  behavior  of  cast-iron  is  such  as  we  would  be 
justified  in  predicting  from  the  known  relations  in  case  of  steel,  if  we 
accept  the  chemical  hypothesis  of  tempering.^'  Hence  neither  the  sim- 
ple relation  of  thermo-electric  power  and  specific  resistance  discovered 
for  steel,  nor  the  phenomenal  variation  of  these  constants  with  the  state 
of  hardness  of  this  material,  are  further  to  be  looked  upon  as  remarka- 
ble.   We  will  return  to  this  subject  again,  below. 

It  follows  from  what  has  been  said,  that  our  hope  of  being  able  to 
throw  additional  light  on  the  nature  of  the  phenomenon  of  temper  in 
case  of  steel  from  a  detailed  study  of  the  analogous  electrical  behavior 
of  alloys  was  not  realized.  For  although  on  the  one  hand  the  new  data 
furnish  no  results  antagonistic  to  the  chemical  theory,  on  the  other  they 
leave  us  without  satisfactx)ry  or  additional  reasons  for  accepting  the 
same.  Under  these  circnmstauces  it  is  necessary  to  contrast  the  theories 
which  may  be  advanced  for  the  explanation  of  temper  with  full  regard 
to  all  known*  facts.  This  we  will  endeavor  to  do  in  the  following,  par- 
ticularly so  as  the  discussion  will  show  where  good  work  has  been  done 
done  and  where  crucial  data  are  still  lacking.^^ 

Electrical  resistance  a  volume /unction, — ^The  discussion  may  be  appro- 
priately commenced  with  the  examination  of  certain  mechanical  phe- 
nomena which  accompany  hardness  in  steel.  It  is  known  that  the  effect 
of  tempering  to  glass-hardness  is  an  increase  both  of  the  specific  resist- 
ance and  the  specific  volume  of  steel.  This,  however,  is  analogous  to 
the  elieftt  of  temperature  in  the  case  of  metals  generally.  The  question 
is  therefore  at  once  suggested,  in  how  far  a  given  increment  of  volume 
in  the  case  (if  steel,  whether  produced  by  temperature  or  by  tempering 

will  be  accx)mpanied  by  the  same  increment  of  specific  resistance.    We 

- ■   -  ■   -  -■ — 

^Cf.y  howeyer,  p.  186. 

"  In  this  place  it  wiU  be  well  to  refer  to  certain  memoii%  which  have  a  definite  bear- 
ing on  the  subject-matter  in  hand.  In  addition  to  Karaten,  Hausmann  (Molecnlarbe- 
weguugen,  1856,  p.  48),  Tnnner  (Leob.  Jabrbncb,  x,  p.  480, 1861),  JuUten  (Ballet  de 
la  Soc.de  Tindustrie  min^rale,  I,  p.  566;  II,  p.  202,  644),  Hezncr  (Berg-  u.  Hiittenm. 
Ztg.,  1862,  p.  140),  Deville  (Diogler's  Journal,  clxviii,  p.  174),  Caion  '(ibid.,  p.  36) 
have  developed  theories  on  the  causes  of  hardness  in  steel.  For  a  discussion  the 
reader  is  referred  to  KerVs  Metallurgy,  1R70,  Vol.  Ill,  pp.  25-7,  translated  by  Crookes 
and  Bohrig.  It  is  not  oar  object  to  enter  into  a  critical  examination  and  comparison 
of  these,  as  we  propose  simply  to  consider  the  inferences  which  may  be  drawn  from 
the  electrical  behavior  of  iron-carbtirets. 
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were  fortunate  iu  finding  a  sufficient  number  of  data  in  tlie  literatme 
of  steel  to  enable  us  to  make  a  preliminary  calcalation  or  estimate. 

Let  V2  and  Vi  denote  the  specific  volume  of  steel  in  the  glass- hard  and  soft 
states  respectively.  Then  the  results  of  Fromme**  with  steel  rods  whose 
diameters  (0.27  centimeter  and  less)  are  nearest  those  of  our  own  (0.10 
centimeter  and  less)  may  be  thus  expressed:® 


1013    r,    1012 
1000 -^rr  1000 


(1) 


Suppose  we  put  r2=t?  (1+3/?^),  where  /?=12: 10^,  uieaning  thereby  that 

the  volume-increment  v^^v  is  due  to  an  increase  of  temperature  t    Theu 

we  find 

3C0o>e>330o (2) 

Since  fi  will  probably  increase  with  temperature,  this  inequality  might 
approximately  be  expressed  ^=300^. 

Experiments  on  the  resistance  effect  of  high  temperatures  were  orig- 
inally made  by  Miiller."  By  the  aid  of  his  data  for  the  resistance  of 
iron  at  21°,  285o, " oxide-tints  appear"  (300© to  350O),  we  deduce,  if  t*  aod 
i  be  the  specific  resistances  of  steel  at  300^  and  0<^,  respectively, 

(3) 


3.6>->2.5 

8 


where  the  superior  limit  is  possibly  too  small.    The  more  recent  results 
of  Benoit,^  however,  furnish  us  more  accurate  values.     Let  ~  refer  to 

an  interval  of  temperature  between  00—330^  and  Oo— 360°.    Then 
Benoit's  special  formulae  and  constants  for  steel  give  us  the  relation  : 


3.7>t>3.4 
s 


(4) 


If,  finally,  s'  and  8  denote  the  specific  resistance  of  good  steel  in  the 
glass-hard  and  soft  states,  respectively,  then  our  results  have  shown** 

(5) 


3.0>?->2.5 

8 


If  we  compare  the  estimates  expressed  in  the  inequalities  (3),  (4),  (5), 
it  becomes  at  once  apparent  that  the  results  of  Fromme,  together  with 
those  of  Miiller  and  Benoit,  are  more  than  sufficient  for  the  explanation 
of  the  enormous  increase  of  resistance  which  a  steel  rod  tempered  to 
glass-hardness,  experiences.  It  follows  that  in  the  case  of  steel,  a 
given  increment  of  specific  volume,  whether  produced  by  temperature 

«* Fromme:  Wied.  Ann.,  VIII,  p.  354,  1870. 

^  These  inequalities  aro  not  general  in  their  si^ification.  Their  parpose  is  metely 
that  of  expressing  the  extent  of  the  interval  within  which  the  cited  data  were  obserred 
to  lie. 

MMtiller:  Pogg.  Ann.,  CIII,  p.  176,  1858.  It  is  hardly  necessary  to  distingaiBh  be- 
tween  iron  and  steel  here. 

e^Beuoit:  Comptes  reud.,  LXXVI,  p.  342,  1873;  of.  CarVs  Rep.,  IX,  pp.  55-9,  1873. 

^  The  predominant  influence  of  carbon  on  the  ratio  ->  will  be  referred  to  elsewhere. 
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or  by  tempering,  is  accompanied  by  increments  of  specific  resistance  of 
the  same  order.  Of  coarse,  a  result  of  this  kind,  since  the  rod  remains 
homogeneous  throughout  in  one  case  and  is  subjected  to  extremely  cqui- 
plicated  structural  modification  in  the  other,  cannot  be  rigidly  true. 
Neyertheless,  the  approximate  data  are  of  the  greatest  importance, 
because  they  demonstrate  conclusively  that  the  effects  of  the  operation 
of  tempering,  even  if  regarded  as  of  a  purely  mechanical  character, 
must  be  attended  by  electrical  phenomena  of  the  same  order  as  those 
which  are  actually  observed. 

(2)  There  is  another  question  intimately  connected  with  the  one  just 
discussed,  viz,  whether  a  given  decrement  of  volume,^  produced  either 
by  pressure  alone  or  by  temperature  alone,  is  always  attended  by  the 
same  diminution  of  resistance  for  the  same  substance  (metal);  or 
whether  it  is  necessary  to  postulate  the  existence  of  a  purely  thermal 
influence  in  the  second  case.  Chwolson,'^  who  has  subjected  wires  of 
copper,  brass,  and  lead  to  pressure,  infers  that  the  resistance  and  the 
specific  volume  of  these  substances  vary  in  like  ratio. 

In  Ghwolson's  experiments  the  effects  due  to  pressure  are  so  nearly 
commensurate  with  the  errors  possibly  introduced  by  temperature  that 
we  are  justified  in  approaching  his  results  with  some  diflldence.  Marked 
compression  is  not  readily  attainable  by  piezometric  methods.  With 
steel,  however,  the  result,  which  more  than  verities  Ghwolson's  infer- 
ence on  the  resistance-effect  of  volume-reduction,  may  be  thus  illus- 
trated. 

Let  «i=«o  (l+at).  Specific  resistance  (St)  is  here  regarded  as  a  tem- 
perature {t)  function.  Then,  if  t  be  supposed  to  decrease  indefinitely, 
the  equation  «f=0  would  be  satisfied  at  about 

t=-.250o (C) 

provided,  of  course,  the  given  relation  holds.'^^ 

On  the  other  hand,  let 

•»="0+*^) (^j 

where  the  specific  resistances  Sf  and  «i  correspond,  respectively,  to  the 
volumes  v^  and  v^  and  ^  is  a  constant  Specific  resistance  is  here  re- 
garded as  a  volume-function. 

''In  the  ease  of  mercury ,  for  instance.  The  resnlts  for  solids  woald  be  distorted  by 
the  loss  of  stnictaral  homogeneity  of  the  compressed  solid  resnlting  from  external 
pressure.  Large  increment  of  volume  is  probably  only  obtainable  by  tempering  steel, 
and  to  this  enlargement  of  mean  specific  volume  the  remarks  already  made  apply. 

foChwolson,  Carl's  Rep.,  XIV,  26,  27,  1878. 

v^  The  temperature  coefficient  here  accepted  is  the  one  found  for  soft  steel  in  chapter 
I,  p.  19,  viz,  a =0.004. 
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In  order  to  estimate  the  valne  of  ilr,  we  made  a  fev  prelimioary  e 
periraents,  tbe  reealts  of  whicli  are  contained  in  this  table: " 


No,    ■   Twnper. 

DbnodMr. 

LmgOi. 

fipMllla 
gr»rttj. 

s^ 

SmcUIo 

Spedfto 

I 

1     Bolt 

■■■'^Z 

10.11 

■tw>. 

T.flOTI 

Looog 

LOI0» 

lioiio 

III 

*L0 

}w 

S     Soft 

10.  M 

}"• 

It  will  be  observed  that,  in  the  calculation  of  i,  both  - 


-'  and 


<.-«i 


were  taken  at  20°,  because  we  as  yet  possess  no  data  for  the  reduction 
of  tlio  former  ratio  to  zero.  Equation  (7)  implies,  of  vonrse,  that  tlie 
same  temperature  (desirably  0^  C.)  occurs  thronghont. 

Suppose,  now,  that  by  any  medianical  means  whatever  the  volume  of 
steel  has  beeu'isothermally  so  far  decreased  that  in  eqaation  (7),  ■,=(!. 
Then 

-i-=^ (») 

Such  a  volume  decrement,  if  the  result  of  diminution  of  temppjH- 
ture,  would  correspond  to  a  cooling  of  steel  as  far  as  [v,=ro  (l+SySf)]- 


3/Sf 


i.  «.,  if  the  Tolnme  decrements  in  (8)  and  (0)  be  identical, 
(=-5^    j^-  = -190°  (nearly)    .     .     ". 


(10) 


From  a  comparisoa  of  eqaations  (6)  and  (10),  we  tbenfore  again  infer 
that  variation  of  resistance  is  a  necessary  coucomttaat  of  variation  of 
volume.  No  matter  how  the  latter  may  have  been  produced,  whether 
by  temperature  or  by  tempering,  the  increments  of  resistance  due  to  a 
given  increment  of  volume  are  of  the  same  order.  It  is  probable  that 
this  relation  will  apply  to  the  resistance  of  non-electrolyzed  solids  gen- 
erally. The  results  for  steel  are  as  nearly  coincident  as  the  excessively 
large  sources  of  errors  unavoidably  encountered  permit  as  to  antici- 
pate. In  addition  to  those  already  enumerated,  we  need  only  mention 
that  Fromme  worked  with  a  different  kind  of  steel  &om  that  used  rn 
oar  researches;  that  neither  the  coeflQcient  of  heat-expansion  nor  the 
galvanic  temperature  coefficient  applies  accurately  for  the  large  inter- 
vals of  temperature  met  with,  &c.  A  special  error  is  introduced  in 
consequence  of  the  difficulty  encountered  in  endeavori&K  to  define 
values  for  the  soft  state. 

"Bodsnot  thoronghir  bomogeoeous,  t«inp«red  after  heating  Id  a  blaBt-flune. 
(68<) 
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(3)  The  results  of  Fromme^  and  Ohwolson  finally  contain  a  remarkable 
analogy,  to  which  attention  has  not  yet  been  given.  If  the  hardness  of 
a  glass-hard  steel  rod  be  supposed  to  decrease  continuously,  then  the 
specific  volume  will  be  found  to  pass  through  a  minimum,  as  Fromme 
has  emphasized,  at  a  state  of  hardness  corresponding  to  the  annealing 
tint,  "gray"  (annealed  at  SCKP-MOO).  Ohwolson  experimented  on  a 
very  large  number  of  metals  and  alloys.  He  found  that  the  electrical 
eftiBct  of  "drawn"  hardness  as  well  as  the  hardness  due  to  sudden  chill- 
ing vanishes  on  exposure  of  the  hard  wire  to  high  temperature,  in  such 
a  way  that  after  the  first  gentle  ignition  at  low  red  heat  the  specific  re- 
sistance of  all  metals  passes  through  a  minimum.''^  Unfortunately 
Fromme  has  not  interpolated  a  temperature  which  would  produce  an 
effect  between  "gray  annealed"  and  "  soft."  Nevertheless  it  is  dilBcult 
to  avoid  the  conclusion  that  in  all  these  examples  of  minima  we  encoun- 
ter phenomena  essentially  of  the  same  kind.  Ohwolson  remarks  that  in 
case  of  steel  his  results  were  singularly  striking.  It  would  appear, 
tlierefore,  that  the  mechanical  eflTect  (electrically  measured)  of  sudden 
cooling  is  the  same  for  almost  nil  metals ;  that  the  magnitude  of  this 
effect  differs  from  metal  to  metal,  and  is  enormously  pronounced  in  steel. 
This  is  the  firc^t  evidence  adduced  that  the  given  operation,  tempering, 
produces  qualitatively  like  effects  on  metals  generally,  the  difference 
being  in  degree  on]y.^ 

(4)  In  view  of  the  increasing  importance  of  density  or  of  the  values  of 
specific  volume  in  all  these  instances,  the  fkct  that  in  the  above  experi- 
ments with, alloys  the  ranges  of  variation  were  found  to  be  in  the  order 
of  the  differences  of  specific  volume  of  the  metals  composing  the  alloy 
may  again  be  called  to  mind.  In  case  of  steel  the  intimate  relationship 
between  specific  resistance  and  thermo-electric  power,  described  else- 
where, suggests  that  the  cause  of  the  increase  of  volume  consequent 
upon  sudden  cooling  is  of  a  purely  mechanical  character,  t.  e.,  that  it  is 
not  the  direct  result  of  the  change  of  chemical  condition  of  steel  which 
tempering  probably  produces. 

"iVatrn"  hardness. — Matthiessen^  found  that  a  hard-drawn  wire  of 
silver  could  be  vejy  perceptibly  annealed  (conductively  decreased)  by 
continued  boiling  in  water.    We  obtained  a  good  corroboration  of  this 

^Frommey  1.  o. 

^^Leftd  and  German  sUver  are  exceptions. 

^It  must  be  borne  in  mind  that  this  remark  refers  to  the  electrical  indication  of  the 
(mechanical)  effect  of  tempering.  It  is  well  known  that  while  sndden  chiUing  hardens 
steel,  it  is  said  aotnaUy  to  soften  some  of  the  other  metals.  It  is,  howerer^  exceed- 
ingly difficult  to  distinguish  between  the  degrees  of  hardness  of  brass  or  copper  sad* 
denly  chilled  or  slowly  cooled  from  red  heat,  by  ordinary  mechanical  means ;  and,  more- 
over, sndden  cooling  may  be  accompanied  by  porely  chemical  effect  in  aUoys  and 
(not  chemically  pure)  metals  as  it  is  in  case  of  steel. 

^Matthiessen,  nnd  v.,  Bose:  Pogg.  Ann.,  CXV,  p.  363,  366,  370,  etc.,  1662. 
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result  with  drawn  German-silver  wire,*"  in  which,  after  an  exx>06nreto 
steam  at  10(P  of  only  an  hour,  a  change  of  resistance  of  about  0^  per 
cent,  was  perceptible.  It  follows,  therefore,  that  not  only  tempered  bat 
drawn  wires  may  be  annealed  to  a  very  marked  degree  at  comparatively 

low  temi>eratnre. 

Inferences  from  the  behavior  of  iron-oarlmrets. — (1)  In  chapter  I  we  saw 
that  the  temperature-coefficient  of  cast-iron  is  in  good  accordance  with 
the  coefficients  of  wrought  iron  and  of  steel  in  different  states  of  tem- 
per, so  that  in  this  respect  all  the  iron-carburets  fornoi  a  single  connected 
series. 

(2)  This  is  by  no  means  the  case  if  we  compare  the  relative  gal- 
vanic and  thermo-electric  behavior  of  these  products.  From  an  inspec- 
tion of  figure  13  it  is  at  once  obvious  that  the  position  of  cast-iron  is 
isolated  relatively  to  the  linear  locus  which  obtains  for  steel.  This  ob- 
servation shows  coDclusively  that  in  the  case  of  steel  the  canse  of  tJie 
electrical  variation  in  qnestion  must  be  essentially  different  from  that 
which  determines  the  position  of  cast-iron.  Below  it  is  shown  to  be 
necessary  to  explain  the  distinctive  electrical  qualities  of  cast-iron  as 
effects  of  chemical  composition.  Hence  we  infer  with  some  assurance 
that  the  electrical  behavior  of  steel  on  passing  ftom  one  state  of  tem- 
per to  another,  since  the  succession  of  values  in  no  way  suggests  the 
electrical  qualities  of  cast-iron,  is  conditioned  by  the  cotemporaneons 
and  purely  mechanical  changes  whicl^  steel  undergoes. 

Phenomena  of  annealing  chemically  interpreted. — On  endeavoring  to  nse 
the  chemical  hypothesis  of  tempering  to  account  for  the  phenomena  of 
annealing,^  we  at  once  encounter  serious  difficulties.  On  the  basis  of 
this  theory  there  must  exist  a  fixed  ratio  of  combined  to  nncombined 
carbon  for  each  temperature  of  the  annealing  bath.  Moreover,  far 
a  given  temperature  this  ratio  must  be  approached  gradually  (asymp- 
totically) as  time  of  exposure  is  prolonged  indefinitely;  for  different 
temperatures  it  must  decrease  as  temperature  increases  indefinitely, 
until  finally  a  minimum  value  wholly  independent  of  temperature  is 
asymptotically  reached."^  The  minimum  of  the  ratio  of  combined  to 
nncombined  carbon  need  not,  of  course,  be  zero.  The  last  phase  of  this 
species  of  decomposition  is  in  many  respects  similar  to  the  phenomena 
of  dissociation.  The  resemblance  can,  however,  only  be  apparent,  since 
continuous  dissociation  has  not  been  observed  except  In  the  case  of 
gases.    At  least,  in  our  knowledge,  there  are  no  chemical  examples  in 

"The  rcsnlts  are  these:  Before  boiling:  12o.4,  r=6.8522;  12o.5,  r=fi.8aS3;  12c>.6, 
r=6.8524.  During  boiling:  99o.8,  r=7.0ie7,  r=7.0182,  r=7.0204;  renstance  (r)  mew- 
nred  successively.    After  boiling:  13o.5,  r=6.8691 ;  13o.6,  r=6.8e94;  13o.7  r=3a8fl96. 

7«Strouh&l  nnd  Barus:  Wied.  Ann.,  XI,  p.  962, 1880. 

^In  these  cases  of  annealing  slow  cooling  of  the  annealed  rod  after  exposure  to  the 
annealing  temperature  is  always  presupposed.  It  is  thus  that  annealing  at  red  best 
is  synonymous  with  softening  ( *  *  Ausglilhen  ").  This  operation  does  not,  however,  con- 
vert all  the  carbon  in  steel  to  the  nncombined  form,  in  which  case  the  said  ratio  would 
be  zero. 
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which  solids  are  foand  to  dissociate  iu  accordauce  with  the  laws  to  which 
gases,  in  virtue  of  their  physical  state,  must  conform ;  and  for  this  reason 
the  explanation  of  the  phenomena  of  annealing  given  by  the  chemical 
theory  is  remote  and  forced,  and  to  be  discarded.  We  gain  no  more  by 
adopting  Matthiessen's  hypothesis,  which  considers  all  iron-carburets 
as  solidified,  more  or  less  thorough  solutions  of  carbon  in  iron. 

Annealing  physically  interpreted. — It  is  not  difficult,  however,  to  find 
for  the  phenomena  of  annealing  a  satisfactory  explanation  of  a  purely 
mechanical  character.  We  proceed  in  a  manner  analogous  to  the  way 
in  which,  in  the  case  of  soft  rods  of  the  same  dimensions,  what  is  known 
as  coercive  force"^  in  magnetism  is  sometimes  defined.  To  this  analogy 
we  will  recur  again. 

•  (1)  It  will  be  permissible  in  this  place  to  introduce  a  definition  of  vis- 
cosity which  is  conveniently  adapted  to  our  present  purposes.  We  will 
suppose  the  viscosity  of  steel  to  be  measured  by  the  maximum  of  strain 
of  a  given  kind  (in  the  present  research  the  strain  accompanying  hard- 
ness) which  a  steel  rod  of  given  dimensions,  after  previous  condition  of 
supersaturation,  of  itself,  permanently  retains.  The  process  of  temper- 
ing to  glass-hardness,  therefore,  is  essentially  one  by  which  energy  is 
stored  up,  whereas  during  the  operation  of  annealing  the  stored  energy 
is  again  more  or  less  gradually  expended;  and  the  maximum  energy 
permanently  potentialized,  under  given  circumstances  of  temperature 
(the  same  rod  always  presupposed),  increases  directly  with  the  maximum 
intensity  of  permanent  strain  under  the  same  circumstances.  Practi- 
cally, however,  we  possess  no  means  for  the  absolute  evaluation  of  either 
of  these  quantities.  But  in  so  far  as  both  thermo-electric  hardness  and 
specific  resistance  (the  rod  being  in  the  state  of  the  maximum  of  perma- 
nent hardness  as  regards  the  given  temperature)  vary  directly  with 
strain  and  stored  energy,  we  may  accept  either  of  the  former  quantities 
as  furnishing  a  good  general  estimate  of  the  magnitude  of  the  latter. 
In  the  case  of  one  and  the  same  steel  wire  viscosity  is  an  inverse  func- 
tion of  temi)eratnre  and  of  temperature  only.  In  the  case  of  wires  which 
differ  quantitatively  though  not  qualitatively  as  regards  carburation, 
and  are  otherwise  identical,  .viscosity  is  a  function  both  of  temperature 
and  carburation  (carburation  <  2  per  cent.),  decreasing  with  the  former 
and  increasing  with  the  latter  magnitude. 

(2)  The  difference  between  the  phenomena  of  annealing  and  the  phe- 
nomena of  viscosity,  as  ordinarily  studied  and  observed,  is  succinctly 
tills,  that  in  the  latter  case  stress  or  a  single  force  is  applied  from  with- 
out to  produce  the  gradual  and  permanent  deformation  through  infinite 
time;  iu  the  former,  however,  stress  exists  in  the  rod  itself  (strain  of 
hardness),  but  can  be  made  to  disappear  in  the  asymptotic  way  charac- 
teristic of  these  phenomena  by  decreasing  the  viscosity  of  the  rod  as  a 
whole;  i.  e.,  increasing  its  temperature.    In  other  words,  in  the  ordinary 

*°Cf.,  for  iustanc,  Moanon :  Pbyaik,  3  ed.,  Yol.  Ill,  p.  86. 
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case  of  viscosity-measarement  the  phenomenon  is  evoked  bj  sodden 
application  of  stress  (torsion,  tension,  flexnre,  volnme-compressioD)  it 
constant  viscosity;  in  the  present  case  by  sudden  decrement  of  viscositT 
at  initially  constant  stress.  For  instance,  given  a  fclass-hard  rod  at 
ordinary  temperatures.  Let  its  temi)erature  be  raised  to  lOO^.  The 
stress  which  was  just  permanently  maintained  at  the  lower  temperataie 
is  in  excess  at  the  higher,  because  of  the  diminished  viscosity  of  the 
rod,  as  a  whole;  and  this  excess  must  therefore  disappear  gradojJlv 
through  infinite  time,  precisely  as  we  have  observed  it.  If,  farthermore, 
the  diminution  of  viscosity  be  sudden  and  very  large  (annealing  at  hi^ 
temperatures  200<^,  300^,  &c.),  stress  will  disappear  at  a  correspoodinglj 
rapid  rate;  etc. 

In  this  way  we  are  able,  as  a  first  approximation,  to  refer  thephenomeitt 
of  annealing  to  the  general  categoiy  of  phenomena  of  viscosity.  Bat  for 
the  reason  of  the  deformation  accompanying  the  existence  of  iotenial 
stress,  for  the  reason  that  the  degree  of  heterogeneity  of  a  hard  rod 
varies  to  a  greater  or  less  extent  with  each  variation  of  stress  as  well 
as  temperature,  it  is  difiicnlt  to  form  any  clear  conception  of  the  viscositT 
of  the  rod,  as  a  whole,  except  by  the  aid  of  such  a  definition  as  is  given 
at  the  beginning  of  the  present  paragraph.  We  will  waive  a  fartbff 
development  of  these  views  here  for  the  reason  that  the  details  of  opers- 
tion  of  temi)ering  itself  are  in  need  of  fUrther  experimental  elacida- 
tion,  in  various  directions.  Here,  however,  an  account  of  the  occnr- 
rences  which  rob  the  theory  just  sketched  of  much  of  its  clearness  and 
perspicuity  is  in  place. 

(3)  The  most  satisfactory  conception  which  we  can  form  of  the  nature 
of  the  strain  of  a  glass-hard  steel  rod  is  that  of  abnormally  condensed 
external  layers  surrounding,  like  an  arch,  an  abnormally  rare  core. 
These  two  abnormal  states  of  density  mutually  condition  each  other. 
It  is  the  stress  under  which  the  internal  layers  exist  which  is  the  caose 
of  the  condensation  of  the  relatively  thin  external  shell,  and  the  extreme 
limit  of  condensation  of  the  latter,  again,  which  prevents  the  internal 
layers  from  falling  back  to  normal  density.  This  view  has  mach  exper- 
imental evidence  to  support  it,^^  though  it  must  be  regarded  as  a  mere 
diagram  of  the  essential  features  of  the  vastly  more  complicated  struct- 
ure of  the  glass-hard  rod.  An  increase  of  the  temperature  of  a  hard 
rod  (annealing)  is  antagonistic  to  the  existence  of  a  strain  of  this  diar- 
aeter  in  two  respects.  In  the  first  place  it  is  obvious  that  the  rare  oon 
will  be  in  a  condition  of  less  intensity  of  strain  at  a  high  than  at  a  Ioy 
temperature,  and  this  because  of  the  volume-exx)ans]on  due  to  tempera- 
ture. For  instance,  the  temperature  may  readily  be  chosen  so  higb 
that  an  identical  hot  rod*would  normally  have  the  same  low  density 
that  originally  existed  in  the  strained  core  of  the  cold  glass-hard 
rod.    Increase  of  temperature,  on  the  other  hand,  diminishes  the  den- 

•^Cf.  Moiuson:  Physik,  2.  ed.,  pp.  224, 225,  Vol.  I,  1S7.    Fromme:  1.  o. 
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sit.v  of  I  lie  extiTDal  layers.  In  proportion,  therefore,  as  tlie  temperature 
of  the  annealing  bath  is  higher,  the  inner  layers  of  the  originally  hard 
rod  ai)proaeh  the  normal  density  for  the  respective  temperatures  more 
and  more  nearly,  and  the  surface  condensation,  because  the  conditions 
of  its  existence  are  being  annulled,  must  therefore  also  disappear  at  a 
corresponding  rate.  When  the  temperature,  <°,  at  which  the  stress  in 
the  inner  layers  is  wholly  gone  has  been  reached,  only  as  much  of 
the  surfsice  condensation  can  have  remained  as  is  in  conformity  with  the 
ordinary  viscosity  of  steel  at  P.  The  rod  if  cooled  from  i^  will  there- 
fore in  the  cold  state  be  of  greater  densit}'  than  an  otherwise  identical 
and  homogeneous  rod — it  being  postulated,  of  course,  that  with  the  dis- 
appearance of  strain  the  tempered  ro<l  itself  approaches  nearer  and 
uearer  the  homogeneous  state.  If  the  annealing  be  carried  to  even 
higher  temperatures  than  t^,  the  surface  condensation  will  also  more  and 
more  fully  vanish,  and  the  density  of  the  cold  rod  as  a  consequence 
again  decrease.  Now,  it  is  exceedingly  remarkable  and  significant  that 
the  electrical  effects  due  to  the  annealing  of  a  glass-hard  steel  rod,  enor- 
mous as  they  are,  vanish  almost  entirely  after  the  temperature  of  the  an- 
nealing bath  excee<ls  300<^  to  400<^,  that,  is  at  a  temperature  at  which  the 
density  of  a  homogeneous  hot  rod  is  the  same  as  the  density  of  an  iden- 
tical cold  gla«shard  rod,**  or,  in  other  words,  very  nearly  at  the  temper- 
ature f  just  discussed.^^  Magnetic  effects,  however,  as  will  be  shown 
elsewhere,  are  still  very  marked  for  rods  annealed  at  temperatures 
higher  than  t®.  This  is  in  conformity  with  the  hypothesis  of  residual 
sarface  condensation,  because  magnetic  phenomena  are  so  largely  de- 
pendent on  the  external  layers  of  a  rod.  Finally,  the  actual  existence 
of  a  maximum  of  density  for  rods  annealed  at  temperatures  near  t®  has 
been  experimentally  shown  by  Fromme.** 

(4).  With  these  remarks,  however,  the  subject  is  by  no  means  fully 
exhausted,  even  so  far  as  our  present  purposes  go.  It  is  easily  con- 
ceivable that  a  rod  at  4G(P  may  be  brought  into  a  condition  of  strain 
(strain  of  hardness)  which  bears  the  same  relation  to  an  identical  homo- 
geneous rod  at  400^  that  an  ordinary  glass-hard  rod  does  to  an  identi- 
cal cold  soft  rod.  We  believe,  however,  that  the  viscosity  of  the  hot 
rod  is  too  insignificant  to  admit  of  the  x)ermanent  retention  of  more  than 
reduced  intensities  of  stress,  no  matter  how  much  of  the  strain  pecu- 
liar to  temper  may  by  some  ideal  means^  have  been  imparted  to  it. 
In  other  words,  suppose  that  a  sufficient  and  very  great  intensity  of 


»Cf.  pp.  90-93. 

B^The  condeDsed  layers  of  the  rod  being  thin  in  coniparison  with  tbo  rarefied  parts. 

"Fromme:  L  c,  p.  355. 

*To  form  a  definite  conception  of  ai^  ideal  process  of  tempering  like  the  one  in 
question,  suppose  the  observer  to  have  in  control  a  set  of  forces,  by  aid  of  which  he 
is  able  to  move  each  of  the  roolncnlesof  a  (soft)  steel  rod  into  snch  po8itionB  that  the 
rod,  as  a  whole,  experiences  a  strnin  of  glass-hardness  of  very  great  iuteuHity.  When 
this  characteristic  distribution  of  molecules  within  the  volume  of  the  (now)  hard  rod 
has  been  effected,  let  the  action  of  the  said  forces  be  discontinued  and  the  molecnleai 
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the  strain  iu  question  is  imparted  both  to  an  irou  and  to  a  stcrl  irM]nf 
the  same  dimensions.  When  the  tempering  iufluence  Las  ceiisid,  rbe 
steel  rod  will  have  retiiiued  a  pheuominal  ainouut  aud  exhibit  glass 
hardness.  The  iron  rod,  on  the  contrary,  will  have  lost  nearly  the  whole 
of  it.  Analogous  to  the  latter,  the  steel  rod  wbeu  at  400°,  no  waiter 
how  much  stress  may  be  imparted  to  it,  will  permanently  retain  do 
more  at  400^  than  the  small  amount  which  is  con8istent  with  thedefi 
nition  of  viscosity  above  given.^  The  present  cousideratiou,  therelore, 
culminates  in  an  experimental  inquiry  which  may  be  tbrn]ulate<l  tbus: 
Will  a  steel  rod,  if  chilled  from  a  given  temperature  in  red  heat  in  a 
liquid  at  any  temperature  below  t^,  aud  subsequently  annealed  byaa 
exposure  to  t^,  indefinite  as  regards  time,  always  exhibit  the  same  dnal 
intensity  of  stress  or  thermo-electric  hardness — barring:  of  course  all 
secondary  effects,  such  as  are  due  to  decarburatiou,  etc. 


THE     PHENOMENON    OF     GLASS-HARDNESS     DISCUSSED     FROM    THE 
CHEMICAL   AND    FROM   THE   MECHANICAL.    STANDPOINT. 

Chemical  interpretation, — We  now  proceed  to  the  disenssion  of  the 
effects  of  sudden  chilling  on  steel.  If  we  endeavor  to  explain  the  known 
phenomena  mechanically,  we  encounter  two  grave  difficalties.  In  the 
first  place,  we  fail  to  find  any  obvious  reason  why  the  hardness  of  a 
chilled  rod  is  not,  as  Ohernoff"  discovered,  a  uniformly  contiDUOOB 
function  of  the  temperature  of  the  rod  before  sudden  cooling.  In 
the  second  place,  the  important  function  of  carbon  in  the  process  of 
tempering,  and  the  necessary  presence  of  this  element  in  steel  if  tlie 
effects  of  sudden  cooling  iire  to  be  permanent,  is  not  eapsily  discernible. 
Both  these  apparently  weak  points  of  the  mechanical  theory  may  be 
very  easily  explained  chemically. '  It  is  only  necessary  to  snppose  that  a 
certain  high  temperature  must  be  reached  before  the  uncombined  carbon 
of  soft  or  annealed  rod  is  again  either  converted  into  the  combined  foim 
or  is  dissolved.^^    That  such  a  temperature  would  lie,  at  lowest,  in  the 


left  to  themselves.  Then  will  the  excess  of  stress  gradually  disappear,  until,  throogb 
infinite  time,  the  intensity  of  strain  which  the  given  prod  under  the  given  circvm- 
stances  of  temperature  of  itself  can  just  permanently  retain,  is  reached.  The  (hard) 
rod  is  now  in  a  condition  of  stable  molecular  equilibrium.  The  close  analogy  between 
this  ideal  method  of  imparting  temper  and  magnetization  is  at  once  apparent. 

«5Cf.  p.  95,  (1). 

^^Chernoff:  Vortrag  geh.  iu  der  Russ.  Tech.  Gesell.,  April  u.  Mai,  187H;  of.  Jeaos. 
op.  cit.,  p.  644-7.  A  reprint  of  ChernofTs  lecture  kindly  sent  by  the  author  showed 
us  that  Chernoff  was  the  first  to  discover  the  remarkable  phenotuenou  iu  questioo. 
Our  own  experiments,  made  independently  of  Chernoff  and  shoxtly  after  him,  led  to 
the  same  result,  both  as  regards  mechanical  aud  thermo-electric  hardness  (Cf.  Bams; 
Wied.  Ann.,  Vll,  p.  405,  1879;  Strouhal  and  Barus:  Wied.  Ann.,  XI,  p.  946.  18.Si».) 

'^Cf,  Karsteu's  tbeory  on  the  existence  of  a  *'  poly  carburet,"  for  instance,  in  Perey- 
Weddiug,  op.  cit.,  p.  167;  Jeans,  op.  cit.,  p.  646;  etc. 
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region  of  red  beat  is  immediately  probable.  Sadden  cooling  from  tem- 
peratures below  this  critical  value,  in  so  far  as  carbon  would  remain 
undissolved  or  uncombiued,  could  not  impart  hardness  to  steel,  but 
would  merely  anneal  it  the  more  thoroughly — which  is  aetualiy  observed. 
It  is  particularly  to  be  noted  here,  moreover,  that,  according  to  Jeans, 
in  the  cementation  process  iron  will  not  absorb  carbon  until  a  certain 
detinite  high  temperature  has  been  reached. 

Physical  interpretation, — (1)  The  first  of  the  above-mentioned  diffi- 
culties encountered  by  a  mechanical  theory  must  here  be  discussed  with 
greater  detail.  The  phenomenon  is  not  without  remarkable  physical 
analogies.  Gumming,^  for  instance,  and  after  him  others,  called  atten- 
tion to  the  very  sudden  expansion  exhibited  by  iron  at  a  certain  temper- 
ature in  red  heat.  Tait^  signalizes  the  abnormal  thermo-electric  behav- 
ior of  iron  under  the  same  circumstances.  Finally,  the  discovery  due  to 
Gore,^^  which  Baur^  has  recently  studied  with  considerable  detail,  is  to 
be  cited  here,  viz.,  that  the  temporary  magnetism  of  saturated  iron  at  the 
said  temperature  suddenly  vanishes  from  a  foregoing  very  large  value. 
There  appears  to  be  little  reason  to  doubt  that  all  of  these  phenomena 
are  different  manifestations  of  the  same  cause.^ 

(2)  If,  now,  we  bear  in  mind  that  a  glass  hard  rod  has  retained  a  very 
large  part  of  the  increment  of  volume  due  to  the  heat  expansion,  at  the 
temperature  from  which  it  was  chilled;  that  furthermore  very  rapid 

•  cooling  is  the  necessary  condition  of  the  appearance  of  glass-hardness; 
then  the  remarks  just  made  at  once  suggest  the  inference  that  Gum- 
ming's  phenomenon  plays  a  very  important  part  in  the  process  of  tem- 
pering. It  would  follow,  furthermore,  that  the  said  phenomenon  must 
first  fully  have  appeared  if  sudden  cooling  is  to  b^  accompanied  by 
hardness.  Hence  the  necessity  of  a  critical  temperature.  Here,  there- 
fore, we  encounter  the  first  difference  between  iron  and  st^l  on  the  one 
hand,  and  all  other  metals  and  alloys  on  the  other  (these  being  without 
the  said  phenomenon),  as  regards  conditions  favorable  to  the  produc- 
tion of  hardness  by  chilling. 

(3)  The  difference  between  iron  and  steel,  however,  appears  even  at 
ordinary  temperatures  whenever  both  materials  are  subject  to  the  same 
kind  of  stress.    If,  for  instance,  we  exiK)se  two  like  rods,  one  of  iron  and 

•»Cumming:  Of.  Tait,  1.  c.     Gore:  Proc.  Roy.  Soc,  XVII,  260,  18o9. 

»Tait:  Trans.  Roy.  Soc,  Ediubgh.,  XXVII,  1872-73,  p.  125;  Proc.  R.  8.  E.,VIII, 
p.  32,  1872-73. 

wGore:  Phil.  Mag.,  (4),  XXXVIII,  p.  59,  1809;  ibid,,  XL,  p.  170,  1870. 

^  Baur:  Wiod.  Ann.,  XI,  p.  408,  1880. 

**  Tait  refers  the  Hiniious  and  broken  character  of  the  iron  line  in  his  thermo-eleotric 
^  diagram  to  Cumniing's  phenomenon.  Gore,  and  more  thoroughly  Baiir,  ascribe  the 
anomalous  behavior  of  temporary  magnetism  at  red  heat  to  the  Mime  cause,  in  both 
cases  attributed  to  Gore.  The  same  irregular  results  would  probably  recur  in  the 
Tariation  of  electrical  conductivity  on  passing  the  temperature  in  question.  The 
method  of  experimentation  adopted  by  Benoit  (I.  c.)  led  him  to  overlook  this.  With 
the  discovery  of  Che rnotf  these  interesting  analogies  are  enriched  by  a  new  fact. 
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one  of  steel,  to  the  inflaence  of  the  same  sufficiently  intense  magnetic  field, 
the  steel  rod,  after  withdrawal,  is  found  to  have  retained  a  very  consid- 
erable part  of  its  original  magnetism  permanently,  whereas  the  iron  is 
comparatively  numagnetic.  Analogously  we  find  that,  although  both 
iron  and  steel  possess  the  essential  property  of  sadden  expansion  at 
red  heat  discovered  by  Gumming,  steel  after  sudden  cooling  has  re- 
tained a  phenomenal  amount  of  the  peculiar  and  characteristic  strain 
accompanying  hardness,  while  iron  remains  nearly  soft  and  compara- 
tively homogeneous.  It  appears,  therefore,  that  the  effect  of  snddea 
cooling  on  steel  also  admits  of  a  physical  explanation. 

Physical  and  chemical  changes  simultaneous. — There  is  one  other  con- 
sidevation  to  be  added  here.  If  we  compare  the  difference  between 
steel  and  iron  as  regards  their  power  for  the  retention  of  a  given  me- 
chanical strain,  with  the  respective  retentive  properties  of  steel  at  dif- 
ferent temperatures,  we  may  readily  infer  that  under  all  circumstanoea 
the  absolute  amount  of  combined  carbon  in  iron  or  steel  is  the  essential 
factor.  From  this  standpoint  every  gradually  progressive  change  of 
strain  from  any  original  to  any  final  value  is  to  be  looked  upon  as  a 
physical  phenomenon ;  the  fundamental  cause  of  such  gradual  change 
of  strain,  in  other  words  the  cause  for  the  necessary  change  of  viscosity, 
is  to  be  regarded  as  only  dependent  on  temperature  in  sncb  measure  as 
temperature  itself  determines  the  ratio  of  combined  to  ancombined  car- 
bon ;  hence,  also,  the  amount  of  combined  carbon  in  the  steel  rod.  Here»  . 
therefore,  the  thermo-electric  hardness  of  a  rod  annealed  for  an  indefi- 
nite length  of  time  at  t  degrees  is  an  indication  of  the  amount  of  com- 
bined carbon  in  the  rod  at  this  temperature. 


EXPERIMENTS   WITH   MALLEABLE   CAST-IRON. 

Above  inferences  not  decisive, — Endeavoring  to  review  the  above  mat- 
ter with  the  object  of  obtaining  data  for  the  discrimination  between  the 
physical  and  the  chemical  features  of  the  process  of  tempering,  we  fail  to 
find  criteria  sufficiently  decisive  to  enable  us  to  draw  oar  inferences 
satisfactorily.  We  are  induced  even  to  acknowledge  that>  there  exists  a 
remarkably  intimate  relation  between  the  two  methods  of  interpreting 
the  various  phenomena;  for  not  only  are  we  able  to  explain  even  the 
more  important  details  both  from  the  chemical  and  the  physical  stand- 
poiht,  but  the  development  of  either  hypothesis  continually  suggests 
new  means  for  the  development  of  the  other. 

Electric  behavior  of  malleable  cast-iron, — At  this  stage  of  our  research 
it  appeared  i)robable  that  further  and  perhaps  critical  information  might 
be  obtained  from  a  study  of  the  electrical  behavior  of  different  species 
of  cast-iron.    We  commenced  our  inquiry  with  an  examination  of  what 
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is  known  aa  ^'  malleable  cast-iron,"^  a  material  which  from  its  exceptional 
position  in  the  series  of  ironcarbarets  seemed  particularly  well  adapted 
for  the  elucidation  sought.  This  product  is  tough  and  tenaceous,  though 
imperfectly  malleable  in  the  soft  state,  but  after  sudden  cooling  from 
red  heat  becomes  almost  as  hard  and  certainly  quite  as  brittle  as  hard 
steel.  Forquingnon^  has  shown  that  it  is  distinguished  from  steel, 
chemically,  by  the  relatively  very  large  amount  of  graphite  which  it 
contains.  We  were  fortunate  in  obtaining  rods  of  malleable  cast-iron 
from  M.  E.  Hartmann,  in  WUrzburg. 

The  results  of  our  measurements  of  thermo-electric  power  are  given 
in  the  following  table  (42)  on  a  plan  identical  to  that  adopted  above  for 
alloys.  The  rods  were  examined  in  three  states  of  hardness,  viz.,  in  the 
commercial  condition  in  which  they  reached  our  hands,  then  immedi- 
ately after  sudden  chilling,  finally  after  thorough  anuealing  (softening) 
by  slow  cooling  from  red  heat: *• 

Tablb  42. — Thenmhelectfio  power  ofmalleahle  caeUiron, 


Rods. 


Rod  yo.  1. 
Oiigiwd  oonditlon 

CbiUedhAivl 

Soft 

Rod  No.  % 
Orlginftl  oondttiott 

ChUledhard 

Soft 


C. 

1&3 
18.4 
18.5 
18.6 

la? 

15.7 
15.7 
15.7 
15w7 
1&7 

17.9 
17.9 
17.9 
17.9 
17.9 


16.8 
16.9 
17.0 
17.0 
17.1 

12.0 
12.2 
12.3 
12.4 
12.5 

18.2 
18.2 
J8.3 
18.3 
1&3 


C. 
79.7 
68.8 
6&3 
47.4 
88.2 

50.0 
51.2 
43.4 
36.7 
30.1 

86.1 
77.2 
66.5 
53.9 
43.1 


75.9 
66u3 
56.1 
45.2 
37.2 

53.9 
46.3 
40.9 
3.5.  5 
30.3 

86.1 
72.3 
55.5 
4&1 
35.1 


I 


«  f 

observed,    oalculftted. 


Diff. 


microvolt. 
-57.8 
-39.4 
-25.0 
-13.4 
-  7.0 

-8L6 
-62.5 
-45.6 
-33.0 
-21.8 

-69.8 
-62.3 
-36.3 
-21.5 
-11.9 


-14.3 

-7.1 

0.0 

3.7 

5.5 


-25. 5 
-15.4  I 
-11.1  t 

-  7.6 

-  4.6  ' 

-43. 7  J 
-25.5^ 
-9.5 

-  2.4 
•f  0.1 


microvoU, 
-57.2 
-39.2 
-25. 1 

-ia.7 

~  6.8 

-8a  8 
-62.7 
-46.2 
-33.2 
-21.6 

-68.5 
-53.0 
-36l9 
-21.6 
-11.7 


-15.2 

-  6.4 

-f  0.1 
+  4.2 
4-  6.1 

-24.4 
-16.3 
-11.5 
-7.4 

-  4.4 

-43.8 
-25.2 

-  9.1 

-  8.0 
+  0.3 


•Oil 

-0.2 

0.1 

0.8 

-0.2 

•a  8 

0.2 

0.6 

0.2 

-0.2 

-1.3 
0.7 
0.6 
0.1 
0,2 


0.9 

-0.7 

-0.1 

0.5 

0.4 

1.1 

0.9 

0.4 

-0.2 

-0.2 

0.1 
-0.3 
-0.4 

0.6 
-0.2 


+0.45 


-0.90 


»+0.80 


^+0.96 


+a87 


^+0.72 


-0.014 


-0. 013 


-0.013 


-0.013 


-0.014 


-0.018 


•«Cf.  Perry- Wedding,  op.  d*.,  p.  143. 

*  Forquingnon,  {.  o.,  p.  536. 

*The  Qsnal  procensof  aorroonding  the  rods  with  ferro-ferric  oxide  in  gas-pipe  (clooed), 
then  heating  the  latter  to  redness  in  a  charcoal  fnmace,  in  which  the  tnbe  is  left  nntil 
the  fire  is  completely  extinguished,  being  adopted. 
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Table  42. — Tkvrmo-eUetric  pawtr  ofmaUedbU  oa$t  iron — Continaed. 


I 


P 


Bods. 


-Rod  No.  3. 
Original  oondition 


ChiUedhard 


Soft 


C. 
16.1 
16.2 
16.2 
10.3 
10.3 

17.8 
17.9 
17.9 
17.9 
17.9 

ia9 
ia9 
ia9 
ia9 
ia8 


c. 

67.3 
62.0 
50.3 
43.7 
37.3 

5a2 
51.1 
44.9 
37.9 
31.2 

80.2 

oai 

53.1 
42.1 
83.2 


« 

e 

ob«erved. 

calcnUited. 

mierovott 

mieroftoU. 

7.0 

e.s 

as 

a6 

9.0 

10.6 

10.5 

10.4 

9.5 

9.2 

-22.9 

-22.1 

-14.0 

-14.4 

-  a8 

-  9.0 

-  4.2 

-  4.2 

-  L4 

-  1.3 

-31.0 

-29.0 

-10.8 

-12.0 

-  0.6 

-  i.a 

+  2.8 

+  3.3 

+  4.1 

+  4.1 

0.8 

'0.3 

-1.0 

0.1 

0.3 


1.00 


-4l0]O 


-0.8    1 

0.4  I 
a2  \} 
0.  0  '  I 

-ai  ij 

I 


a73 


-1.4 
1.2 
0.7 
0.5 
0.0 


-4)L0I7 


L15  I  -aoic 


The  following  and  final  tables  (43)  contain  our  results  for  the  specific 
resistance  of  malleable  cast  iron  in  each  of  the  three  states — commer- 
cial, chilled  hard,  annealed  soft  (at  red  heat).  In  colmnn  third  is  given 
the  actual  resistance  per  meter  of  rod  at  the  temperature  t.  The  sec- 
tions in  cm*  are  found  under  q.  The  specific  resistances  at  t  and  0  de- 
grees are  arranged  under  s^  and  «,  respectively,  while  the  intermediate 
column  a  contains  the  temperature- coefiicients  for  this  reduction: 

Tablb  43. — Eledrical  resi$tance  ofmalleahU  cast  iron. 


Sod. 


3 


BemarkB. 


Wl, 


.cm 


oo 


Oiifllnal  ooodition 

Chilled  h»rd 

Soft 

Original  condition 

Chilled  hard 

Soft 

Original  condition 

ChiUedhard 

Soft 


ohm. 

0.0274 
877 
290 

0.0282 
323 
285 

0.0202 
316 
290 


C. 
15.5 
11.5 
14.5 

15.5 
11.5 
14.5 

15.5 
11.8 
14.5 


em*  !  mierohm, 

(0. 308)*  20.  0 

<0. 802)*  34.  a 

(a  200)*  24.  4 


I 


(0. 307)* 
(0.300)* 
(0. 296)* 

(0. 303)* 
(0. 297)* 
(0.290)* 


24.8 
29.2 
2&0 

24.1 
27.9 
24.4 


a004 
0.004 
a004 

aoo4 

0.004 

aoo4 

0.004 

aoo4 
aoo4 


2i4 

e.7 

27.1 
216 

224 
2&6 
214 


In  the  following  digest  the  main  data  obtained  for  malleable  cast-iron 
are  given  in  more  perspicuous  form.  Ja  contains  the  range  of  yariatron 
of  the  thermoelectric  constant  a  from  soft  to  hard.  Js  has  the  same 
signification  as  regards  specific  resistance: 

Table  44. — Thermo-electrio  power  and  spedfio  reHstanoe  of  malleable  coMUiron. 


Bod  number. 

Thermo-electric  power  (a). 

Soft 

Hard. 

1 

2 

+0.30 
+0.72 
+1.15 

—0.90 
■4-0  37 

3 

-4-0.73 

Speciflo  reeiatance. 


Soft. 


Hard. 


23.0 
23.6 
23.0 


Ja 


/It 


—1.20 
—0.35 
—0.42 


+&7 
+3.6 
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Decisive  character  of  the  evidence. — The  first  striking  feature  of  the 
last  set  of  results  is  the  slight  thermoelectric  differeuce  between  the 
malleable  cast-iron  rods  and  silver.  Hence  the  large  values  of  thermo- 
electric hardness  corresponding  to  the  large  values  of  specific  resistance. 

Far  more  remarkable,  however,  are  the  almost  insignificant  varia- 
tions (Ja  and  J«)  produced  by  sudden  cooling.  Here,  therefore,  we 
have  a  valuable  example  of  an  iron-carburet  in  which  the  inter^'al  of 
mechanical  hardness  due  to  tempering;  i.  e.,  the  difference  of  mechan- 
ical hardness  between  hard  and  soft  is  very  great,  whereas  the  corre- 
sponding change  of  the  electrical  constants  scarcely  reaches  the  elec- 
trical difference  between  '*blue  annealed''  and  "soft"  for  steel.  In  this 
respect,  therefore,  these  measurements  have  critical  value.  It  follows 
that  the  mechanical  hardness  possessed  by  chilled  steel  cannot  be  the 
only  or  even  the  principal  cause  of  the  enormous  variation  of  the  elec- 
trical constants;  that  the  said  cause  of  these  variations  must  be  sought 
in  the  secondary  phenomena  which  accompany  the  presence  of  hardness; 
that  they  are  therefore  very  probably  due  to  the  strains  manifesting 
themselves,  as  a  whole,  in  the  volume  expansion  of  hard  steel. 

This  important  deduction  is  further  substantiated  by  certain  experi- 
ments made  with  cast-iron  by  Joule.^  Uis  results  showed  that  cast- 
iron  in  the  white,  hard  condition  is  thermo-electrically  nearest  antimony; 
in  the  black,^  graphitic  condition,  however,  nearest  bismuth.  All  other 
samples  of  cast  iron  examined  occupied  thermo-electric  iK)sitions  between 
these  limits.  If,  therefore,  the  shifting  of  thermoelectric  position  pro- 
duced by  sudden  chilling  were  to  be  ascribed  to  the  conversion  of  un- 
combined  into  combined  carbon,  hard  steel,  like  white  cast-iron,  would 
lie  nearest  antimony,  soft  steel  nearest  bismuth,  whereas  the  actual 
positions  of  steel  in  these  two  extreme  states  of  hardness  is  just  the 
reverse  of  this.  Hence  it  would  follow,  again,  that  the  change  of  ther- 
mo-electric power  of  steel  due  to  tempering  must  be  referred  to  the 
increase  of  volume  simultaneously  experienced.  In  striking  accordance 
with  this  inference  are  the  results  of  Forquignon  :^  '*  Le  fonte  malleable 
se  distingue  de  I'acier  par  ses  faible  allongements  et  sa  forte  teueur  eu 
graphite.^^  It  appears,  therefore,  that  here  again  the  absence  of  marked 
volume  increase  is  the  concomitant  of  the  absence  of  marked  electrical 
variation. 

If  we  add  to  these  deductions  the  remarks  made  in  pages  89, 05,  and  99, 
we  arrive  at  the  following  final  result :  The  existence  of  the  peculiar 
strain  accompanying  hardness  in  steel  is  the  cause  of  electrical  effects  so 
enormous  that  such  additional  effects  which  any  possible  change  of  car- 
bnration  may  involve  can  be  wholly  disregarded,  and  all  electrical  re- 
sults interpreted  as  due  solely  to  variations  in  the  intensity  of  the  said 
strain. 


«  Joule:  Pbil.Traus.,  1859,  I,  p. 97. 

wfhat  is,  black  at  the  surface  of  fracture,  kuown  to  be  rich  in  graphite. 

'*'*  ForqnigDOD,  1.  c. ,  p.  536. 
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CHAPTER    IV. 

ON   THE  TUEBHO-ELECTBIC   EITECT  OF   MAGKETIZATIOX. 

Earlier  restilU. — A  uumber  of  facts  go  to  prove  that  the  molecular 
structure  of  an  irou-earburet  is  materially  affected  both  by  the  iuteasitr 
aud  by  the  kind  of  mugiietization  whieli  it  receives.  We  know,  more- 
over, from  esperiments  of  Joule,""  WL-rtheim,""  Mayer,""  that  the  eiist- 
eace  of  maguetisiu  iu  a  bar  exerts  a  stress  beariug  some  analogy  to  a 
pull  in  the  diiectiou  of  the  maguetic  asis.  This  strain  seems  to  be  an 
inseparable  concomitant  of  the  magnetic  quality.  We  therefore  infer  :it 
ouce  that  if  two  identical  steel  rods  be  magnetized  to  different  intensi- 
tiea,  their  original  thermoelectric  powers  n'ill  have  changed;  thai, 
moreover,  the  increments  of  this  quantity  in  the  two  cases,  in  accord- 
ance with  the  difference  of  magnetic  state  premised,  will  be  uneqaal. 
Similar  remarks  possibly  apply  to  other  physical  constants  of  steel,  iu 
particular  to  ita  electrical  eoudnctivity.  With  regard  to  the  latter,  tbe 
results  of  earlier  ob8er\-er8  are  either  unsatisfactory  or  discordant'" 
The  esperimeuts  of  Beetz"^  furnish  the  first  evidence  of  a  deciBlrf 
character.  This  physicist  found  that  tbe  resistance  effect  of  loDgi- 
tudinal  magnetization  is  an  increment  of  from  0.03  per  cent  to  0.06 
per  cent.;  that  in  the  case  of  transverse  magnetization,  however,  no 
variation  (greater  than  0.0005  per  cent.)  is  appreciable.  Beetz's  resolt 
has  been  corroborated  and  supplemented  by  experiments  of  Anerbaeh  * 
who  maintains  that  while  the  specific  resistance  of  bard  steel  increasej 
continuously  from  the  longitudinally  to  the  circularly  magnetized  state, 
soft  iron  and  soft  steel  possess  a  minimum  of  reaistauce  when  nn- 
magnetic. 

Tbe  discovery  of  a  thermo-electric  effect  of  magnetization  is  due  to 
Sir  W.  Thomson,"^  and  his  experiments  furnish  the  only  results  on 
the  subject  which  have  thus  far  been  obtained.  He  found  that  an  iron 
wire  iu  the  longitudinal  or  in  the  transversely  magnetized  atate  is  thermo 
electrically  positive  or  negative,'""  respectively,  when  compared  with  the 

'"Joiite:  PUil.  Mag.,  XXX,  pji.  76,  225,  l-ilT. 

101  Wertheiu  :  Ann.  d.  Chim.  et  de.  Pbys.  (3),  XXllI,  p.  302,  1648. 
iw Mayer:  PLil.  Mag.  (4),  XL VI,  p.  IT7,  1B73. 

"°Cf.  digest,  and  parlial  diacuasion  in  Wiedemauii's  OaWaaismuB,  Ila,  p.  586  ("L 
1874). 
">*Beetz:  Pogg.  Alio.,  CXXVIII,  p.  202,  1B66. 
'"AiietUachr  WIed.  Ann.,  V,  p.  289,  1878. 
'"Thomson :  Pbil.  Trans.,  Ill,  p.  -iS,  1656. 
'"In  Seebeek'a  sense.     See  preface. 
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fiame  wire  in  the  anmagnetic  state;  that  is,  there  would  be  a  thermo- 
curreut  from  trausversely  inagnetic  to  unmagnetic  through  hot,  or  from 
unmagnetic  to  loDgitudinally  magnetic  through  hot. 

Relative  electrical  effects  of  hardness  and  nia>gnetization,—TheQe  facts 
have  an  immediate  bearing  on  the  question  in  how  far  the  method  for 
the  measurement  of  hardness  which  we  employed  in  the  case  of  un- 
magnetic rods  is  to  be  modified  when  we  deal  with  magnets.  For  it  is 
obvious,  if  the  hardness  of  a  steel  rod  is  to  be  expressible  in  terms  of 
its  thermoelectric  power,  that  magnetization,  in  so  far  as  it  produces 
no  appreciable  change  of  the  mechanical  quality,  must  to  an  equal  ex- 
tent be  without  influence  on  the  value  of  its  electrical  equivalent. 

The  effect  of  transverse  and  of  circular  magnetization  on  the  specific 
resistance  is  not  distinctly  marked.  Beetz,  I.  o.,'  obtained  no  indication 
whatever.  We  are  justified  in  accepting  a  similarly  small  interval  of 
variation  for  the  thermo-electric  power,  although  Thomson,  Lc,  was  able 
to  adduce  conclusive  experimental  proof  of  it«  existence.  In  its  bear- 
ing on  the  especial  purposes  of  the  present  series  of  papers,  this  effect 
is,  however,  of  secondary  importance;  for  which  reason,  and  in  view  of 
the  difSculties  with  which  an  exact  measurement  would  be  surrounded, 
we  determined  to  neglect  it  in  favor  of  the  much  more  pronounced  phe- 
nomenon now  to  be  considered. 

It  is  the  evaluation  of  the  electrical  effect  of  longitudinal  magneti- 
zation, therefore,  which  is  carefully  to  be  essayed.  As  regards  the  spe- 
cific resistance,  the  results  of  Beetz  furnish  the  datum  of  only  about  a 
half-tenth  per  cent,  for  iron  in  the  most  favorable  case.  Now  the  re- 
sistance effect  of  glass-hardening  is  as  high  as  300  per  cent.  It  is 
obvious,  therefore,  that  where  the  specific  resistance  is  used  for  the 
definition  of  hardness  of  steel,  the  effect  of  magnetization  is  thoroughly 
negligible,  since  for  steel  it  will  probably  fall  even  below  the  small  value 
lor  iron ;  particularly  so  where  permanent  magnetism  is  alone  of  interest. 
Consequently  this  mode  of  measurement  of  hardness  may  be  immedi- 
ately aiiplied  to  steel  irrespective  of  its  magnetic  state. 

In  considering  the  thermo-electric  behavior  of  steel  in  its  dependence 
on  magnetization,  the  following  striking  peculiarity  is  conspicuous  at 
the  outset.  When  the  simultaneous  variation  of  thermo-electric  power 
and  specific  resistance  is  produced  by  tempering,  the  result  is  such 
that  steel  for  continually  increasing  resistance  moves  constantly  toward 
greater  thermo-electrically  negative  values.  When  the  simultaneous 
variation  in  question  is  produced  by  magnetization,  however,  a  positive 
increment  of  resistance  (Beetz)  corresponds  to  a  shifting  of  steel  towards 
thermo-electrically  positive  values  (Thomson).  This  at  once  points  out 
a  radical  difference  between  these  phenomena,  a  difference,  however, 
which  might  have  been  anticipated  both  from  the  utter  dissimilarity  of 
the  strains,  as  well  as  from  the  fact  that  we  necessarily  deal  with  steel 
only  in  the  first  case,  but  with  iron  and  steel  (soft)  respectively,  in  the 
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second — where,  moreover,  the  behavior  of  soft  and  of  hard  steel  is  not 
even  qualitatively  the  same  (Auerbach). 

The  magnetic  result  admits  of  the  following  interpretation.  Tt  ha« 
been  stated  that  one  of  the  results  of  magnetization  is  elobgationin 
the  direction  of  the  magnetic  axis  and  contraction  at  ri/?lit  angles  to  it 
in  such  proportions  as  leave  the  volume  of  the  iron  uucbanged  (Jonle). 
In  this  respect  the  stress  is  analogous  to  a  pull.  Now,  Thomson  dis- 
covered in  the  one  case  a  current  from  transversely  magnetized  to 
longitudinally  magnetized  iron  through  hot;  in  the  other  a  current  from 
transversely  strained  to  longitudinally  strained  iron  through  hot. 
Possibly,  therefore,  we  have  in  hand  more  than  an  incidental  coiuci- 
dence.  It  is  to  be  noted  that  both  results  apply  for  eloDgation  witbi.r 
the  elastic  limits.'^ 

Method  of  experimentation, — Thomson's  results  are  qualitative.  For 
our  purposes,  however,  quantitative  results  are  a  necessity.  With  the 
object  of  deriving  these  the  following  experiments  were  made.  The  dis- 
position of  apparatus  is  diagrammatically  given  in  Fig.  14.    A  soft  iron 


M 


Fig.  U.— Disposition  of  apparatus. 

wire  about  0.08  centimeter  thick  and  40  centimeters  long,  the  ends  of 
whicK  had  been  fastened  to  long  terminals  (c,  d)  of  copper  wire,  wa* 

»««Thoiii8on,  /.  c,  pp.  71-^,  713.  Cobn,  Wied.  Ann.,  VI,  p.  385,  lr7l>.  BeetJs  (Pogg. 
Ann.,  CXXVIII,  p.  19:^  1866)  remarkH  that  the  resistance  effect  of  niagnetizatiou  i» 
probably  to  be  referred  to  the  occurrence  of  the  magnetic  strain,  and  in  so  fur  antici- 
pates the  above  stateuient.     But  he  potssvasi'S  no  direct  evidence. 
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thrust  through  a  helix  {AB)  together  with  one  of  the  copper  wires,  and 
fixed  in  its  axis.  At  each  of  the  ends  of  the  helix,  and  as  near  its  cen- 
ter as  possible,  a  doubly  tubulated  spherical  receiver,  containing  petro- 
leum at  the  temperatures  t  and  T,  respectively,  was  placed.  These  re- 
ceivers contained  the  junctions  of  the  thermo-element  (copper-iron).  In 
other  respects  the  disposition  5nd  method  of  measurement  was  the  same 
as  that  employed  in  the  previous  chapter  II,  and  the  reader  desiring 
further  information  is  referred  thitherJ"^ 

The  helix  in  question  had  ar  length  of  22.3  centimeters,  contained  ten 
layers,  each  with  about  55  windings  of  thick  copper  wire  0.3  centime- 
ter in  diameter. 

A  Siemens  dynamo-electric  machine  was  at  our  disposal  as  a  source 
of  strong  current,  the  intensity  of  which,  obtained  by  the  aid  of  a  large 
tangent  compass,  under  the  given  circumstances  proved  t/o  be 

f=3.12^^* 
sec 

Let  2a  be  the  length,  r  the  radius  of  a  given  layer  of  the  helix,  n  the 
number  of  turns  of  wire  in  the  layer,  25  the  length  of  the  rod  to  be 
magnetized.  Then  will  the  magnetizing  force  on  the  axis  of  the  helix 
and  at  a  distance  b  from  its  center  be 


^Trni  r        a-^b  a—b         j 


and  the  tnean  magnetizing  force  of  this  layer  referred  to  the  given 
length  (2b)  of  wire 

^^TB  [  y^'{^W+^-  V(a-6)»+f»] 
The  following  are  the  data  describing  the  field  actually  used: 


2  Xk=35  S  X=628 


9^ 


cmi  see 


It  is  unfortunate  that  the  conditions  of  a  more  uniform  field  could  not 
be  secured.  But  in  view  of  the  very  large  central  intensities  (Xos940> 
the  belief  is  warranted  that  the  maximum  of  magnetization  must  at 
least  have  been  very  nearly  attained.  A  uniform  field  of  the  intensity, 
130  to  140,  is  usually  regarded  as  sufficient  to  magnetically  saturate  iron. 
Our  mean  value  (528)  is  about  four  times  as  large. 

The  actual  measurement  of  the  influence  of  magnetization  on  the 
thermo-electric  power  of  iron  was  made  in  such  a  way  that  two  separate 
series,  each  of  five  observations  of  electro-motive  force  and  temperature 
for  the  rod  free  from  magnetism  (t.  e.,  without  magnetizing  current), 
included  a  single  series  of  the  same  number  of  observations  for  the 
magnetized  rod  (i.  e.,  with  current).  The  thermo-electric  constants  of 
the  first  and  third  series  were  therefore  to  be  regarded  as  identical, 

"»Ch<ip.    II  -36; 
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while  those  of  the  second  would  differ  from  them  by  an  amount  equiva- 
lent to  the  magnetic  effect  to  be  measured.  Id  order  that  all  direct 
action  of  the  helix  on  the  galvanometers  or  parts  of  the  circuit  might 
be  avoided,  the  former  with  its  attached  thermoelement  was  placed  at  a 
great  distance  ( 100  feet)  from  the  latter.  These  remote  parts  of  the  set  of 
apparatus  being  connected  by  copper  wire  of  a  given  kind,  no  discrep- 
ancies due  to  extraneous  thermo-currents  in  the  connections  were  to  be 
apprehended.  On  all  these  points  we  satisfied  ourselves  by  siiecial  testa. 
Results. — (1)  The  results  of  the  three  series  of  observations  in  question 
are  contained  in  the  following  table.  If  e  be  the  electro-motive  force 
for  the  temperatures  t  and  T  of  the  junctions,  we  have 

e=a(T-e)+6(T*-f*) (1) 

a  formula  to  be  applied  to  the  three  cases.  We  proceeded  as  folloivs: 
Having  calculated  the  constants  a  and  b  for  the  series  of  observations 
I  and  III  (unmagnetic  iron-copper)  by  the  method  of  least  equares,  the 
mean  of  the  two  values  of  each  was  taken,  and  together  with  the  tem- 
peratures T and  ^belonging  to  the  series  II,  was  used  in  deducing  valoes 
of  e  for  this  series,  by  the  aid  of  formula  (1).  In  the  table  the  latter  are 
given  in  parentheses.  They  are  therefore  such  as  wonld  hold  for  the 
element  unmagdetic  copper-iron  under  circumstances  identical  with 
those  in  which  the  element  magnetic  copper-iron  was  actually  placed. 

Tablb  45. — ThemKhelectric  power  of  magnetic  and  unmagnetic  iron. 


Z.  Iran  wire  not  magnetioV 


ZI.  Iron  wire  maf^netio 


HI.  Iron  wiro  not  magnetic 


t 

T 

oC. 

OC. 

]8l5 

71.0 

16l4 

eo.i 

16l3 

60.0 

i&a 

80.7 

15.2 

3L0 

16.1 

83.6 

15.0 

72.6 

15.0 

58.2 

15.0 

46.2 

U.9 

35.0 

U.8 

90.8 

14.8 

79.3 

14.  S 

67.8  , 

14.7 

54.0 

14.7 

45.0 

observed.  •  calcaUted.  i    ^^• 


mierowMt. 
564.1 
456.0 
364.7 
26L7 
171.3 


m4ierovoU$. 
564.0 
45&8 
363.3 
260.8 
171.0 


674.2 

(660.3) 

57&8 

(575. 6) 

448.0 

(445.  5) 

832.5 

(329.6) 

229.5 

(226.5) 

733.8 

732.8 

635.9 

637.2 

536.2 

536l3 

408.8 

409.2 

325.7 

325.2 

+0.1 
-L4 

+1.4 
+0.0 
-0.6 


ds- 


ILW 

a  0211 


0 

-f3.S 
+3.4 
4-2.0 
+3.0 

+  1.5 
-1.3 
-0.1 
-0.4 
+0.5 


5=— 


II  n3 

0.03U 


>  Electro-motive  force  rolatively  to  copper  (given  sample),  as  sero,  in  each  of  the  three  oasM. 

An  inspection  of  the  colamn  of  differences  proves  conclusively  that 
iongitadinally  magnetic  iron  wire  is  thermo-electiically  more  positif^e 
than  iron  free  from  magnetism.  We  have,  therefore,  a  corroboration  of 
Thomson's  revolt. 

Nevertheless,  the  differences  in  question  are  small,  and  if  we  compare 
them  with  the  set  of  values  for  the  series  I  and  III  in  the  same  colomn 
we  infer  that  they  must  be  largely  distorted  by  incidental  errors.  It 
appears,  therefore,  that  the  observations  are  not  adequately  exact  for 
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the  calcalation  of  the  constants  of  the  element  magnetic-unmagnetie 
iron  with  the  desirable  accuracy,  thongh  they  do  furnish  a  good  esti- 
mate of  their  value. 

(2)  For  this  reason  we  made  a  second  set  of  experiments  differing 
from  the  above  in  so  far  as  much  greater  intervals  ( T —  t)  of  tempera- 
ture were  chosen.  Tand  t  being  kept  as  nearly  constant  as  possible, 
measurements  of  e  for  the  magnetized  and  unmagnetized  state  of  iron 
were  alternately  made.  Supposing  the  resistances  of  Bosscha's  zero 
method  to  have  been  so  adjusted  that  for  given  values  of  T  and  t  and 
unmagnetic  iron  no  current  was  appreciable  in  the  galvanometer,  it 
was  found  that  a  permanent  deflection  at  this  instrument  immediately 
occurred  on  closing  the  magnetizing  circuit  through  the  helix,  of  such  a 
kind  as  to  indic^lte  an  iticrease  of  thermo-electromotive  force.  That 
this  effect  is  of  purely  thermo-electric  origin,  and  is  not  to  be  directly 
ascribed  to  extraneous  influences,  follows  conclusively  from  the  regu- 
larity of  increase  of  e  with  increasing  values  of  T.  To  produce  different 
but  temporarily  constant  values  of  the  latter  quantity  the  boiling  point 
of  water  and  of  aniline  and  the  melting  point  of  lead  were  found  serv- 
iceable. 

The  table  below  contains  mean  values  of  electro-motive  force  and 
temperature,  t'he  results  being  derived  from  a  great  number  of  meas* 
urements  of  e,  with  alternately  open  and  closed  magnetizing  current, 
for  each  pair  of  values  of  T  and  t  The  differences  between  the  values 
of  e  corresponding  to  magnetic  and  unmagnetic  iron  respectively,  ena- 
ble us  to  calculate  the  constants  a  and  b  for  the  thermo-couple  com- 
posed of  two  identical  iron  rods,  one  of  which,  however,  is  magnetically 
saturated,  the  other  free  from  magnetism. 

Table  46i — ThemuheUotrio  power  of  magnetic  and  unmagnetic  iron. 


I.    Iron  wire,  not  iDAgiietio> 

H.    Iron  wire,mftgiietioi 

Thermo^leotrio  ooaple:    magnetio-iu) 
magnetic  iron* 


19.5 
1ft.  4 
17. 

18.5 
15.4 
17. 


16.6 
15.4 
17. 


99.3 
184.2 
82a 

99.2 
184.2 
82& 


99.2 
184.0 
328. 


€ 

obaerved. 

€ 

calooJated. 

BUT 

mi«rovoUi. 

microvoUt. 

785 

787 

-2 

1256 

1261 

+5 

1173 

1178 

-6 

788 

790 

-2 

1287 

1261 

+6 

1199 

1204 

-6 

4.0 

4.2 

-0.2 

11.3 

10.6 

+0.8 

25.4 

25.8 

-0.4 

• 

6s~ 


12.49 
0.0M9 


12.48 
-  0.0248 


a:=+  0. 035 
6=>f  0. 00014 


*  Thermo-electromotlvo  forc«  relatiTely  to  copi>er  (given  sample)  as  cero. 

*  Thenno-eleotromotive  force  relatively  to  nnmagnetic  iron  aa  sero. 

Value  of  the  effect — The  thermo-electric  effect  of  magnetization,  as 
given  by  the  constant  a,  is  therefore  -f  0.035.  The  corresponding  effect 
due  to  tempering — i.  6.,'the  difference  between  the  constants  a  for  the 
soft  and  for  the  glass-hard  state — attains  values  as  high  as  13.0.    Hence, 

(701) 


!f1 
'I 


110 


IRON-CARBURETS. 


[BLULti 


even  if  the  behavior  of  iron  and  steel  were  qualitatively  the  same— an 
unfavorable  supposition  not  in  accord  with  Thomson's  observations 
the  increment  of  thermo-electric  power  resulting  from  complete  satnn- 
tion  would  only  amount  to  a  few  tenths  per  cent,  of  the  thermo  electiic 
interval  between  soft  and  glass-hard  steel.  Bat  in  oar  experimeoU  we 
shall  have  to  do  with  permanent  magnetism  only,  whence  it  follows  that 
the  discrepancy  will  be  reduced  to  a  much  smaller  value.  We  conclade 
that  the  thermoelectric  hardness  of  a  steel  rod  is  practically  independeiii 
of  its  magnetic  state. 

A  remark  on  the  general  character  of  the  strains  met  with  in  this 
chapter  is  in  order  here : 

(1.)  In  the  case  of  steel  (cylindrical  rods)  hardened  by  tempering,  we 
observe  a  dense  external  shell  surrounding  an  abnormally  rare  core,  m 
such  a  way  that  greatest  intensity  of  stress  is  exerted  in  the  radial  direc- 
tion ;  i.  e.j  at  right  angles  to  the  axis  of  figure.  Tempered  steel  bai 
been  shown  to  be  thermo-electrically  negative  towards  soft  steel. 

(2.)  In  the  case  of  steel  hardened  by  drawing  throagh  a  wire-iron,  we 
observe  a  compressed  external  shell  (though  of  far  lesser  density  than 
in  the  first  case)  surrounding  a  slightly  rarified  core,  in  such  a  way  ikaX 
greatest  intensity  of  stress  is  exerted  in  an  axial  direction.  Hard- 
drawn  steel  is  thermo-electrically  positive  toward  soft  steel.^^® 

(3.)  If  an  iron  wire  is  longitudinally  stretched  and  the  deformation 
temporary,  then  the  strain,  so  far  as  its  electrical  indications  are  con- 
cernedi  is  similar  to  the  magnetic  strain  in  iron. 

^loMagnns:  Fogg.  Ann.,  LXXXIII,  p.  4G9,  1851. 
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CHAPTER  V. 

ON  THE  INPI-UENCE  OF  HARDNESS  OX  THE  MAXI3IUM  OF  MAGNET- 
•    IZATION   WHICH  THIN   CTLINBRICAX.   STEEL   RODS   OF   DIFFERENT 
DIMENSIONS  PERMANENTLT  RETAIN. 

PLAN    AND    PURPOSE    OF    THE    PRESENT   EXPERIMENTS. 

Earlier  results. — The  relation  existing  between  the  magnetic  proper- 
ties and  the  state  of  hardness  of  steel  has  been  made  the  subject  of  a 
very  large  number  of  investigations.^" 

Dimension-ratio  and  hardness. — After  the  apparently  d  iscordan t  results 
of  J.  Mtlller,  Pliicker,  and  Wiedemann,  on  the  one  hand,  and  Hansteen 
and  Lamont,  on  the  other,  had  been  interpreted  by  Ch.  Buths  in  a  very 
thorough  investigation — subsequently  corroborated  by  Fromme — the 
present  question  may  be  said  to  have  been  answered  in  so  far  as  the 
practically  important  factor,  the  ratio  of  dimensions  of  the  material  ex- 
perimented upon,  is  concerned.  It  was  herewith  conclusively  proven 
that  both  temporary^"  and  permanent  magnetism  show  a  totally  dif- 
ferent kind  of  dependence  on  the  state  of  hardness  of  steel  when  the 
saturated  rods  are  long  than  when  they  are  short.  On  the  basis  of 
these  researches  our  knowledge  of  the  practically  more  important  per- 
manent magnetism,  more  particularly  the  maximum  possible  for  a  given 
cylindrical  steel  rod,  may  be  summarily  stated  as  follows : 

So  long  as  the  ratio  of  length  to  diameter  is  smaller  than  a  certain 

•  ^^ 

^"Digests  of  the  earlier  papers  may  be  foond  in  J.  Lamont,  Handbnoh  des  Magnet- 
ismoB,  p.  249,  1867;  G.  Wiedemaon,  Gal  van  ism  as,  II  a,  p.  340,  1874.  Among  the 
more  recent  pnblications  (since  1H76)  the  following  are  especially  to  be  men- 
tioned :  Cb.  Rutbs,  luaug.  Dissertiou,  p.  34,  Darmstadt,  1874 ;  Cb.  Ruths,  Ueber  den 
Magoetismns  weicher  Eisencylinder,  etc.,  Dortmund,  1876;  J.  M.  Gangain,  Comptes 
Rend.,  LXXXII,  p.  144,  1876;  C.  Fromme,  Gottinger  Nachricbten,  p.  157, 1876;  Tr^ve 
et  Dnrassier,  Comptes  Rend.,  LXXXII,  p.  145,  1876;  A.  v,  Waltenbofen,  Dingler's 
Journal,  CCXVII,  p.  357,  1876;  ibid.,  CCXXXII,  p.  141,  1879;  Gray.  Phil.  Mag.  (5), 
Tl,  p.  3*21-332,  1878 ;  A.  Rigbi,  Beibliitter.  V,  p.  62,  1881  ;  W.  Metcalf,  Beiblattcr,  V, 
p.  895,  1881 ;  A.  Pictet,  Arcb.  de  Gen.  (3),  VI,  p.  113-125,  1&?1. 

Tbe  remarks  made  in  tbis  and  tbe  following  chapters  were  originally  publisbed  in 
the  Verbandl.  der  pbys.-med.  ges.  zu  WUrzburg,"  N.  F.  XVII,  p.  19, 1882.  Tbe  pree- 
<«nt  paper  difiers  from  tbese  in  form,  tbe  observations  having  been  reduced  tbrongbout 
to  tbe  current  absolute  electromagnetic  units,  and  by  containing  a  large  number  of 
•experiments  made  since  the  date  of  original  publication.  It  will  be  found  tbat  tbe 
latter  have  added  essential  corroboration  to  tbe  inferences  drawn.  Tbe  reduction  in 
question,  presupposing  a  knowledge  of  the  contents  of  Chapter  I,  has  not  until  lately 
been  feasible. 

^*' Tbe  terms  *^  permanent"  and  ^Hemporary"  as  used  here  have  tbe  signification 
proposed  by  G.  Wiedemann  in  Beibliitter  1,  p.  67,  1877. 
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liinitiug  valae,  apparently  characteristic  of  the  material  chosen,  cjlin- 
drical  rods  are  capable  of  retaining  a  greater  inteusity  of  magDeti^oi 
permanently  when  in  the  glass-hard  than  when  in  the  annealed  state; 
but  after  the  ratio  in  question  increases  to  values  above  this  limits  hard 
rods  are  overtaken  in  this  respect  by  the  3'ellow  annealed ;  these  in  tarn 
by  the  blue  annealed.  Soft  rods,  cwteris  paribus,  usually  retain  more 
magnetism  than  hard  or  annealed  rods  of  the  same  dimeDsions,  except 
when  the  ratio  of  axes  is  small. 

Garburation. — The  results  in  hand  for  the  specific  mag^netic  effect  of 
carburation  are  even  more  unsatisfactory.  We  possess  at  best  cnrsoiy 
or  isolated  data,  due  to  Barlow,"^  Milller,"*  Jamin,"*  v.  Waltenhofen,^* 
Pictet.^^'^  To  our  knowledge  the  only  attempt  at  a  systematic  research 
with  reference  to  the  effect  of  carburation  was  made  by  Trfeve  and 
Durassier.^^^  £ut  the  results  of  these  observers  are  far  from  being ereD 
approximately  complete.  They  are,  moreover,  seriously  obscare,  be- ' 
cause  insufficient  attention  is  paid  both  to  hardness  and  dimensions. 

Taken  as  a  whole,  therefore,  the  work  done,  however  valuable,  can 
serve  for  orientation  only.  It  is  of  the  nature  of  a  mere  estimate.  The 
full  and  minute  analysis  must  introduce  all  those  complications  of  a 
metallurgical  kind  wh*ich  render  the  term  '^  steel '^  itself  indefinite.  In 
this  place  the  effect  of  carburation  cannot  even  be  discussed  with  advan- 
tage. It  will,  therefore,  be  waived,  to  be  resumed  in  Chapter  VII  of  the 
present  memoir,  where  we  shall  have  occasion  to  review  the  physical 
characteristics  of  the  iron  carburets  in  general. 

Critical  disoussum. — Returning  from  this  digression  to  a  discussion  of 
the  magnetic  effect  of  the  hardness  and  of  the  dimensions  of  steel  rods, 
we  find  it  undeniable,  although  the  main  features  of  the  subject  may 
be  said  to  be  roughly  outlined,  that  the  information  gained  is  almofit 
intangibly  vague  and  unsatisfactory.  In  fact,  the  solution  is  at  most  a 
qualitative  one.  The  data  of  the  above  researches,  in  other  words,  do 
not  enable  us  to  trace  the  continuous  change  of  magnetic  intensity  of 
thin  saturat-ed  steel  rods,  considered  for  the  time  being  as  a  function  of 
a  single  indepeudent  variable  hardness  only — ^the  steel  passing  from  an 
initial  (soft)  to  a  final  (hard)  state  through  every  intermediate  scate, 
dimensions  and  carburation  being  regarded  as  parameters.  And  yet  it 
is  only  from  results  of  this  character  that  an  intelligent  insight  into 
these  complicated  phenomena  can  be  obtained. 

There  are  two  difficulties  which  have  thus  far  stood  in  the  way  of 
more  exact  research  in  this  direction.  The  first  of  these  was  the  want  of 
a  sufficiently  sensitive  method  for  the  discrimination  between  degrees  of 

"3 Barlow:  Phil.  Trans,  p.  117,1822. 

i"MUller:  Pogg.  Ann.,  LXXXV,  p.  1B7,  1852. 

'«Jamin:  Coraptes  Rend.,  LXXVII,p.  89,  1873. 

»6V.  Waltenhofen:  Pogg.  Ann..  CXXI,  p.  431, 1864. 

i"Pictet:  Arch,  de  Geneve  (3),  VI,  p.  113,  1881. 

"•Tr^ve  et  Durassier,  Mondes,  XXVIII,  pp.  587,  607,1875. 
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hardness.  Tfee  estimate  furnished  by  the  oxide  tints,"*  if  indeed  rigidly 
reliable,  is  much  too  crude.  The  same  would  be  true  of  any  other  of  the 
more  current  methods.  After  we  had  found,  therefore,  how  well  the 
electrical  properties  of  steel  can  be  thus  utilized — after  we  had  seen, 
for  instance,  that  the  annealing  effect  of  temperature  as  low  as  50^  G. 
can  be  pursued  and  studied  with  the  utmost  nicety — the  application  of 
our  method  to  magnetic  phenomena  at  once  forcibly  presented  itself. 
Subsequently  certain  analogies,  which  appear  to  exist  between  hardness 
itself  when  measured  electrically  and  permanent  magnetic  moment,  ren- 
dered the  application  of  our  method  even  more  desirable.  With  regard 
to  the  second  difficulty,  we  want  in  this  place  again  to  emphasize  that 
the  l)ehavior  of  rods  of  different  dimensions  cannot  by  any  means  be 
immediately  compared  unless,  ccvteris paribuSj  the  same  thickness  occurs 
throughout.  Most  of  the  observers  cited,  however,  have  obtained  their 
Insults  with  rods  for  which  different  values  of  L  :  J)  were  secured"® 
by  retaining  L  constant  and  varying  D.  Now,  it  is,  a  priori^  to  be  an- 
ticipated that  glass-hardening,  accompanied  or  not  by  subsequent  an- 
nealing, will  be  productive  of  different  effects,  of  states  of  hardness, 
which,  even  if  temperature  and  time  are  identical,  are  structurally"^  the 
more  dissimilar  in  proportion  as  the  rods  subjected  to  these  operations 
differ  in  diameter.  Nor  is  this  all.  Difference  of  thickness  usually  im- 
plies a  difference  in  chemical  composition,  unless,  indeed,  the  specimens 
chosen  are  cut  from  the  same  piece  of  steel.  To  our  knowledge,  in  none 
of  the  above  researches  (rods  from  0.2  centimeter  to  0.7  centimeter  in 
diameter)  was  this  done.  How  very  different  the  behavior  of  rods  fre- 
quentlj-  is,  even  when  coming  from  the  same  source  and  nominally  of 
the  same  kind  of  steel,  will  appear  from  several  examples  to  be  cited  in 
the  next  paragraph. 

Thomson's  law,  in  accordance  with  which  geometrically  similar  rods 
show  equal  moments  per  unit  of  mass  when  placed  in  identical  magnetic 
fields,  is  probably  true  for  iron,  but  cannot  be  immediately  applied  to 
the  case  of  steel :  possibly  it  may  be  ai^plied  to  very  soft  rods ;  to  a 
lesser  extent  to  those  in  the  annealed  state;  certainly  not  to  glass-hard 
rods,  inasnrach  as  here  the  peculiarities  of  internal  structure  resulting 
from  the  process  of  tempering  manifest  themselves,  even  m  the  case  of 

^^^It  is  highly  probable  that  a  given  oxide  tint  can  be  obtained  in  an  infinite  number 
of  ways  by  varying  temperature  and  time  of  exposure  simultaneously :  lower  temper- 
atures acting  for  very  long  intervals  of  time  producing  the  same  color  effect  as  higher 
tcmperatnreM  for  short  periods  of  exposure.  Kesearchcs  on  this  subject  are  in  progress. 
Possibly  the  variation  of  color  may  correspond  very  closely  with  the  actual  variation 
of  hardness,  as  discussed  in  Chapter  II. 

""AH  the  above  remarks  apply  to  cylindrical  rods  of  length  L  and  diameter  D. 

»-*  Structure,  as  used  here  and  elsewhere,  refers  to  the  variation  of  density  encoun- 
tered on  passiu^jj  along  a  radins  from  the  axis  of  the  rod  to  the  circumference.  In 
how  far  the  structure  of  rods  of  dift'ercnt  diameters  will  vary  cannot  even  be  conjec- 
tured. 
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geometrically  similar  figures,  in  a  way  that  compels  ns  to  treat  eadi 
thickness  individually.^" 

The  present  experiments. — ^The  above  remarks,  we  believe,  cleariysbot 
that  the  whole  of  our  knowledge  on  the  relation  of  magnetism  to  the  vari- 
ables, carburation,  hardness,  and  dimensions,  is  urgently  in  need  notonlj 
of  reconstruction,  but  of  further  elucidation ;  and  we  took  great  delight 
in  welcoming  this  opportunity  for  the  practical  application  of  the  es^ 
rience  which  the  attention  of  n&any  years  to  the  physical  properties  of 
steel  has  given  us.  The  first  part  of  our  projected  magnetic  researches, 
referring  principally  to  long,  thin  rods,  to  annealing  temperatures  below 
500O  G.,  and  to  the  soft  state,  are  herewith  made  pablic.  The  second 
part,  on  the  behavior  of  short,  thick  rods,  and  on  the  influence  of  tem- 
peratures between  400o  and  1,00(P,  will  have  to  be  reserved  for  another 
communication.    We  may  add,  more  specifically,  that  for  the  dO  rods 

examined  in  the  present  experiments  the  ratio  of  dimensions,  a  =jy 

varied  between  or  =120  and  a  =  10.  But  the  data  in  this  chapter  eoi- 
ble  us  to  predict  the  magnetic  behavior,  even  for  magnets  in  which  the 
said  ratio  (a)  lies  below  10  or  above  120,  with  a  degree  of  probability 
amounting  almost  to  certainty.  But,  in  view  of  the  importance  of 
thick  magnets,  now  so  largely  used  in  magnetometric  and  galvaoomet- 
ric  work,  a  new  research  on  this  subject  seems  pertinent.  Similar  le- 
marks  apply  to  high  annealing  temperatures. 

We  conclude  this  paragraph  with  the  appropriate  remark  that  oor 
knowledge  of  the  excessively  complicated  phenomena  under  considera- 
tion can  be  advanced  by  tentative  methods  alone.  The  mathematical 
theory  of  the  subject,  even  in  case  of  homogeneons  material,  enooao- 
ters  formidable  and  almost  insnperable  difficnlties.  But  we  will  be 
able  to  show  in  the  sequel  that  the  condition  of  internal  structare  is 
one  of  tbe  most  essential  factors  which  determine  the  magnetic  charac- 
ter of  the  (tempered)  rod.  Again,  the  investigation  of  the  true  natare 
of  the  structural  properties  of  hard  steel  is  surrounded  with  difficolties 
which  will  long  baffle  the  experimentalist's  skill.  For  in  all  such  meth- 
ods, like  the  one  which  Fromrae  pursued  in  order  to  obtain  prelimbaiy 
data  on  the  condition  of  the  interior  of  a  steel  rod,  and  in  which  tlM 
external  layers  are  gradually  and  consecutively  removed  by  adds  or 
otherwise,  we  apprehend  that  the  rod,  for  the  very  reason  of  thiE  re- 
moval, will  change  its  physical  condition  (strain)  while  in  the  hands  of 
the  operator.  Long  before  we  reach  the  core  of  the  rod  its  density  aad 
electrical  properties  mnst  be  conceded  to  have  changed  materially. 
Nevertheless,  we  infer  that  the  structure  of  tempered  steel  is  of  a 
thoroughly  definite  and  distinct  character ;  that  this  is  emphaticall; 

^^  This  inference,  which  we  pnblished  in  the  same  form  in  1882,  has  since  been  oo^ 
roborated  by  H.  Meyer,  in  his  paper  **  Ueber  die  Magnetisirnngsf unction  von  Stahl  o. 
Nickel/^  Wied.  Ann.,  XVIII,  p.  248, 1883.  Meyer  contends  that  Thomson's  lawis  tne 
neither  for  tfoft  nor  for  hard  steel  rods. 
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demonstrated  by  beautiful  consisteucy  and  uniformity  of  our  different 
series  of  resultSi  obtained  with  diffident  steel  rods,  tempered  at  differ- 
ent times. 


ON  THE  MATERIAL   USED. 

The  steel — Tlie  steel  chosen  was  that  described  in  the  previous  chapter. 
It  was  received  in  the  shape  of  rods  30  centimeters  long  and  from  0.084 
centimeter  to  0.150  centimeter  in  diameter.  These  were  hardened  as 
shown  above  (Chap.  II,  pp.  29-^1).  Analyses  are  superfluous,  as  it  is 
our  intention  at  present  to  study  the  results  for  a  single  value  of  the 
variable  parameter,  carburation,  only ;  or,  in  other  words,  to  investigate 
the  magnetic  behavior  of  a  given  type  of  steel.  From  the  large  supply 
of  tempered  rods  such  were  chosen  as  not  only  showed  a  maximum  of 
thermo-electric  hardness  for  the  glass-hard  state,  but  also,  when  tested 
for  longitudinal  homogeneity  in  the  manner  described  in  pages  38, 121, 
gave  tbe  most  satisfactory  results. 

Rods  of  like  composition^  thicknesSy  temper. — At  the  outstart  we  were 
inclined  to  infer  that  from  rods  of  the  same  kind  of  steel  (composition), 
of  the  same  thickness,  and  tempered  in  the  same  manner — in  so  far  as 
the  details  of  this  process  are  at  the  observer's  control— comparable 
values  of  t*lie  maximum  of  magnetic  intensity  could  be  immediately  de- 
rived. For  the  purpose  of  testing  this  supposition,  rods  of  nearly  the 
same  thermo-electric  hardness  (II,  p.  65),  but  ofdifferent  lengths,  were 
broken  from  different  samples  of  the  class  of  rods  experimented  upon. 
These,  after  having  been  subjected  alike  to  the  action  of  the  same  mag- 
netic field — in  our  case  of  unnecessarily  great  intensity  and  fairly  uni- 
form— according  to  Thomson's  law  ought  to  have  retained  a  moment  per 
unit  of  mass  such  as  would  be  expressible  by  the  same  function  of  the 
ratio  of  length  to  diameter.  Moreover,  as  the  thickness  of  the  rods 
chosen  was  practically  the  same,  this  ftinction  would  have  to  increase 
to  a  certain  limiting  value,  as  the  corresponding  lengths  increased  from 
zero  indefinitely. 

These  anticipations  were,  however,  by  no  means  realized.  In  this 
place  it  will  be  well  to  add,  by  way  of  example,  such  results  as  are  par- 
ticularly applicable  for  the  illustration  of  the  consideration  just  made: 

A  magnet  4.1  centimeters  long,  0.084  centimeter  thick,  weighing 
0.173  gram,  specific  resistance  «=39.8  at  17.6  degrees,  after  saturation 
was  found  to  have  the  specific  magnetism  fii=s43.0;  whereas  another 
specimen  taken  from  a  different  rod,  the  magnet  being  only  3.05  centi- 
meters long,  0.084  centimeter  thick,  weighing  0.131  gram,  specific  re- 
sistance «=39.4  at  18.5  degrees,  after  saturation  had  retained  f}i=52.0; 
whence  it  api>ears  that  in  the  second  case,  notwithstanding  the  fact  that 
the  length  (or  ratio  of  dimensions)  was  only  about  three-fourths  of  that 
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in  the  first,  a  very  decidedly  greater  intensity  of  magnetization  was  tt- 
tainable.  This  is  hardly  referable  to  a  difEerence  of  oompositioD.  Is 
all  probability  the  result  is  to  be  associated  with  x>ecaliaritie8  of  the  in 
temal  stmctare  of  the  rods. 

The  following  example  is  still  more  to  the  point: 

A  magnet  (a)  5.0  centimeters  long,  0.084  centimeter  thick,  weighing 
0.214  gram,  of  the  specific  resistance  «=:40.4  at  18.5  degrees,  had  re- 
tained the  specific  magnetism  m=45.8;  another  taken  from  a  second 
rod  of  the  same  thickness,  the  magnet  {b)  being  5.9  centimeters  loDg^a^ 
before  0.084  centimeter  thick,  weighing  0.249  g^ram,  of  the  specific  ^^ 
sistance  «=:39.7  at  18.3  degrees,  gave,  after  satoration,  ifi=45.0. 

In  order  to  arrive  at  some  inference  as  to  the  cause  of  this  difierence 
of  magnetic  state,  both  the  magnets  last  mentioned  were  slowly  an- 
nealed, at  first  for  a  period  of  ten  hours  in  steam,  thereupon  for  an 
additional  period  of  ten  hours  in  aniline  vapor  at  185  degrees,  finallj 
for  one  hour  in  melted  lead  at  330  degrees.  After  this  both  were  soft- 
ened by  heating  to  redness  and  cooling  slowly.  For  each  of  the  par- 
ticular states  of  hardness  thus  obtained  the  Bpecific  resistance  was 
measured.  The  rods  were  then  magnetized  to  saturation  and  their 
magnetic  moment  determined.  The  results  of  the«e  precursory  experi- 
ments are  given  in  the  following  table: 


(bi 


Glans-bnrd 
lO""  in  100=  , 
10*  ill  1850. 
1*  in  330^  - . 
Soft 


sas  1 18 

35.1     20 
26.4     29 


20.1 
1&7 


20 
SO 


lie 

2i« 


From  an  inspection  of  the  table,  or  of  Fig.  15,  it  is  ob^-ious  that  at 
330O  (lead  bath)  the  magnetic  intensity  of  the  longer  magnet  (b)  has 
overtaken  that  of  (a),  but  it  is  not  until  both  magnets  are  quite  soft 
(homogeneous)  that  the  normal  behavior  fully  appears.  It  is  to  be  noted, 
however,  that  this  experiment  is  not  in  itself  perfectly  conclusive.  The 
influence  of  carburation  is  principally  efficient  in  the  glass-hard  state; 
L :  Dj  if  its  value  be  as  large  as  in  the  present  case,  less  so.  In  the  soft 
state,  however,  the  eflFect  of  L:  D  predominates.  It  would  be  possible, 
therefore,  with  due  consideration  of  the  values  of*,  to  ascribe  the  results 
obtained  to  a  difference  of  carburation  between  (a)  and  (&).  The  nearly 
equal  values  of  specific  resistance  for  the  soft  state,  especially  when 
viewed  in  the  additional  light  given. bj^  the  first  example,  make  the  lat- 
ter inference  improbable. 

Each  series  of  magnets  originally  integrant  parts  of  the  same  hard  rod.— 
The  individuality  of  behavior  of  different  rods  {i.  c,  such  as  are  uot 
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^    pieces  of  the.  same  homogeneoas  rod,  though  otherwise  identical)  ap- 
,r    pears,  therefore,  to  be  conclusively  demonstrated.^^ 
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Flo.  15.^Speciflo  magnetimi  of  rods  annealed  from  <K>  to  lOOQo. 

Results  of  this  kind — a  number  of  other  examples  might  be  cited — 
urged  the  inference  upon  us  that  only  in  the  case  where  magnets  are 
broken  from  one  and  the  same  longitudinally  homogeneous  hard  rod, 
can  comparable  and  harmonious  results  be  expected.  Add  to  this  the 
fact  that  the  frequent  reheatings  to  redness,  necessary  in  drawing  a  wire 
to  small  diameter,  imply  a  difference  of  carburation  in  different  samples, 
for  this  reason  alone.  However  insignificant  this  may  appear  to  be,  we 
were  convinced  that  its  effect,  where  accurate  results  are  called  for,  is 
by  no  means  negligible.  These  instances  are  adequate  to  give  emphasis 
to  the  statement  above  made,  that  each  rod  must  be  examined  and 
treated  separately.  Indeed,  a  better  opinion  of  the  longitudinal  homo- 
geneity  of  a  wire  can  be  formed  subsequently  from  an  inspection  of  the 
behavior  of  the  different  magnets  taken  out  of  it,  than  could  be  formed 
at  the  outset  by  the  aid  of  the  electrical  properties  of  different  parts  of 
the  rod  in  question. 

Unfortunately,  thin  (diameter  =  2/>  =  0.084  centimeter)  glass-hard 
rods,  of  the  same  hardness  tjiroughout  their  length,  out  of  which  mag- 
nets of  the  kind  desired,  having  difi'erent  values  for  the  ratio  of  dimen- 
sion {L :  D),  can  be  broken,  are  only  obtainable  with  great  difficulty. 


i^  It  is  quite  clear  that  even  tlie  details  of  the  process  of  temperiug  have  an  important 
bearing  on  the  magnetic  intensity  of  hard  rods.  A  single  rod  repeatedly  rehardened 
shows  very  marked  differences  in  the  maximum  of  permanent  magnetization  for  nom- 
inally the  same  stuto. 
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trical  conductivity  for  different  parts  of  their  lengths,  amoantingtooi 
a  few  tenths  of  one  per  cent. 


METHOD    OF   BfAGNETIZATION. 

Helix,  Magnetic  field, — ^Magnetization  was  effected  by  the  indact] 
action  of  a  galvanic  current  in  a  helix.  As  a  source  of  cnrrent  t 
Hefner- Alteneck  dynamo-electric  niachine  of  the  Physical  Institute 
Wiirzbnrg  was  at  our  disposal.  A  magnetic  field  of  very  great  intens 
could  thus  easily  be  produced,  and  discrepancies  due  to  non-satarati 
were  therefore  not  to  be  apprehended. 

The  helix  referred  to  (length  2a=22.3  centimeters,  inner  radius  r=! 
centimeters,  outer  radius  r=5.3  centimeters)  contained  ten  layers, 
each  of  which  there  were  n=55  turns  of  thick  copper  wire. 

If  a  current,  t,  circulates  through  the  helix,  the  magnetizing  force 
at  a  point  on  its  axis  at  a  distance  h  from  its  center  will  be 

• 

Tcnir       a+h  a-^b        -i 

In  our  case  the  mean  value  of  current  was 

♦=:3.0?!!^=30  Amp6res 
%ec 

If  this  value  is  introduced  into  the  formula  specified  and  the  aggi 
gate  of  the  value  of  Xj  calculated,  the  total  intensity  SX^  of  the  tsa, 
netic  field  at  dift'erent  points  h  (cm)  on  the  axis  varied  as  follows: 


b= 
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usaal  case  of  niaguets  of  lesser  leugth  much  smaller  variations  present 
themselves.  On  the  other  hand^  where  permanent  magnetism  is  alone 
of  interest  and  the  field  of  great  intensity,  the  desideratum  of  uniformity 
is  perhaps  of  minor  imi)ortance. 

The  mean  intensity  X  of  the  magnetizing  force  due  to  a  single  layer 
of  wire  and  corresponding  to  a  length  2b  (cm)  symmetrically  located 
with  respect  to  the  center  of  the  helix  is 

In  the  present  case  the  aggregate  2X  of  these  means,  or  the  mean 
intensity  of  the  field  due  to  the  whole  heliz^  corresponding  to  the  part 
2b  of  the  axis  situated  as  specified  was 
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The  largest  values  of  2X  employed  by  Buths,  for  instance,  in  his 
researches  on  temporary  magnetism,  were  ^X=40  for  iron  and  SX=zl47 
for  steel.  There  can  be  no  doubt,  therefore,  that  in  our  case  the  most 
complete  saturation  possible  was  actually  attained.  Indeed,  we  had 
frequent  occasion  to  convince  ourselves  that  successive  magnetization 
produced  no  additional  effect  equivalent  to  one  per  cent,  of  the  whole 
moment. 

Magnetization. — In  the  case  where  magnetism  is  induced  by  means  of 
a  helix,  the  question  in  reference  to  the  manner  in  which  the  magnets 
are  to  be  introduced  and  withdrawn  from  its  action  is  always  of  import- 
ance. Some  observers,  among  them  J.  Wiedemann  and  G.  Fromme, 
placed  their  magnets  in  the  helix  after  the  current  had  been  closed  and 
withdrew  them  before  breaking  it.  In  this  way  the  complications  due 
to  certain  undesirable  induced  currents  are  avoided.  At  the  same  time, 
however,  the  advantages  of  a  uniform  field  are  lost  and  a  normal  distri> 
bution  of  magnetism  i>ossibly  interfered  with.  For  the  last  mentioned 
reasons,  Holz  and  Fromme  preferred  to  open  and  close  the  current  while 
the  rod  to  be  magnetized  lay  in  place.  Both  methods  have  been  made 
the  subject  of  an  experimental  comparison  by  Fromme.^ 

We  gave  preference  to  neither  of  these  methods,  but  chose  a  plan 
which,  under  the  circumstances,  was  also  the  most  convenient.  It  con- 
sisted in  allowing  the  current  to  increase  from  zero  to  its  maximum  value 
gradually  and  then  again  to  wane  in  the  same  manner.  This  may  be 
satisfactorily  accomplished  by  appropriately  applying  the  power  to  the 
dynamo-electric  machine.  We  think  we  are  justified  in  the  belief  that 
in  this  way  the  permanent  magnetic  moment  is  finally  weakened  only 
to  a  negligible  extent,  at  least  to  a  smaller  amount  than  in  either  of  the 
other  methods. 


»-^  C.  Froiuiue,  Wied.  Auii.,  V,  p.  345,  lo78. 
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Apparatus. — The  magnetic  moments  of  the  wires  were  derived  fn 
the  deflection  of  a  small  magnetized  steel  mirror,  observed  after  i 
manner  of  Poggendorf  with  telescope  and  scsale.  We  made  ose  of  i 
appliance  due  to  Professor  Eohlrausch,  by  means  of  wbich  Uie  attacb 
magnets  could  always  again  be  brought  into  the  same  position  relatin 
to  the  mirror,  and  rotated  180^  around  the  vertical.  Both  the  first  ii 
the  second  method  of  Gauss  were  applied. 

The  apparatus  consisted  of  a  solid  brass  ring  provided  with  levefi 
screws,  from  which  two  vertical  columns  of  the  same  metal  arose  si 
portmg  a  circle  graduated  in  degrees.  An  alhidade,  with  two  t 
niers,  resting  on  conical  bearings,  occupied  a  central  position  withiDt 
latter.  A  horizontal  brass  bar,  in  connection  with  the  middle  of  t 
alhidade,  and  adjustable  with  reference  to  the  vertical,  carried  on 
lower  edge  the  special  device  above  referred  to,  by  the  aid  of  wbi 
the  magnets  were  appropriately  fastened  in  position.  This  appara( 
was  fixed  in  place  and  adjusted  at  the  outset,  and  the  distance  I 
tween  the  axis  and  that  of  the  needle  determined  once  for  alL  In  tl 
way  the  relative  values  of  the  moments  of  our  magnets  (and  it  is  fn 
these  that  the  results  of  the  present  paper  are  principally  deduced)  i 
independent  of  discrepancies  introduced  by  errors  in  the  determinati 
of  the  distance  between  magnet  and  mirror. 

Method. — In  calculating  the  results  we  made  use  of  the  ordina 
formula 


for  the  first,  and 


lf= 


f^  T  tang  (p 
P 
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flection,  I  the  distance  between  the  poles.  We  assumed  ir^O.85  L  where 
L  is  the  length  of  the  magnet.  This  approximation  is  sufficient  because 
the  term  of  the  above  formulae  involving  I  is  only  of  the  nature  of  a 
correction. 

The  measurements  were  made  at  ordinary  temperatures,  varying  be- 
tween 18^  and  21^.  The  effects  of  the  changes  in  the  magnetic  moment, 
as  well  as  those  due  to  variation  of  terrestrial  magnetism,  we  regarded 
negligible.  This  is  also  true  with  reference  to  the  topsioual  discrepancy 
of  the  silk  fiber  (the  torsion-coefficient  was  found  to  be  only  0.00032). 

In  addition  to  the  magnetic  moment  M  of  the  whole  rod  we  shall  give 
throughout  the  moment  m  per  unit  of  mass  (1  g.).  To  this  quantity 
the  name  specific  magrietism  has  been  given.  In  the  case  where  a  num> 
ber  of  different  magnets  are  compared  it  is  a  more  perspicuous  result 
than  the  former. 


DETERMINATION  OF  THE  DEGREE  OF  HARDNESS. 

Resistance  measurement. — Of  the  two  methods  of  estimating  the  hard- 
ness of  the  rods  proposed  in  Chapter  II,  one  of  which  depends  upon 
thermoelectric  properties,  the  other  uijon  the  specific  resistance  of 
steel,  we  chose  the  latter  because  of  its  greater  simplicity.  Here  again 
it  was  our  object,  primarily,  to  arrive  at  accurate  relative  values,  and 
this  we  were  able  to  accomx)lish  satisfactorily  by  the  aid  of  Matthiessen 
and  Dockiu's  modification  of  the  bridge.  In  one  of  the  branches  of 
Wheatstone's  combination,  the  bridge  cylinder  of  F.  Kohlrausc^h  (dia- 
gramatically  represented  in  Fig.  16  by  the  straight  line  AB)  was  in- 
serted; in  the  other  the  steel  wire  A  A» 
whose  resistance  is  to  be  measured,  and 
a  tenth  Siemens  unit  Z3Z4,  the  whole  being 
appropriately  connected  with  thick  cop- 
per wire.  Flat  clamp-screws  of  brass 
|)ressed  the  steel  rod  down  firmly  upon  a 
])lane  surface.  In  this  way  the  danger  of  V^ 
breaking  the  very  brittle  magnets  was  less 

seriously  to  be  apprehended.  The  normal  ^^^  ic._Di«po.itinn  of  npTTratu.  for «. 
Z3Z4  was  made  of  heavy  German  silver  wire  «i»uuice  niea»aremciit. 

soldered  to  thick  terminals.  These  were  amalgamated  and  in  gal- 
vanic connection  with  the  bridge  by  means  of  mercury.  From  the 
points  A  and  B  the  copper-connecting  wires  lead  to  a  galvanometer, 
the  deflections  of  which  are  observed  with  telescope  and  scale.  As  a 
source  of  current  two  Smee  elements  were  found  sufficient. 

In  figure  16,  if  the  points  i>i,  2>2t  -^j?  ^*  correspond  to  the  points  Jl/i, 
M2y  ifa,  Mij  iu  such  a  way  that  when  connected  respectively  with  the 
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terminal  of  the  battery,  the  current  in  the  galvanometer  (8)  is  zeiOjit 
have 

To  obtain  the  points  of  contact  Dj  and  A,  we  made  use  of  two  steel 
needles,  the  points  of  which  had  been  flattened  wed^e-shaped.  Tbei»e 
were  fastened  parallel  to  each  other,  and  at  a  fixed  distance  apart,  in  a 
small  piece  of  wood.  To  their  tops  the  ends  of  two  long  thin  coppe 
wires  were  soldered.  This  arrangement,  after  having  been  screwed  to 
a  longer  r"-6haped  piece  of  wood,  along  which  the  copper  wires  were 
led,  represented  as  a  whole  a  kind  of  tripod,  two  of  the  feet  being  the 
steel  needles  mentioned.  Daring  the  measurements  the  latter  Btood 
on  the  steel  rod  to  be  tested.  Small  clamp-screws  served  for  connect- 
ing  the  battery-wires  with  the  terminals  of  this  apparatus,  these  hmg 
sufficiently  long  and  thin  that  the  successive  clamping  and  unclamping 
did  not  interfere  with  the  adjastment  in  such  a  way  as  to  slide  the 
points  Di,  D%  along  the  steel  rod,  for  instance. 

This  simple  contrivance,  which  is  easily  improvised,  gave  as  results 
of  the  most  satisfactory  kind.  Our  resistances  were  rarely  larger  thaa 
a  few  handredths  ohm.  Nevertheless  they  were  determinable  with  an 
accuracy  of  a  few  tenths  per  cent,  with  certainty.  Our  mirror- gakan- 
ometer  enabled  us  to  adjust  the  sliding  contact  on  the  bridgecyUnder 
of  Koblranseh  to  -jV  a  scale- part,  or  titJut  of  the  length  of  the  wire  i, 
B.  In  virtue  of  a  fixed  distance  l>i>  ^z — ^^^  possessed  a  number  of  these 
arrangements  to  be  used  according  as  a  larger  or  a  smaller  wire  was  to 
be  operated  upon — in  view  of  the  stability  of  the  apparatus  as  a  whole, 
and  of  the  fact  that  all  operations  were  conducted  in  a  room  of  prac- 
tically constant  temperature,  an  unusual  accuracy  in  the  relative  data 
was  attained. 

It  is  obvious  that  this  method  is  applicable  at  once  a«  a  test  for  the 
degree  of  uniformity  of  hardness  along  the  length  of  the  wire.  By 
placing  the  contrivance  just  described  on  different  consecutive  leo^s 
without  making  any  further  alteration  in  the  adjustments,  the  respect« 
ive  resistances  of  these  parts  could  be  Eubjected  to  a  minute  comparison. 
This  furnishes  us  with  the  criterion  desired. 

Great  difficulties  were  encountered  in  the  measurement  of  the 
sections  of  the  steel  wires.  We  determined  the  diameter  microscopic- 
ally, with  the  aid  of  an  ocular  micrometer  of  known  factor.  Two  read- 
ings, corresponding  to  diameters  at  right  angles  to  each  other,  each 
pair  taken  at  a  number  of  different,  approximately  equidistant  parts  of 
the  wires  were  made.  The  mean  of  these  individual  values  was  accepted. 
This  plan  was  fairly  good  in  so  far  as  the  error  made  in  the  measurement 
of  the  sections  does  not  influence  the  relative  values  of  resistance. 

From  the  observed  resistance  of  any  wire  at  t  degrees,  the  value  of  this 
quantity  per  meter,  in  ohms  («(?),  was  calculated.  A  knowledge  of  the  tem 
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porature-coefSdents  of  steol^  then  enabled  as  to  deduce  herefrom  the  spe- 
cific resistance  (resistance  in  microhms  between  opposite  faces  of  a  cubic 

centimeter)  for  the  temperature  O^.    This  value,  s  (^^  (P  microhmj, 

has  been  adopted  as  a  measure.of  hardness. 

From  «,  the  thermo-electric  hardness  of  our  wires  may  be  calculated 
by  the  aid  of  the  formula 

A=:0  .412  s 

In  this  way  the  present  scale  of  hardness  is  made  identical  with  that 
previously  employed  in  our  work  on  the  phenomena  of  annealing.  The 
data  h  are  therefore  proportional  to  the  specific  resistances  of  the  steel 
rods  and  have  a  very  simple  connection  with  the  respective  thermo- 
electric constants  a,  as  has  been  shown  elsewhere.^ 


IfETHOD    OF  ANNEALING. 

• 

Systemaiic  plan, — ^lu  the  different  series  of  experiments  the  glass- 
hard  state  was  chosen  as  the  point  of  departure.  After  the  rods  had 
been  examined  with  reference  to  their  hardness  in  the  way  described, 
they  were  magnetized  to  saturation  and  their  magnetic  moment  de- 
termined. Thereupon  we  exposed  them  to  the  annealing  e£fect  of  steam 
at  10(K>.  A  sufficiently  small  decrement  of  hardness  resulted  by  contiu- 
uiugtheoperationforone  hour  at  first,and  then  foradditional  two, three, 
and  four  hours,  amounting  in  the  aggregate  to  ten  hours  of  exposure. 
This  is  sufficient  to  bring  the  rod  as  near  the  limiting  state,  or  the  maxi- 
mum of  permanent  hardness  corresponding  to  100^  as  is  easily  practi- 
cable. 

The  magnets  were  now  subjected  to  the  action  of  aniline  vapor  at 
ISS'^,  during  successive  intervals  of  twenty  minutes,  forty  minutes,  two, 
four,  and  finally  six  hours. 

A  lead  bath  at  330^  was  next  chosen.  A  t  first  the  magnets  were  an- 
nealed therein  for  a  time  of  one  minute  only.  Then  the  action  was  pro- 
longed to  one  hour.  In  the  later  experiments  the  melting  point  of  tin 
(240^)  as  well  as  that  of  zinc  (42(P)  were  found  serviceable  as. temper- 
atures of  annealiug. 

Finally  the  rods  were  thoroughly  softened  in  the  usual  way,  by  heat- 
ing  to  redness  and  cooling  very  slowly.  To  avoid  oxidation  of  the  mag- 
nets we  imbedded  them  in  pulverized  artificial  ferro-ferric  oxide,  sur- 
rounded this  with  fire-clay,  and  finally  enveloped  the  whole  with  a 
piece  of  gas-pipe. 

In  this  way  we  obtained  about  twelve  distinct  states  of  hardness,  dis- 
tributed with  fair  uniformity  between  the  glass  liurd  aud  soft  stiites,  a^ 


»«  Cf.  Chapter  L  »«^Chapt«r  II,  p.  63. 
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extremes.  It  is  only  between  the  soft  condition  and  tbat  corresponding 
to  the  temperature  300^  of  the  annealing  bath  that  a  greater  number  of 
degrees  of  hardness,  as  our  results  eventually  showed,  would  have  been 
desirable.  Particularly  in  the  case  of  long  magnets  there  appear  witbin 
this  interval  changes  of  magnetic  capacity  of  a  very  significant  character, 
changes,  moreover,  which  cannot  be  satisfactorily  supplied  by  a  process 
of  interpolation  based  on  the  data  for  neighboring  states. 

Alter  the  magnets  had  been  taken  out  of  the  annealing  bath  it  was 
our  custom  to  put  them  aside  for  some  time  in  order  to  allow  a  complete 
cessation  of  possible  "after"  effects.  Thereupon  the  test  for  hardness 
was  applied. 

Eesults  of  the  annealing. — The  progress  of  annealing  in  the  different 
experiments  is  fully  given  in  the  following  tables: 

Table  47.— r*tii  mre. 
[2p=0.084  centimeter.] 


Description  of  temper. 


Speoiflo  resistance  *^  (P  microhnt. 

cm* 


Glass-hard 

Annealed  1  hoar  in  steam  at  lOO^^  

Annealed  3  hours  in  stenm  at  lOuo 

Annealed  6  bourA  in  steam  at  100°   

Annealed  10  boui-s  in  steam  at  lOO^ 

Annealed  20  minutes  in  aniline  vapor  at  185° 

Annealed  1  hour  in  aniline  vapor  at  185^ 

Annealed  8  hoars  in  aniline  vapor  at  185o  — 
Annealed  7  hours  in  aniline  vapor  at  185°  ... 
Annealed  13  hoars  in  aniline  vapor  at  185°. . 
Annealed  1  minute  iu  melting  lead  at  330°  . . 

Annealed  1  hour  io  melting  lead  at  830° 

Annealed  at  red  heat  (soft) 


Table  48.--ThicJc  wire. 


[2p=0.16  centimeter.] 


Description  of  temper. 


Glass-bard 

Annealed  1  hour  in  steam  at  100°   

Annealed  3  hours  in  steam  at  1<)0° 

Annealed  6  hours  in  steam  at  1 0U°    

Annealed  10  hours  in  Hteam  at  1U0° 

Anneale<l  20  minutes  in  aniliDO  vapor  at  185° 

Annealed  1  hour  in  aniline  vapor  at  185° 

Annealed  3  hours  in  aniline  vapor  at  185°  .. . 
Annealed  7  hours  in  an^ine  vapor  at  185°  . . . 
Annealed  13  hours  in  aniline  vapor  at  185^... 
Annealed  10  minutes  in  melting  tin  at  24(i°  . . 
Annealed  1  minute  in  nieltintr  lead  at  330°  ... 

Anneale<l  1  hour  in  mel  ting  zinc  at  420° 

Annealed  at  red  heat  (soft) 


cm 


Specific  resistance  ^^=.  0°  microhm. 

cm' 


Rod  IX. 

•     HcdX 

Bod  XT. 

BodXU. 

47.2 

46.8 

43.A 

43.5 

42.0 

41.7 

38.6 

3&4 

39.6 

89.8 

36.5        ! 

3a2 

38.2 

38.0 

35.1 

34.9 

87.4 

37.1 

84.3 

34.0 

31.5 

31.4 

29.0 

28.7 

291? 

29.6 

27.5 

27.3 

27.9 

27.7 

25.6 

25.5 

26.2 

26.0 

24.2 

2i9 

24.8 

24.6 

22.9 

22.7 

24.0 

23.8 

22.2 

22.0 

20.3 

20.1 

19.0 

18.7 

17.6 

17.2 

16.2 

16  0 

15.7 

15.6 

14.9 

14.9 
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lu  bow  far  we  are  justified  in  regarding  the  scale  of  hardness  for  rods 
in  the  magnetized  state  as  ca'terU  paribus  identical  with  the  scale  corres- 
jionding  to  the  unmagnetized  state  has  been  fully  discussed  in  the  pre- 
vious chapter  on  the  thermo-electric  effect  of  magnetization.^** 


MAGNETIC   RESULTS   FOR   RODS   OF   LARGE   DIMENSION-RATIO. 

Description  of  magnets. — The  results  of  the  experiments,  the  plan  of 
which  has  been  fully  detailed  in  the  preceding  paragraphs,  are  given  in 
the  following  tables. 

•  The  first  experiments  were  made  with  wire  of  smaller  diameter. 
Breaking  rod  No.  I  into  three  parts,  we  obtained  the  magnets  Nos.  1, 2, 
3 ;  and,  similarly,  the  magnets  Nos.  6, 9, 10,  from  rod  No.  II.  Accident- 
ally, the  longest  of  these,  No.  10,  :luring  the  course  of  the  experiments, 
was  further  broken  into  parts,  which,  however,  in  their  turn,  were  avail- 
able for  magnets.  Nos.  5, 7, 8  were  thus  obtained.  All  magnets  are  num- 
bered in  the  order  of  their  respective  lengths.  The  following  table  (49) 
contains  certain  important  physical  constants  of  the  ten  rods.  We 
measured  their  dimensions  first  while  they  were  in  the  glass-hard  state; 
then  after  the  various  stages  of  annealing;  finally,  before  and  after 
thorough  annealing  at  red  heat.  In  this  way  we  were  able  to  arrive  at 
numerical  data  for  the  simultaneous  volume-contraction  with  some  accu- 
racy. Mean  values  are  given  in  the  tables.  In  calculating  the  specific 
gravity,  J,  from  the  mass  and  dimensions  of  the  individual  rods,  our 
main  object  was  that  of  checking  the  measurement.  In  view  of  the 
small  diameter,  J  will  not  be  correct  within  1  per  cent. 

Tablb  49. — Constants  of  magnets. 


Bod 
2  p  om,  A 


'    Maffnet 
No. 


I. 
2  p=0.0M38  cm. 
A =7.70 


n. 

2  ps0.0e31  cm 


Dim.  ratio. 

a 


23.9 
48.4 
60.8 
•4.3 

r  10.0 
36.5 

66.8 

6at 

110.5 
145.1 


The  degree  of  homogeneity  of  these  rods  may  be  satisfactorily  inferred 
from  the  data  for  8,  In  the  case  of  Nos.  I,  5,  6,  the  method  for  the 
measurement  of  resistance  could  not  readily  be  applied,  the  rods  being 
too  short.    We,  therefore,  preferred  to  accept  in  place  of  such  direct 


i»  Wied.  Ann.,  XIV,  p.  54,  18dl.    Cf.  W.  Beetz,  Pogg.  Ann.,  CXXYIII,  p.  193, 1866. 
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results,  tbe  values  dedacible  by  iDteri>olation  froiD  those  obtained  fra 
rods  of  like  origin.  Data  of  this  kind  are,  however,  distingni^edii 
the  next  table  bj  an  asterisk  (*)  preceding  the  numbers. 

Magnetic  data. — ^Tbe  magnetic  measnreoients  were  made  in  theaeesBi 
lK>sition  of  Gaass.  The  numerical  values  of  tlie  constants  ooeoningii 
the  fonnulse — 


7^ 


are  as  follows: 


iM 


T=0,19fr-*<^  r=:26^cm  JBr=r207.4cm 

The  results  of  the  magnetic  measurements  are  these : 

Tablk  ^,— Relation  between  ike  magneUe  eonetmUe  of  &teel  amd 

1.  Ma^m^ttintJUgllatt-lmrdBtmU, 


KmI. 

Ma^et 

« 

Wlm 

t 

cm* 

n 

M 

1 
( 

«Am. 

oC. 

microhm. 

C9t%^ 

mbe.B. 

^I 

' 

24 

•0.726 

•18.2 

•38.5 

1.34 

2.89 

31? 

I... J 

48 

0.734 

17.6 

8&8 

a.  46 

7.41 

&• 

70 

0.727 

1&3 

38.6 

5.28 

11.20 

til 

t 

94 

0.716 

18.7 

3&1  , 

7.68 

1C06 

17.1 

( 

86 

•0.719 

*1&6 

•37.  3  i 

2.56 

&5« 

At 

n...J 

120 

a723 

lae 

37.5  1 

10.77  f 

22.11 

Sii 

( 

10 

146 

0.714 

1&5 

37.1  1 

i 

13w78  ■ 

t 

27.65 

&l 

2.  Xoffnett  atmeaUd  1  hour  in  «team. 


' 

24 

•0.687 

♦1R4 

♦36.3 

1.33 

2.85  , 

313 

I... 

48 

0.095 

ia2 

36.7 

3.38 

7.23  1 

HC 

70 

0.688 

18.4 

36l4 

5.19 

11.01 

443 

t 

94 

a  679 

18.6 

35.0 

7.51 

15l70 

1 

4&S 

( 

36 

•0.670 

•ia6 

•34.7 

2.53 

s.u\ 

ai 

n...J 

120 

0.673 

18.6 

84.8 

10.61 

2L78  , 

SS.i 

t 

10 

.    145 

0.607 

18.6 

34.6 

13.53 

27.15 

Rl 

3.  Magnett  annealed  3  htyun  in  tteam. 


f 

1 

24 

•0.662 

•20.1 

•34.8 

1.30 

2.80 

!              Jt7 

I..J 

2 

48 

0.669 

20.0 

35.1 

8.30 

7.06  1             4U 

8 

70 

0.665 

20.2 

84.9 

&08 

10.78 

1             ^^ 

. 

4 

94 

0.653 

20.2 

84.4 

7.41 

15.49 

!              4(3 

( 

6 

86 

•0.641 

•20.1 

•33.0 

2.50 

5l36 

US 

n...f 

9 

120 

0.644 

20.2 

33.2 

10.41 

21.38 

5Lf 

J 

10 

145 

0.638 

20.1 

32.9 

18.29 

2&67 

513 

4.  Magnett  annealed  6  houre  in  tteam. 


f 

1 

24 

•0.M8 

•21.1 

•33.9 

L28 

2.76 

m 

I... 

2 

48 

0.654 

20.9 

84.2 

3.23 

6.91 

441 

8 

70 

0.661 

21.3 

341 

500 

Ia60 

43.7 

I 

4 

94 

0.638 

21.2 

83.5 

7.29 

15.24 

4Sl4 

(          ^ 

86 

•0.626 

•21.0 

•82.2 

2.47 

5.31  1 

e« 

n...^         9 

120 

0.630 

21.0 

32.3 

10.22 

20.98 

S4I 

(              10 

145 

0.623 

21.0 

82.1 

13.05 

26.19  1 

1 

SIS 

(718) 
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y.     Table  iO. — Belaiions  betveen  (he  magnetic  constants  of  steel  and  hardness — Continued. 
'i:  5.  MagngtM  anfMOIed  10  hovrs  in  steam. 


Kod. 

Magnet 
Ko. 

« 

irim 

t 

n 

If 

m 

ekm. 

OC. 

fiMoroAivi. 

CII*'. 

abs.E. 

abs.B. 

f 

1 

24 

♦0.«87 

*20.1 

*83.4 

1.28 

2.75 

82.1 

I..-.<j 

2 

43 

0.645 

20.2 

83.7 

8.24 

6.03 

40.2 

3 

70 

0.640 

20.1 

83.6 

5.00 

10.60 

4^7 

I 

4 

M 

0.627 

20.0 

88.0 

7.80 

lSi25 

45.4 

' 

5 

20 

•0.614 

♦20.1 

•31.6 

0.98 

2.01 

29.6 

6 

86 

•0.  C14 

•20.1 

*31.6 

2.42 

5.10 

41.1 

II.-..-| 

7 

67 

a  614 

20.2 

31.6 

4.28 

9.13 

46.4 

8 

08 

0.612 

20.3 

81.4 

5.80 

11.20 

47.8 

' 

9 

120 

0.617 

19.8 

81.7 

10.26 

21.06 

51.0 

6.  Magnets  ann«€Usd2fi  minutes  in  aniUne  vapor. 


( 

1 

24 

•0.566 

•20.1 

•29.5 

1.28 

2.76 

82.2 

I.... 

2 

48 

0.672 

20.1 

29.7 

8.45 

7.38 

42.8 

8 

70 

0.668 

20.1 

29.6 

5.38 

11.41 

45.9 

I 

4 

94 

0.559 

20  1 

29.2 

7.85 

16.41 

48.9 

• 

5 

20 

•0.536 

•20.0 

•27.4 

0.92 

1.96 

29.1 

6 

86 

•a  536 

•20.0 

•27.4 

2.66 

5.51 

43.6 

II.... i 

7 

57 

0.534 

20.0 

27.8 

4.51 

9.62 

48.9 

I 

8 

68 

0.536 

'     20.0 

27.4 

5.69 

12.12 

51.8 

9 

120 

0.539 

20.0 

27.5 

11.05 

22.09 

55.0 

7.  Magnets  anneaied  1  hour  in  anUitu  vapor. 


' 

1 

24 

-0.545 

•lao 

•28.4 

1.36 

2.93 

84.1 

!....< 

2 

48 

0.550 

19.0 

2a7 

3.63 

7.77 

45.1 

8 

70 

0.546 

19.0 

2a  5 

6.64 

11.96 

4ai 

. 

4 

94 

0.538 

18.8 

28.1 

a27 

17.29 

51.5 

' 

5 

20 

♦0. 514 

•1818 

•26.8 

0.94 

2.04 

30.0 

6 

86 

•0. 514 

•ia8 

•26.8 

2.68 

5.75 

45.6 

n....  \ 

7 

67 

a  515 

•      19.0 

2&4 

4.75 

10.14 

51.5 

8 

68 

0.512 

19.0 

2a2 

6.96 

12.69 

63.7 

' 

9 

120 

0.514 

1&5 

26.3 

11.66 

23.94 

5ao 

8.  Magnets  annealed  Zhoun  in  aniline  vapor. 


I 

1 

24 

•0.620 

•ia9 

•27.1 

1.44 

ao9 

8a  1 

2 

48 

0.523 

ia8 

27.2 

a  93 

a  41 

4a  8 

3 

70 

0.523 

ia9 

27.3 

an 

iao8 

5'J.6 

4 

94 

0.514 

19.0 

2a8 

a99 

laso 

5a  0 

f 

5 

20 

•a  488 

•las 

•24.9 

1.00 

2.16 

81.8 

6 

86 

•0.488 

•ia8 

•24.9 

2.90 

a23 

49.3 

u....i 

7 

67 

0.487 

ia7 

24.9 

a  16 

11.01 

55.9 

■ 

8 

68 

0.486 

ia8 

84.8 

a46 

ia76 

5a  2 

9 

120 

0.490 

19.0 

24.9 

12.68 

2a  03 

oai 

9.  Magnetecmnealed'!  hewrs-inaniUne  vapor. 


f 

1 

24 

•a  500 

•sao 

•25.9 

1.51 

a25 

87.9 

I..«.  * 

2 

48 

a  508 

20.0 

2ai 

4.29 

9.19 

58.3 

8 

70 

a502 

2ao 

2ao 

a72 

14.26 

57.8 

1 

4 

94 

a  495 

2ao 

25.7 

a89 

2a  67 

61.6 

• 

6 

20 

•0.466 

•2ao 

•2a7 

1.09 

2.86 

84.7 

6 

86 

•0.466 

•2ao 

♦217 

an 

a69 

5ao 

II....' 

7 

67 

a465 

2ao 

28.6 

a  63 

12.02 

61.0 

8 

68 

a467 

20.0 

23.7 

7.11 

iai4 

64.0 

' 

9 

120 

a467 

2ao 

28.7 

ia88 

2a  60 

69.0 

(719) 


f. 

i 


It      t 

If 


ifr 


1  ■ 

> 


«.l 


I 


■ 

i 

i 
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Table  50. — Itelations  heticeen  the  magnetic  cousianti  of  stvel  and  hardness — ContiDued. 

10.  Magiuia  annealed  13  hourg  in  aniline  vapor. 


Bod. 


MacDot 
No. 


n...."! 


1 
2 
3 
4 

5 
6 

7 
8 
0 


Trim 


cm 
cm* 


24 
48 
70 
04 

20 
36 
57 
68 
120 


ohm. 
*0.483 
0.483 
0.485 

0.480 

•0. 440 

*0. 449 

0.445 

0.449 

0.454 


•19.9 
19.9 
10.9 
19.9  I 

*19.9  ■ 

•19.9 

19.8 

19.0 

20.0 


microhm. 

*25.0 

21.9 

25.1 

24.0 

•22.8 
*22.  8 


22.6 
22.7 
23.0 


11.  Magnets  anrualed  1  minute  in  malting  lead. 


f 

t 

1 

24 

•0.307 

•18. 6  , 

•20.4 

1.57 

3.38 

.    314 

I.... 

2 

48 

0.390 

18.4 

20.6 

6.68 

12.  16 

Tti 

3 

70 

0.397 

18.7 

20.4 

9.44 

20.02 

dfi.5 

. 

4 

04 

0.394 

18w7  ■ 

20.3 

14.06 

29.40  ; 

«:.« 

' 

6 

20 

♦0. 374 

•las 

♦18.9 

0.09 

115 

J1.5 

6 

36 

•0.374 

M8.5 

M8.9 

3.58 

7.6« 

619 

II.... i 

7 

67 

0.374 

18.5  ' 

18.9 

7.25 

15.47 

:?.5 

1 

8 

68 

0.373 

ia7  . 

18.8 

9.32 

10.85 

«.« 

I 

0 

120 

0.375 

18.4 

18.9 

18.91 

38.82  : 

Ml 

12.  MagneU  annealed  1  hour  in  m^\ng  lead. 


r 

1 

24 

•0.367 

•18.8 

•18.8 

1.45 

3.11 

313 

i....i 

2 

48 

0.  r,70 

18.8 

18.9 

5.06 

12.76 

7id 

3 

70 

0.367 

]a8 

18.8 

10.13 

2L48 

fi&4 

I 

4 

04 

0.365 

18.7 

16.7 

15.27 

31.92 

S5.2 

II....N 

5 

20 

•0. 346 

•1&8 

•17.4 

0.04 

2.03 

9S 

6 

86 

•0.346 

•18.8 

•  •n.  4 

3.89 

7.71 

6(1 

7 

57 

0.  345 

18.8 

17.4 

7.62 

16.25 

fi.'i 

1 

8 

68 

0.345 

las 

17.3 

9.06 

21.22 

g98 

I 

9 

120 

0.348 

18.7 

17.5 

20.62 

42.34 

1(C« 

13.  Magnet*  annealed  at  red  Aea(  (soft). 


( 

1 

24 

•0.302 

•15.1 

•1.^7 

0.82 

0.60 

M 

I.... 

2 

48 

0.310 

18.2 

15.7 

2.57 

5.70 

3L» 

8 

70 

0.308 

1A2 

15.7 

&21 

13.18 

510 

I 

4 

04 

0.299 

9.0 

15.6 

10.85 

22.68 

67.4 

' 

5 

20 

•0.288 

•15.4 

•14.6 

0.31 

0.25 

i: 

6 

86 

•0.288 

•15.4 

•14.6 

1.80 

2.00 

a; 

n....] 

7 

67 

0.  292 

18.3 

•     14.6 

4.22 

0.00 

4i: 

8 

68 

0.292 

18.3 

14.6 

6.07 

12.03 

5i7 

• 

0 

120 

0.279 

0.6 

14.5 

16.23 

33.55 

j»t7 

I 

j 


RESULTS   WITH   RODS    OF    SMALLER    DIMENSIONAL.    RATIO. 

Description  of  magnets, — The  ro(Ls  used  in  the  present  experiments 
dilier  from  tbe  others  principally  in  two  respects :  in  the  first  i)lace,  the 
maximum  of  attainable  hardness  is  here  of  mach  larger  valae  than  in 

(720) 
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,  =  47.5  (^ 


^»  the  earlier  work;  in  the  second,  the  degree  of  longitudinal  homoge- 
9     neity  in  the  glass-hard  state  (and  we  may  accept  this  as  a  fair  evi- 
—  deuce  of  stmctoral  nniformity  throughout  the  chosen  lengths)  for  sur- 
passes that  hitherto  obtained*    Hardness  was  carried  even  as  far  as 

)i» 
..     In  consequence  of  the  exceptional  hom- 
ogeneity mentioned,  we  find  that  the  magnetic  data  are  in  excellent  ac- 
cordance. 

With  the  object  of  arriving  at  corroborative  results,  two  pairs  of  wires 
of  approximately  identical  degrees  of  galvanic  hardness  were  selected. 
These  are  numbered  IX,  X,  and  XI,  XII.'^  Each  of  these  was  broken 
into  magnets  such  that  the  dimension-ratios  a  =  10,  20, 30,  40, 50,  ob. 
tained.'^^  Certain  important  physical  constants  of  these  20  magnets, 
Nos.  21  to  40,  have  for  convenience  of  reference  here  been  tabulated. 
The  remarks  which  precede  Table  49  apply  to  Table  61. 

Table  51 . — ComtanU  of  magnett. 


Bod 

Spcm,  A 


>^{^:iJ^i 


5  ?p-0. 149  I 
\  A-7.58  5 


Masnet 
Ko. 


XI 


<  2p«0. 148 1 
I  A=7.70  5 


^«{^:?:ilM 


31 
S2 
23 
24 
2& 

26 

r 

28 
a9 
80 

81 
88 
83 
84 
86 


87 
88 
88 
40 


9 

V.184 
a  372 
0.570 
a  704 
0.058 

0.104 
a386 
0.S03 
0.780 

aooe 

0.104 
0.401 
a  578 

a70o 

a079 

a208 
0.418 
0.084 
0.827 
L040 


Length 


1.45 
2.04 
4.50 
0.r4 
7.63 

1.40 
2.02 
4.49 
6.90 
7.66 

1.47 
&01 
4.88 
6.00 
7.38 

1.51 
8.08 
4.62 
6.04 
7.58 


Dim.  ratio 


0.9 

2ao 

80.6 
41.1 
61.2 

9.8 
19.6 
30.1 
40.2 
60.7 

9.6 
20.? 
29.2 
40.5 
40.8 

10.0 
20.1 
80.6 
40.0 
60.2 


Homogeneity. — The  criterion  for  homogeneity  was  applied  in  the  man- 
ner described  in  p.  121  by  carefully  examining  the  rod  under  experiment 
with  reference  to  the  electrical  resistance  of  the  parts  between  six  equi- 
distant points,  about  5  centimeters  apart.    We  believe  it  expedient  to 

i»Tbe  maximum  hardnoso  obeerved  with  the  older  material  was  «= 0.48  Siemens 
unite  at  VP,  therefore  about «ss44.5  (^0° microhm).    Ct  Wied.  Ann.,  xi,  p.  945, 

1880. 

130  The  rods  III  to  IX  and  the  magnets  Nos.  11  to  S20  are  discussed  in  the  following 
chapter. 

"*  Of  course  this  can  only  be  done  approximately.  It  is  not  easy  to  break  a  glass- 
hard  rod  accurately  at  a  given  point. 

BuU.  14 9  (721)  •     • 


>  •- 


I 


v, 


i  '• 
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take  the  present  opportunity  of  commaDicatiDg  some  of  these  resolts 
by  way  of  example.  Table  52  contains  (colamns  2  to  5)  the  readiui^s 
immediately  taken  from  a  Kohlrausch  bridge.  The  measnring  vire 
of  this  had  been  previoasly  calibrated,  with  dae  allowance  for  tlie 
small  corrections  thns  resulting.  Column  1  shows  which  of  the  con- 
secutive lengths  (5.07  centimeters)  of  the  steel  rod  corresponds  to  the 
given  bridge  reading,  and  the  portion  of  the  bridge- wire  equivalent  to 
0.1  Siemens  unit.  Herefrom  the  absolute  resistances  (ohms)  of  tbe 
steel  rods  per  5.07  centimeters  at  t^  are  calculated,  and  the  valoes 
jBfiven  in  columns  6  to  9.  In  view  of  these  very  satisfactoiy  results,  ve 
were  justified  in  simplifying  the  subsequent  work  by  testing  the  homo- 
geneity of  the  fjur  longest  magnets  only. 


Bridge  raading;  soale  parti. 

Sasictaiioe  pez  length  S.  07  em. 
(abm). 

IX. 

X. 

XL 

XTT. 

rc 

X. 

XL 

-xn. 

0.017 
0.026 

ao3S 

0.087 

ao4o 

0.088 

0.013 

0.085 
0.083 

aos5 
aoes 

a  085 

a  013 

0.011 
0.009 
0.011 
0.016 
0.010 

a  012 

0.064 
0.054 
0l056 
0.0S8 
0.058 

I 

2 

9 

4 
6 

0.1 8.  IT. 

«= 

70.1 
70.4 
70lO 
70.8 
70.7 

468.1 

10l8 

OOLO 
08.0 
M.0 
08.9 
00.0 

474.8 

10.8 

67.2 
67.1 
67.2 
67.6 
67.5 

488.8 

11.0 

08.1 
66.1 
0&2 
0&3 
66.8 

802.0 

11.0 

lao 

las 

11.0 

ILO 

M(ignet%c  data. — In  making  the  magnetic  measnrements  we  used  tlie 
first  position  of  Gauss.  The  numerical  values  of  the  constants  ocear- 
ring  in  the  formulse 

r^Ttgtp 


m= 


M 


M=i 


1+i 


2  tg  2  ^= jj 


are  as  follows: 


T=0.194<'"  ><■•«• 


J2=r232.8  cm. 


rs:24.90  cm. 

The  magnetic  results  of  our  experiments,  finally,  are  given  in  the 
series  forming  table  (53) : 

Table  53.-^Selati<m  lefwem  ike  magnetic  conttanU  of  eieel  amd  JborAuM. 

L  MagnelM  in  thr  glatt-lMrd  Half. 


Bod. 

m5. 

a 

ITlm 

t 

cm* 

n 

M 

m 

ithm. 

00. 

vncfohfti* 

em. 

aftt.J9. 

^E  . 

» 

21 

0.9 

0.288 

10.8 

47.2 

2.00 

4.17 

21* 

22 

20.0 

0.283 

10.8 

47.2 

&3S 

13.81 

s&f 

IX.. 1 

28 

80.6 

0.288 

10.8 

47.2 

14.86 

23L62 

4L4 

24 

4L1 

0.283 

10.8 

47.2 

2L37 

sao* 

449 

I 

25 

51.2 

0.283 

10.8 

47.2 

2a  18 

48.86 

«« 

(722) 
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Tablb  S3,^BelaiUm  hetwem  He  magneUc  can$tanU  of  steel  and  Aardnet*— Continued. 

1.  Moffitett  in  (k$  glatt-hard  tiaU   ContiBiieA. 


Bod. 

"?r* 

• 

Wlm 

t 

•«"0o 
cm' 

n 

M 

m 

ohm. 

oC. 

mienkm. 

0m. 

ab9.B, 

ate.£. 

f 

26 

8L8 

0.278 

11.2 

46.8 

2.82 

4.53 

23.3 

27 

19l6 

a278 

1L2 

4&8 

a88 

14.21 

36.8 

X.J 

28 

80l1 

0.278 

1L2 

46.8 

15.88 

25.14 

42.4 

1 

20 

40.2 

a273 

11.2 

46.8 

22.45 

8&86 

44.8 

I 

80 

50.7 

0.278 

11.2 

46.8 

28.75 

4&80 

40.4 

' 

81 

9.8 

a250 

11.0 

43L8 

2.00 

480 

2«.8 

88 

2a8 

0.2S0 

ILO 

43.8 

10.27 

1&43 

4L0 

XI..N 

88 

20.8 

0.250 

11.0 

43.8 

17.16 

27.30 

47.2 

84 

40.5 

0.250 

11.0 

43.8 

25.77 

40.50 

50.8 

1 

88 

48i8 

a2S0 

ILO 

43.8 

82.06 

5L40 

52.5 

' 

86 

10.0 

0.248 

ILO 

48.5 

2.06 

4.70 

83.0 

87 

20.1 

a  248 

11.0 

43.5 

ft58 

15.24 

36.8 

xn.J 

88 

80.6 

a246 

ILO 

43.5 

17.88 

27.50 

43.4 

88 

4ao 

a248 

ILO 

48.5 

24.88 

8&80 

46.3 

» 

40 

50.8 

61848 

ILO 

» 

43.5 

82.28 

50i22 

4a  3 

^^s     ^^^^^Hv^W%V  W^VO^^^WM^NV  A  ^WFvBw     V^w  ^^I^MVv^^ta 


SI 

OlO 

0.252 

1L8 

42.0 

2.48 

8.80 

2L2 

22 

20.0 

0.252 

n.8 

42.0 

7.80 

12.48 

sao 

IX.. < 

23 

80.6 

0.258 

1L8 

42.0 

13.02 

22.12 

3a8 

24 

4L1 

0.288 

1L8 

42.0 

20.05 

3L56 

4L3 

25 

61.8 

0.888 

1L8 

42.0 

26.47 

41.21 

4a2 

26 

0.8 

0.244 

12L0 

4L7 

3.66 

4.27 

22.0 

27 

19.6 

a244 

12.0 

4L7 

&80 

ia28 

34.4 

X..S 

28 

80.1 

0.244 

12.0 

4L7 

14.88 

23.65 

89.8 

20 

40.2 

0.244 

12L0 

4L7 

2L0e 

33.20 

42.1 

80 

50.7 

0.344 

12.0 

4L7 

27.05 

43.50 

43.6 

r 

81 

0.0 

0.820 

12.0 

3&6 

2.82 

4.58 

2a3 

1 

83 

20.8 

0.2S0 

12.0 

3&6 

0.83 

15.73 

3a2 

XI..  <j 

88 

28.2 

a220 

12.0 

8a6 

16.42 

2a  12 

4a  2 

84 

40.5 

0.2SO 

12.0 

88.6 

24.60 

8a  80 

48.7 

■ 

35 

40.8 

a220 

12.0 

88.6 

8L63 

4a  20 

60.4 

' 

86 

10.0 

a  210 

12.0 

38.4 

2.86 

4.50 

22.1 

37 

20.1 

a  210 

12.0 

3a4 

0.20 

14.72 

8&6 

xn..J 

88 

30.6 

0.210 

12.0 

38.4 

11 70 

2a  63 

4L8 

30 

40.0 

0L21O 

12.0 

38.4 

23.43 

8a  80 

44.6 

1 

40 

50.2 

0.210 

12.0 

38.4 

3L15 

4a  47 

4a6 

8.  MegntU  mmmlwA  8  htmn  4inf— t. 


A 


21 

ao 

28 

20.0 

28 

oao 

24 

4L1 

25 

5L2 

26 

a8 

27 

ia6 

28 

80.1 

20 

40.2 

80 

5a7 

81 

ao 

82 

20.8 

83 

20:2 

84 

40.5 

85 

40.8 

86 

lao 

87 

2ai 

88 

80.6 

80 

40.0 

40 

5a2 

a238 
a238 
a238 
a238 
a238 

a  230 
a280 
a280 
a  230 
a280 

a  216 
a  216 
a  216 
a  216 
a  216 

a  207 
a207 
a207 
a207 
a207 


ILO 
ILO 
ILO 
ILO 
ILO 

1L8 
1L8 
1L8 
1L8 
1L8 

lao 
lao 
lao 
lao 

12.0 
110 

lao 
lao 
lao 

12.0 


80.5 
80.5 
80.5 
80.5 
80.5 

8a3 
8a8 
8a8 
8a8 
8a8 

8a5 
8a5 
8a  5 
3a5 
8a5 

3a2 

8a2 
8a2 
3a2 
8a2 


146 
7.72 

ia6o 
ia72 

2a  80 
170 

a2i 

14.62 
20.65 
27.84 

188 

168 

iai6 

24.21 
8a  04 

188 

a  12 
laso 

2100 
8a  57 


ao4 

1184 
2L76 
3L05 
40.80 

434 

1118 
2128 
3152 
4155 

454 

1140 
2&70 
8118 
4a  22 

468 

14  50 
24  21 
8a  35 

47.57 


21.4 
83  2 
312 
40.6 
413 

22.4 
840 
39  2 
4L2 
416 

23.4 
816 
44.5 
47.7 
413 

213 

813 
4L8 
410 
417 


(723) 


"  II 


.< 


ft 


*    « 


!   * 


.    il 


n 


I 
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Table  53. — JUlatian  between  ike  magneUo  eonstanU  of  steel  and  kardneee — Continiied. 

4.  MagntttannsaUd 6 htmrg in Utam, 


:'i\ 


{■' 


Rod. 

KMnet 
Ko. 

a 

irim 

( 

•?5oo 
cm* 

n 

M 

•• 

ehm. 

oc 

mierohm. 

v^^t* 

I     aU.E. 

9bt.E. 

21 

9.0 

0.280 

11.0 

88.2 

2.4S 

S.98 

211 

22 

20.0 

0.280 

1L9 

8a2 

7.72 

12L85 

i            *2 

IX..' 

23 

80.6 

0.230 

11.9 

3a2 

13L70 

21.77 

i            «! 

24 

41.1 

0.230 

11.9 

8a2 

10.63 

3a90 

414 

> 

26 

51.2 

0.280 

11.9 

8a2 

25.80 

40.16 

AI 

r 

26 

9.8 

a223 

11.9 

3&0 

2.70 

4.34 

214 

27 

19.6 

0.223 

11.9 

38.0 

8L21 

13.13 

3i« 

X..- 

28 

30.1 

0.233 

1L9 

3&0 

14.53 

23.09 

1             &$ 

29 

40.2 

0.223 

U.9 

88.0 

20.65 

82.37 

j            fi.« 

. 

30 

60.7 

0.223 

11.9 

88.0 

27.24 

42.80 

'            41S 

p 

81 

ft9 

0.200 

11.8 

35.1 

2.82 

4.53 

ai 

82 

20.3 

0.^09 

11.8 

3&1 

a68 

1&49 

%< 

XT... 

88 

29.2 

0.209 

1L8 

8&1 

16.09 

2&60 

4iS 

I 

34 

40.5 

0.209 

11.8 

85.1 

24.05 

87.88 

r.( 

35 

49.8 

0.209 

11.8 

85.1 

8a  82 

48.03 

4lLl 

' 

86 

10.0 

0.109 

11.8 

84.9 

2.84 

4.56 

a-i 

87 

20.1 

0.199 

1L8 

34.9 

9.12 

14.59 

33il 

xn... 

88 

80.6 

a  199 

11.8 

34.9 

16.39 

2a  03 

4L1 

89 

40.0 

a  199 

11.8 

84.9 

22.92 

8a  08 

6i 

■ 

40 

60.2 

0.199 

1L8 

34.9 

8a41 

47.33 

4SS 

6.  Magmti  anntaUd  10  koun  in  tleam. 

» 

21 

4.9 

0.226 

11.8 

87.4 

2.46 

3.95 

2L5 

22 

20.0 

0.226 

11.8 

37.4 

7.78 

12.87 

ttS 

IX..' 

28 

80.6 

0.226 

11.8 

87.4 

18.69 

21.76 

3&S 

24 

41.1 

.    0.226 

1L8 

87.4 

19.66 

8a95 

«s 

. 

25 

51.2 

0.226 

11.8 

37.4 

25l83 

4a  21 

ft! 

r 

26 

9.8 

0.218 

11.9 

87.1 

2.70 

4.34 

£4 

.27 

19.6 

0.218 

11.9 

87.1 

&19 

13.10 

319 

X... 

28 

80.1 

0.218 

11.9 

87.1 

14.67 

23.16 

&t 

29 

40.2 

0.218 

11.9 

87.1 

20.00 

82.45 

4L1 

I 

30 

60.7 

0.218 

1L9 

87.1 

27.25 

42.41 

&s 

w 

81 

9.9 

a204 

1L9 

84.8 

2.81 

4.61 

&1 

82 

20.8 

0.204 

U.9 

84.8 

9.61 

ia87 

S&l 

XI.. 

88 

29.2 

0.204 

1L9 

34.8 

16.06 

25^64 

4i! 

84 

40.5 

0.204 

11.9 

34.8 

24.03 

37.85 

414 

» 

85 

49.8 

a204 

11.9 

84.3 

80.74 

47.91 

4il 

> 

36 

10.0 

0.195 

11.9 

34.0 

2.87 

4.61 

S! 

37 

20.1 

0.195 

1L9 

34.0 

a09 

14.54 

Si5 

XTT.. 

38 

30.6 

0.196 

11.9               34.0 

16.34 

25.95 

4fii« 

39 

4ao 

0.196 

11.9               34.0 

22.87 

ML  01 

415 

I 

40 

50.2 

0.195 

11. 9               34. 0 

3a  37 

47.25 

64 

6. 

ifMvt^wr. 

' 

21 

9.9 

0.191 

12.0 

31.5 

2.81 

3.71 

&! 

22 

20.0 

0.191 

12.0 

31.6 

7.97 

12.75 

H9 

IX..- 

23 

30.6 

0.191 

12.0 

31.5 

14.60 

23.21 

41" 

24 

41.1 

0.101 

12.0 

81.5 

21.16 

83.30 

Uf 

, 

25 

51.2 

0. 191' 

12.0 

31.5 

28.02 

43.6? 

45^2 

•    f 

26 

9.8 

0.186 

12.0 

31.4 

2.60 

4.18 

SLJ 

27 

19.6 

0.185 

12.0 

31.4 

&45 

13.58 

&« 

X... 

28 

80.1 

0.185 

12.0 

31.4 

1&48 

saoo 

4L3 

29 

40.2 

0.185 

12.0 

3L4 

22.22 

34.99 

H4 

. 

80 

50.7 

0.185 

12.0 

3L4 

29.68* 

4a  04 

441 

► 

31 

9.9 

0.173 

12.0 

29.0 

2.54 

4.08 

32 

20.8 

0.173 

12.0 

29.0 

9i75 

laoo 

%9 

XT..- 

33 

29.2 

0.173 

12.0 

29.0 

ia7o 

2a  56 

34 

40.5 

0.173 

12.0 

29,0 

25^82 

4a  20 

5IS 

. 

35 

49.8 

0.173 

12.0 

29.0 

32.87 

51.23 

£.3. 

f 

86 

10.0 

0.165 

12.0 

2&7 

2.67 

429 

1*  * 

87 

20.1 

0.165 

12.0 

28.7 

9.28 

14.84 

xn... 

38 

80.6 

0.165 

12.0 

28.7 

17.31 

27.49 

43.< 

30 

40.0 

0.165 

12.0 

28.7 

24.62 

8&eo 

14* 

49.4 

■ 

40 

50.2 

0.165 

12.0 

28.7 

82.76 

5a  96 

(724) 
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Table  53. — Selation  between  the  magneUe  oaneiante  ofeteel  and  hardneee — Continned. 

7.  Magneta  annealed  1  hovr  in  anittne  vapor. 


Bod. 

Hagnet 

« 

Wlm 

t 

•?5?o«> 
cm' 

n 

M 

m 

0nM. 

oC. 

mierohm. 

AM. 

ab$.E. 

dbt.JS. 

r 

SI 

8L9 

0.179 

110 

20.7 

2.88 

175 

20.4 

32 

20.0 

0.179 

12.0 

29.7 

a80 

1128 

85.7 

IZ..-J 

28 

8«l8 

0.179 

12.0 

28.7 

1&38 

24.46 

419 

24 

41.1 

0.179 

12.0 

29.7 

22.87 

86.22 

46.1 

26 

6L2 

0.179 

12.0 

29.7 

29.76 

4181 

416 

26 

0.8 

0.176 

12.0 

29.6 

162 

4.05 

20.9 

27 

10.6 

0.176 

12.0 

2816 

8.79 

14.06 

814 

Z.." 

28 

8ai 

0.176 

12.0 

2816 

1&81 

26.02 

48.7 

28 

40.2 

0.176 

12.0 

29l6 

28.60 

87.17 

47.1 

80 

6a7 

a  176 

12.0 

29.6 

81.46 

4197 

411 

81 

0.9 

0.164 

110 

27.6 

107 

4.13 

21.3 

82 

20.8 

0.164 

12.0 

27.6 

10.08 

1113 

40.2 

ZI..< 

88 

20l2 

0.164 

12.0 

27.6 

17.49 

27.82 

411 

84 

40.6 

0.164 

12.0 

27.6 

2&88 

4126 

62.9 

86 

49l8 

0.164 

12.0 

27.6 

84.64 

68.99 

66.1 

88 

lao 

0.167 

12.0 

27.8 

166 

4.27 

20.6 

1            ^ 

20.1 

0.167 

12.0 

27.8 

9.60 

16.86 

87.2 

zn.. 

88 

8ao 

0.167 

12.0 

27.8 

laio 

2189 

416 

!            80 

40.0 

0:167 

IZO 

27.8 

26.88 

4176 

413 

40 

60.2 

0.167 

12.0 

27.8 

84.68 

6189 

61.8 

%#•      mImVHSvW^VW    •» www^^^WBW^P^fw   90   H^^wBW  ^F   ^^r9  V^W^^P^^P 

14  VApor.  . 

21 

9.0 

0.169 

1L7 

27.9 

141 

187 

21.0 

28 

20.0 

0.169 

1L7 

27.9 

180 

14.88 

817 

IX.. < 

28 

80.6 

a  169 

11.7 

27.9 

1108 

2191 

47.2 

24 

41.1 

0l169 

1L7 

27.9 

24.76 

8197 

61.0 

26 

6L2 

0.169 

11.7 

27.9 

8104 

61.27 

618 

' 

28 

9.8 

0.164 

11.8 

27.7 

162 

4.21 

21.7 

27 

19.6 

0.164 

11.8 

27.7 

9.66 

1180 

30.6 

z... 

28 

80.1 

a  161 

11.8 

27.7 

1108 

2173 

416 

1 

29 

40.2 

0.164 

11.8 

27.7 

2128 

4L81 

514 

I 

80 

60.7 

0.161 

11.8 

27.7 

8106 

64.66 

64.7 

r 

81 

9.9 

0.168 

11.8 

26.6 

161 

4.19 

21.6 

82 

20.8 

a  168 

11.8 

26^6 

10.71 

17.18 

417 

ZI..< 

88 

29.2 

a  168 

11.8 

26.6 

1106 

80.10 

612 

84 

40.0 

0.163 

11.8 

26.6 

2126 

4107 

67.7 

. 

86 

49.8 

0.163 

11.8 

26.6 

87.83 

6195 

60.2 

' 

88 

10.0 

a  147 

11.9 

28.6 

176 

4.48 

21.2 

87 

20.1 

a  147 

1L9 

26.6 

10.29 

1146 

818 

zn... 

88 

80.6 

0.147 

11.9 

26.6 

1181 

81.46 

416 

80 

40.0 

0.147 

1L9 

26.6 

2187 

44.07 

64.0 

^;_ 

40 

60.2 

a  147 

1L9 

2&6 

8116 

6137 

57.1 

• 

\e  vapor. 

( 

21 

9.9 

0.160 

12.0 

2012 

163 

4.06 

211 

22 

20.0 

0.160 

12.0 

26.2 

180 

1168 

412 

IZ..< 

28 

80.6 

0.198 

12.0 

86.2 

1173 

2176 

612 

24 

4L1 

a  160 

12.0 

26.2 

i          27.65 

4168 

67.0 

. 

26 

61.2 

0.160 

12.0 

26.2 

87.03 

67.60 

60.6 

► 

28 

9.8 

a  164 

12.0 

26.0 

168 

4.80 

^2 

27 

19.6 

a  164 

12.0 

26.0 

1186 

1168 

410 

z.. 

28 

•  8ai 

0.164 

12.0 

26lO 

9106 

81.88 

68.8 

29 

40.2 

0.164 

IZO 

26l0 

20.81 

4116 

68.5 

. 

80 

60.7 

0.164 

12.0 

2&0 

8189 

6L81 

61.4 

f 

81 

9.9 

0.146 

12.0 

24.2 

163 

4.22 

21.8 

88 

20.8 

0.146 

12.0 

24.2 

11.40 

1124 

45.5 

ZI.J 

88 

29.2 

0.146 

12.0 

24.2 

80.69 

8192 

66.9 

1 

34 

•    40.6 

0.146 

12.0 

24.2 

8119 

6170 

615 

I 

86 

40.8 

a  146 

12L0 

24.2 

41.96 

6189 

618 

88 

10.0 

0.138 

12.0 

28.9 

180 

4.60 

2L6 

87 

20.1 

0.138 

12.0 

23.9 

11.01 

17.61 

416 

zn..< 

88 

30.6 

0.138 

12.0 

2a9 

2L78 

84.61 

64.4 

89 

40.0 

0.188 

12.0 

23.9 

81.82 

4131 

606 

L 

40 

60.2 

0.188 

12L0 

23.9 

4187 

6188 

614 

(726) 
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10.  jra^iMto  mumsM  18  homn  <» 


Bod. 


IX. 


1 


X..^ 


xt. 


xn. 


Hftgnat 
Ko. 

A 

SI 

0.0 

» 

20.0 

» 

80.6 

S« 

41.1 

25 

5L2 

26 

0.8 

27 

10.6 

28 

30.1 

28 

4a2 

80 

00.7 

81 

0.0 

82 

80.8 

88 

20.2 

84 

40.5 

85 

40.8 

86 

10.0 

87 

20.1 

88 

80.6 

80 

40.0 

40 

60/2 

irim 


0.151 
0.151 
0.151 
0.151 
0.151 

0.146 
0.146 
0.146 
a  146 
0.146 

0.188 
0.188 
0.188 
0.188 
0.188 

0.182 
0.182 
0.132 
0.182 
0.182 


OC. 


12.0 
12.0 
12.0 
12.0 
12.0 

12.0 
12.0 
12.0 
12.0 
12.0 

12.0 
12.0 
12.0 
12.0 
12.0 

12.0 
12.0 
1^0 
12.0 
12.0 


•25.0O 


QUI' 


24.8 
24.8 
24.8 
24.8 
24.8 

24.6 
24.6 
24.6 
24.6 
24L6 

22.8 
22.8 
22.0 
22.0 
22.0 

22.7 
22.7 
22.7 
22.7 
22.7 


10.25 
90.09 
8a02 
40.25 

2.64 
10.79 
21.  50 
31.87 
42.06 

2.53 
11.50 
21.68 
84.68 
45u0e 

2.72 
11.00 


ah% 


E. 

4.02 
16.40  , 
31.03  I 
47.26  ; 
62.66  \ 

424 

17.26 
34.3:2 
50.20 
87 


83.60 
45.60 


4.06  I 
ia54  j 
84.40  ! 
54.80; 
7D.2fr 

4.38 

iao8 

86L37 
52  74 
7a  06 


IL 


10  fflrtnulii  4i»  wdtfwiy  Hm, 


12.  Jfo^fMCf  an) 


'mXiMiiUin 


iMd. 


» 

21 

0.0 

0.184 

IhO 

20.8 

2.86 

aoo 

22 

20.0 

0.124 

11.0 

20.8 

10.88 

17.40 

IX.. < 

28 

80.6 

0l124 

11.0 

20.8 

24.04 

88  10 

24 

4L1 

0.124 

11.8 

20.8 

8a  43 

60.61  , 

1 

25 

6L2 

0.124 

11.0 

20.8 

62.53 

8L77 

f 

26 

8.8 

0.120 

11.3 

20.1 

2.83 

a  74 

27 

10.6 

ai20 

1L8 

20.1 

11.14 

17.83 

x..^ 

28 

80.1 

0.120 

1L8 

20.1 

25.84 

4a27 

28 

4a  2 

0.120 

11.8 

20.1 

4a  08 

«ai2 

80 

50.7 

0.120 

11.3 

20.1 

55.46 

8a  32 

f 

81 

0.0 

0.115 

11.0 

10.0 

2.80 

aoo 

82 

20.3 

0.116 

11.0 

10.0 

11.71 

18  72 

XI..! 

33 

20.2 

0.115 

u.e 

18.0 

24.71 

89.30 

1 

84 

4a6 

0.116 

11.0 

10.0 

42.45 

6a87 

t 

35 

49L8 

0.115 

ILO 

10.0 

sa53 

8a  10 

► 

86 

10.0 

0.100 

11.0 

ia7 

2  46 

aos 

87 

20.1 

0.108 

11.0 

1&7 

11.18 

17.80 

irir    J 

88 

sao 

0.100 

11.0 

ia7 

25.85 

41.21 

SO 

40.0 

0.100 

11.0 

ia7 

4L88 

65.16  1 

t 

40 

50.2 

'0.100 

ILO 

ia7 

saoi 

9a26 

(726) 


a* 
Hi 
sit 
II) 

a.1 

rj 

tti 
t\ 

311 

a: 
»: 

«.] 

Tli 

ai 

411 
«4 
CI 
62 


r 

21 

0  8 

a  147 

1L7 

24.0 

2.46 

aOS  .            SIS 

22 

20.0 

a  147 

1L7 

24.0 

las? 

lasoj         K< 

IX,.  J 

28 

80.6 

a  147 

1L7 

24.0 

20L64 

8280  1            5?.^ 

24 

41.1 

a  147 

11,7 

2«.0 

80.07 

4a  75               A; 

b 

25 

51.2 

a  147 

U.7 

24.0 

41.08 

0&25 

fti 

^ 

26 

ao 

a  141 

11.5 

2a8 

2.00 

4.18 

215 

27 

lao 

a  141 

11.5 

2a8 

10.98 

17  57               4i5 

X..J 

28 

80.1 

a  141 

11.5 

2aB 

22.28 

35.41  :          :*• 

20 

40.2 

a  141 

11.5 

2a8 

33.11 

52.16               «1 

, 

80 

6a7 

a  141 

1L5 

2a8 

44.78 

6a70               A^ 

r 

81 

ao 

a  184 

11.6 

22.2 

2.46 

ao5            »f 

1 

33 

20.8 

ai34 

1L6 

22.2 

11.70 

ia72          *' 

XI.. ^ 

83 

20.2 

a  134 

11.6 

22.2 

22.17 

35127               «« 

84 

40.5 

a  184 

11.6 

22.2 

35.00 

5607                7«L- 

. 

85 

48.8 

ai84 

1L6 

22.2 

46  70 

7a78                HJ 

■ 

86 

lao 

a  127 

11.7 

220 

268 

a3o 

9? 

87 

20.1 

a  127 

11.7 

210 

11.87 

laio           4if 

xn..s 

88 

30.6 

am 

11.7 

22.0 

2a  47 

37. 27               »l 

30 

40.0 

a  127 

1L7 

22.0 

84.58 

54.44 

&8 

• 

40 

6a2 

a  127 

11.7 

22.0 

47.80 

7260               Tft* 
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SSlS 
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r.f 

i»« 

«&« 
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111 
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Table  53. — Belatian  between  the  magnetic  canetante  ofeteel  and  hardneee-^Contixined. 

13.  MagnHaamnmUdlhourinmdtingginc 


Bod. 

"JT* 

a 

Wim 

t 

cm* 

n 

X 

n» 

ohm. 

oC. 

tnicroAfii. 

fin. 

abi.S. 

abi.K 

f 

21 

0.0 

.  0.107 

10.8 

17.5 

L85 

2.08 

19.2 

22 

20.0 

0.1(J7 

ia8 

17.5 

10.15 

16.24 

43.7 

IX..  J 

23 

3a6 

0.107 

10.8 

17.6 

26.03 

41.85 

72.6 

24 

41.1 

0.107 

10.8 

17.5 

43.00 

60.13 

00.5 

, 

25 

81.2 

0.107 

10.3 

,17.5 

61.65 

05.06 

• 

100.7 

f 

26 

0.8 

0.102 

10.8 

17.2 

1.83 

8.04 

15.2 

27 

10.6 

0.102 

10.8 

17.2 

0.82 

15.71 

40.7 

X.J 

28 

80.1 

0.103 

10.8 

17.2 

26.80 

42.64 

72.1 

20 

40.2 

0.108 

10.8 

17.2 

46.03 

72.40 

01.0 

. 

80 

00.7 

0.108 

10.8 

17.2 

65.10 

1 

101.82 

101.5 

( 

81 

0.0 

0.006 

10.8 

16.2 

1.74 

2.70 

14.4 

82 

20.8 

0.006 

10.8 

16.2 

10.06 

16.00 

40.x 

XI.J 

33 

20.2 

0.098 

10.8 

16.2 

26.87 

43.74 

72.6 

84 

40.5 

0.006 

10.8 

16.2 

47.63 

75.03 

03.0 

. 

39 

40.8 

0.008 

40.8 

16.2 

65.20 

101.74 

108.0 

» 

86 

10.0 

0.008 

10.8 

16.0 

1.08 

8.10 

14.0 

87 

20.1 

0.003 

10.8 

16.0 

0.05 

15.01 

88.5 

xn... 

88 

80.6 

0.003 

10.8 

16.0 

27.14 

43.10 

68.0 

39 

40.0 

0.003 

10.8 

16.0 

46.73 

73.57 

80.0 

1 

40 

60.8 

0.003 

10.3 

16.0 

67.60 

105.17 

101.1 

14.    MeffntU  awnealtd  ol  rtd  h§at  ^a^fth 


" 

21 

0.0 

0.006 

10.0 

15.7 

0.52 

0.88 

4.5 

22 

20.0 

0.006 

10.0 

15.7 

2.72 

4.85 

11.7 

IX..  ^ 

23 

80.6 

0.006 

10.0 

15.7 

7.04 

12  63 

22.1 

24 

41.1 

0.006 

10.0 

15.7 

10.87 

26. 56 

84.8 

. 

25 

51.2 

0.006 

10.0 

15.7 

28.40 

44.85 

46.5 

26 

0.8 

0.003 

10.1 

15.6 

0.46 

0.74 

8.8 

27 

10.6 

0.093 

10.1 

15.6 

2.52 

4.08 

10.5 

X.. 

28 

80.1 

0.003 

10.1 

15.6 

7.50 

12.06 

20.3 

29 

40.2 

0.003 

10.1 

15.6 

15.72 

24.90 

81.4 

• 

80 

60.7 

0.008 

10.1 

15.6 

20.15 

45M 

45.4 

► 

81 

0.0 

0.096 

10.2 

14.0 

0.52 

0.84 

4.8 

82 

20.3 

0.006 

10.2 

14.0 

8.55 

4.08 

10.8 

XI.. 1 

83 

20.2 

0.096 

10.8 

14.0 

6.80 

10.82 

18.7 

84 

40.5 

0.006 

10.2 

14.0 

15.18 

83.83 

20.8 

■ 

85 

49.8 

0.006 

10.2 

14.0 

26.63 

41.50 

42.4 

86 

10.0 

0.067 

10.2 

14.0 

0.67 

0.02 

4.4 

37 

20.1 

0.087 

10.2 

14.0 

8.15 

5.04 

12.2 

xn..- 

88 

80.6 

0.087 

10.3 

14.0 

8.25 

18.10 

20.7 

80 

40.0 

0.067 

10.2 

14.0 

16.32 

25.60 

81.1 

1 

40 

50.2 

0.087 

10.2 

14.0 

20.42 

86.86 

44.0 
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TEU.*i 


Digest, ^OvLT  present  purpose  will  be  gnt^atly  fkcilitated  by  a  tabok' 

comparison  of  the  essential  features  of  the  results  in  band.    The  foDor 

ing  digest  (Tables  54  to  59)  contains,  besides  brief  d  escriptions  of  temper. 

the  hardness  as  represented  by  the  specific  resistance  «,  together  vitk 

the  corresponding  magnetic  moments  x>er  unit  of  mass,  m,  of  the  eerfii 

rods. 

Tablb  54.— fiod  /. 


Speoifle  iDafiMC»i,B. 


Description  of  temper. 


GtaMs-hftrd 

Annealed!  hour  In  steam  100^ 

Annealed  3  boars  in  steam  100^ «.. 

Annealed  G  hoars  in  steam  10(K> 

Annealed  10  hours  in  steam  100^ 

Annealed  20  minotes  in  aniline  vapor  185<> 

Annealed  1  hoar  in  aniline  vapor  185^ 

Annealed  3  hoars  in  aniline  vapor  185°.... 
Annealed  7  hours  in  aniline  vapor  ISS^'  . . . 
Annealed  13  hours  in  aniline  vapor  1850... 

Annealed  1  minate  in  lead  bath  830° 

Annealed  1  hour  in  lead  bath  830o 

Soft 


S3.» 

83.4 

28.6 

2a4 

27.1 

25.9 

25.0 

20.4 

18.8 

1&7 

Table  5&.^Bod  IL 


Description  of  temper. 


Hard- 
ness, t. 


GIftss-hard 

Annealed  1  hour  in  steam  100^ 

Annealed  8  hours  in  steam  100° 

Annealed  6  hours  in  steam  100° 

Annealed  10  hours  in  steam  100° 

AnneaK'd  20  minntcs  in  aniline  vapor  185° 
Asnealed  1  hour  in  aniline  vapor  185°  .... 
Annealed  3  hours  in  aniline  vapor  185° . . . 
Annea]e<l  7  hours  in  aniline  vapor  185°. . . 
Annealed  13  hours  in  aniline  vapor  185° . . 

Annealed  1  minute  in  lead  bath  330° 

Annealed  1  hour  in  lead  bath  830° 

Soft 


87.3 
84.7 
83.0 
82.2 
81.0 
27.4 
20.3 
24.0 
23.7 
22.8 
18.0 
17.4 
14.6 


Specific  niajpietism,  m. 


Vo.6. 


29.6 
29.1 
80.0 
81.8 
84.7 
85.2 
81.5 
29.8 
8.7 


No.  6. 


No.  7.      Ko.  8. 


48.9 
43.1 
42.5 
42.0 
41.1 
43.6 
45.6 
49.3 
53.0 
66.2 
60.9 
61.1 
23.7 


4e.4 

4«.0 
51.5 
65.0 
61.0 
65.1 
78.5 
82.5 
45.7 


47.8 
51.3 
63.7 
58.2 
04.0 
60.1 
84.0 
80.8 
54.7 


No.9.]HaB 

i 


53.5 

52L8 
5L6 
50.8 
5L0 
55w0 
58L0 
63.1 
09.0 
73.1 
94.0 
102.6 
8a7 


Al 
C2 


U 


Tablb  56.-1^0(2  IX, 


Description  of  temper. 


Olav-faard    

Annealed  1  hour  in  steam  100° 

Auuealed  3  hours  in  steam  1 00° 

Annealed  U  Lours  in  Btcam  100°  

Annealed  10  hours  in  steam  100° 

Annealed  20  minutes  In  aniliuo  vapor  185° 
Annealed  1  hour  in  aniline  va])or  185°  .... 
Annealed  3  hours  in  aniline  vapor  185°.... 
Annealed  7  hours  in  aniline  VHpor  185°  ... 
Annealed  13  hours  in  aniliun  vapor  185°  .. 

Annealefl  10  minutes  in  tin  baih  240° .. 

Annealed  1  minute  in  lead  bath  330°. ... .. 

Annealed  1  hoar  in  sine  bath4.'0° 

Soft 


Hard. 
ness,«. 


47.2 
42.0 
89.5 
8&2 
87.4 
31.5 
29.7 
27.9 
26l2 
24.8 
24.0 

2a3 

17.5 
1&7 


Speci6c  magnetimi  m,  for  the 

raUos 


9.9- 


20.0 


22.7 
21.2 
21.4 
21.6 
21.5 
20.2 
20.4 
21.0 
22.1 
21.8 
21.5 
19.7 
16.2 
4.6 


85.8 
83.6 
83.2 
83.2 
83.3 
84.8 
85.7 
88.7 
4Z2 
44.1 
44.6 
46.8 
43.7 
1L7 


sae 


4L1 


5LS 


41.4 

44.0 

«• 

sao 

4L8 

AS 

88.2 

40l6 

4£t 

8a3 

40l4 

4&1 

88.2 

405 

412 

40.7 

43.6 

4Sil 

42.0 

46L1 

4&< 

47.2 

61.0  1 

53LI 

62.2 

57.0  S 

6(LS 

56.0 

6L9  t 

&a 

57.5 

63.8  i 

fki 

67.0 

70.2 

esit 

7^5 

9a5 

1M7 

22.1 

34.8; 

445 

(728) 
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Table  b7.^Bod  X. 


Desciiption  of  temper. 


GlMS-bftrd 

Annealed  1  boar  in  steam  100^ 

Aaoealed  8  hovra  In  eteem  100^ ^ 

Annealed  6  boors  in  steam  100^ 

Annealed  10  hoars  in  steam  100^ 

Annealed  20  minates  in  aniline  rapor  \9SP 

Annealed  Ibonr  in  aniline  Taporl85o 

Annealed  3  hoars  In  aniline  vapor  1850 

Annealed  7  hoars  in  aniline  Taper  1850 

Annealed  13  boors  in  aniline  vapor  185^ 

Annealed  10  minotes  in  tin  bath  240o 

Annealed  1  miiiote  in  lead  bath  880<' 

Annealed  1  boor  in  sine  bath  480^ 

Soft 


Hard- 
ness, t. 


46.8 
41.7 
80.8 
8&0 
87.1 
81.4 
20.6 
27.7 
26lO 
24.6 
28.8 
20.1 
17.2 
15. 6 


Bpedilc  magnetism  m»  for  Uie  dimnesioD- 
ratios 


0.8 


28.8 
22.0 
2S.4 
22.4 
22.4 
21.5 
20l8 
21.7 
212 
2L0 
21.5 
10.8 
15.2 
18 


10.6 


86.8 
84.4 
84.0 
84.0 
810 
85.0 
86.4 
816 
410 
44.7 
415 
412 
40.7 
10.5 


80.1 


414 
80.0 
80.2 
88.0 
810 
41.5 
417 
415 
018 
57.0 
50.7 
67.0 
711 
218 


40.2 


517 


44.8 

414 

411 

416 

41.2 

416 

41.0 

416 

41.1 

416 

44.4 

411 

47.1 

411 

614 

54.7 

615 

6L4 

63.6 

67.0 

611 

618 

80.0 

815 

01.0 

101.6 

81.4 

45.4 

Tabe  58.— J:od  XL 


Description  of  temper. 


Olass-bard 

Annealed  1  boor  in  steam  lOQo 

Annealed  8  hoors  in  steam  100<> 

Annealed  6  boors  in  steam  100^ 

Annealed  10  boors  In  steam  VXP 

Annealed  20  minotes  in  anUlne  vapor  \9I6P 

Annealed  1  boor  in  aniline  vapor  l85o 

Annealed  3  boon  in  aniline  vapor  185^ 

Annealed  7  hoors  in  aniline  vapor  185^ 

Annealed  13  boors  in  aniline  vapor  185^ 

Annealed  10  minotes  in  tin  bath  240^ 

Annealed  1  minote  in  lead  bath  880<> 

Annealed  1  lioor  In  sine  bath  420^ 

Soft 


Hard- 
nesspt. 


418 
816 
815 
811 
34.3 
20.0 
27.5 
216 
24.2 
22.0 
212 
110 
112 
14.0 


Speciiio  magnetism  m,  fortbe  dimension- 
ratio  = 


10 


24.8 
218 
28.4 
88.8 
28.8 
21.0 
2L8 
21.6 
21.8 
20.0 
20.4 
110 
14.4 
4.3 


20.8 


41.0 
80.2 
816 
816 
318 
810 
412 
417 
45.5 
412 
417 
417 
411 
112 


20.2 


47.2 
45.2 
44.5 
44.3 
44.2 
410 
411 
512 
66.0 
60.7 
61.0 
610 
72.6 
117 


416 


50.8 
417 
47.7 
47.4 
47.4 
50.8 
510 
57.7 
615 
611 
712 
817 
010 
20.8 


418 


616 
50.4 
418 
411 
410 
518 
55.1 
60.2 
618 
71.8 
74.8 
00.0 
103.0 
414 


Tabus  59.— i^od  XII. 


Description  of  temper. 

Hart. 
nesSpj: 

Specific  magnetism  m, 
sion-ratio: 

for  the  dimen- 

110 

20.1 

80.6 

410 

60.2 

Olaas-bard.... 

48.5 
814 
86.2 
84.0 
84.0 
28.7 
27.8 
215 
23.0 
217 
210 
117 
110 
14.0 

210 
211 
212 
21.0 
212 
20.6 
20.5 
21.2 
21.6 
21.1 
20.7 
110 
14.0 
4.4 

310 
816 
85.3 
818 
35.2 
810 
87.2 
818 
416 
41 B 
44.0 
43.3 
38.5 
112 

414 
41.8 
41.3 
41.1 
40.0 
43.4 
416 
416 
54.4 
57.4 
618 
6S.0 
68.0 
20.7 

413 
44.6 
410 
416 
415 
417 
418 
54.0 
516 
618 
618 
718 
80.0 
31.1 

418 

Annealed  1  boor  in  steam  100^ 

416 

Ann4^aled  3  boors  in  stesm  100^^ 

45  7 

Annealed  6  boors  in  steam  lOO'^r. 

45  5 

Annealed  10  boors  in  steam  lOO'*.. .......... ........ 

45  4 

40.0 

61.8 

Annealed  3  boors  in  aniline  vaoor  185^ 

57.1 

Annealed  7  boors  in  aniline  vaoor  185^ 

63.4 

Annealed  13  boors  in  anUlne  vaoor  185'' 

612 

Annealed  10  minotes  in  tin-bath  240° 

70.8 

Aonesliw^  1  m^nnf  a  ifi  lMu).h«.th  xiflo .._,..  ^  „...,... , 

86.8 

Annealed  1  boor  in  sino-bath  420^ 

101.1 

Soft 

44.0 

Plan  of  the  discussion. — These  results  may  be  discnssed  from  two  dis- 
tinct stand-points.  In  case  of  one  and  the  same  wire,  the  specific 
magnetism  of  the  magnets  taken  oat  of  it  varies  both  with  their  degree 

(729) 
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!1 


I 


•  I 


1 


s« 


^1 


of  hardness  and  with  the  ratio  of  length  and  diameter.  In  place  of  a 
diagram  in  three  dimensions,  however,  it  is  expedient  to  regard  the  one 
or  the  other  variaMe,  as  an  arbitrary  constant,  while  the  other  passes 
through  all  possible  values.  We  thas  represent  all  relations  by  plane 
diagrams.  Oar  results  are  compared  in  this  way.  It  is,  however,  cod- 
venient  to  replace  Tables  64  and  S5  by  others  sataafiEMstoiily  dedodUo 
from  them  by  graphic  interpolation,  since  the  ratio  of  dimensions  in  tin 
earlier  experiments  (Tables  54  and  55)  do  not  compare  well  with  those 
in  the  later  (Tables  56  to  59).  In  other  words,  witiioat  sach  reoonstnc- 
tion  of  the  former  resnlts,  the  difference  of  magnetic  behavior  of  the 
two  kinds  of  steel  employed  cannot  be  readily  diecemed.  For  this 
reason  the  Tables  60  and  61,  following,  have  been  prepared.  The  data 
contained  are  such  as  would  have  been  found  if  the  ratio  of  dimensi<»i8 
had  been  a=20,  40,  60,  80,  and  100,  respectively,  in  place  of  the  valnee 
which  actually  obtained. 

Tablb  W.-Sod  L 


DeMiiptUm  of  temper. 


Glass-bard 

Annealed  1  hour  in  stosm  100^ 

AoDealedS  honrs in  steam  100<> 

Annealed  0  honrs  in  steam  IWP 

Annealed  10  hours  in  steam  100<> 

Annealed  20  mlnntes  in  aniline  Tapor  IStP 

Annealed  1  honr  In  aniline  vapor  180^ 

Annealed  3  hoars  {n  aniline  rapor  lOO^  ... 
Annealed  7  hours  in  aniline  Tapor  186^  ... 
Annealed  13  hours  in  aniline  vapor  186P  . . 

Annealed  1  minute  in  lead-bath  380^ 

Annealed  1  hour  in  lead-bath  330<> 

Soft 


Spedili 

D  magnetlflin  am, 

fat  the 

* 

■km-ratio 

-.. 

Hard- 

nesS(» 

20 

40 

60 

00 

08.5 

81.4 

40.3 

44.3 

46.5 

88.8 

aa5 

30.2 

42.0 

44.7 

84.8 

80.1 

8&6 

42.2 

4&0 

88.0 

20.0 

8&8 

42.0 

4SL8 

88.4 

20l8 

sao 

4L8 

43.8 

90.5 

20.0 

40.0 

445 

47.2 

2&4 

8a8 

42.3 

47.4 

S0i3 

27.1 

8L8 

40.2 

5L0 

64.4 

25.0 

88.8 

50.4 

66.0 

50.1 

25.0 

84.7 

62.0 

60.0 

63L4  : 

20.4 

82.2 

63.4 

77.8 

84.8 

18.8 

28.0 

05.8 

81.4 

00.3 

16.7 

6^0 

21.3 

43.0 

60.4 

IM 


4&f 
44* 
l&l 
4&« 
4&S 
4&< 
Stl 
9iS 
ffLI 
85.S 
AS 
87.1 


Table  ei.^Bod  IL 


Descriptioii  of  temper. 

Hard- 
ness,*. 

Speeifle  mafnetlam  m, 
sioii-rafelo 

for  the  diner 

20 

40 

60 

80 

in 

Glass-hard 

37.8 
84.7 
38.0 
82.2 
81.0 
27.4 
36.8 
24.0 
28.7 
22.8 
18.0 
17.4 
14.5 

'     81.5 
3a4 

3ao 

20.0 
20.0 
20l4 
80.0 
32.8 
34.8 
85.0 
83.0 

3ao 

&0 

4&.0 
43.4 
42.8 

42.7 
42.7 
4&3 

47.3 
50.0 
54.7 
5&0 
04.3 
65.3 
27.8 

46.6 

47.8 
47.3 
47.2 
47.2 

6ai 

62.2 
67.3 
68.8 
66L4 

80.7 
84.6 
47.6 

61.3 

40l7 
40.0 
4&8 
4&8 
62.5 
5&0 
60.0 
660 
70.8 
88L0 
8&0 
63.3 

tt4 

Annealed  1  honr  in  steam  100^ 

54$ 

Annealed  3  hours  in  steam  100'' 

l&t 

A ns^aled  6  hours  in  steam  100'^ .......r^....^..-rr.. 

nil 

Annc'^led  10  hours  in  ste*m  lOO^.^*....  -.^--ir.'.^-.^ t- 

HT 

Annesled  20  minutes  in  aniline  vanor  186^  ........*- 

Bit 

Annealed  1  honr  in  aniline  vaDor  185'' .............. 

S4< 

Annealed  3  boors  in  aniline  Tanor  US'* 

ftt 

A nnesl^l  7  hours  in  aniline  vapor  185''  ..,...^,-.,^^- 

Af 

Annealed  13  honra  in  aniline  vanor  18SP 

71* 

Annealed  1  minuie  in  lead-bath  380° 

nt 

Annealed  1  hour  in  lead-bath  830° 

icae 

Soft 

Til 

Oeneral  inferences. — A  detailed  comparison  of  the  resnlts  expressed 
in  Tables  GO  and  61  with  those  in  Tables  58,  57,  58,  59,  and  all  of  theoe 
among  them^Yve^^  ^o^%  f^nticX^isw^vX^  \3c^t  the  maignetic  behaTior  of 
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each  particular  wire  is  of  a  distinct  and  individaal  character.  More 
lierspicuoasly^  eveo,  the  same  fiEict  is  observable  in  a  graphic  represen- 
tation of  the  data.  The  carves  obtained  for  the  several  wires  are  by 
no  means  coincident.  The  thicker  wire  shows  greater  magnetizability 
than  the  wire  of  smaller  diameter.  In  the  case  of  both  kinds  of  steel, 
gal  vauically  hard  rods  are  magnetizable  to  alesser  degree  than  soft  rods. 
Moreover,  there  appears  to  exist  a  relation  between  the  density  and 
maximum  permanent  moment,  in  so  far  as  the  latter  in  general  in- 
creases directly  with  the  former.  This  effect  is  particitlarly  apparent  for 
the  thicker  wire.  But  the  fundamental  inference  is  this,  that  the  rela- 
tion between  specific  magnetism  and  hardness  expressed  galvanically, 
as  exhibited  by  all  the  wires,  is  essentially  of  the  same  kind. 

Magneti9m  and  hardneM, — ^The  general  contours  of  the  families  of 
curves  expressing  the  functionality  between  magnetic  moment,  per  unit 
of  mass,  hardness,  ratio  of  dimensions,  are  of  very  great  interest.  It 
appears  clearly  that  the  latter  variable  by  no  means  deserves  the  exclu- 
sive importance  which  has  hitherto  been  attributed  to  it,  at  legist  not 
in  the  accepted  sense  that  a  certain  critical  value  exists  (Ruths,  for  in- 
stance, puts  it,  a=35)  below  which  magnets  differ  in  a  pronounced  way 
as  regards  magnetizability,  firom  magnets  with  a  larger  dimension-ratio. 
The  variations  of  the  series  of  curves  belonging  to  magnets  taken  from 
one  and  the  same  wire  are  obviously  of  like  nature ;  in  other  words, 
obtained  from  a  definite  law  by  the  mere  change  of  a  parametric  con- 
stant, a.  In  general,  all  magnets,  whether  long  or  short,  after  incipient 
annealing  diminish  in  magnetizability,  until  a  well-marked  ininimum  of 
this  quality  is  reached.  If  thereafter  annealing  be  continued  magnet- 
izability again  increases,  attains  a  maximum,  and  finally  decreases 
again  to  the  value  for  the  soft  state. 

The  causes  which  led  earlier  observers  into  partially  erroneous  in- 
ferences are  not  far  to  seek.  With  the  ordinary  very  rough  method  of 
e;!»timating  the  degree  of  hardness  of  steel  by  the  aid  of  the  oxide  tints, 
the  character  of  the  curves,  as  a  whole,  did  not  appear.  Hitherto  data 
for  only  four  points  for  each  rod,  corresponding  to  the  hard,  the  yellow, 
the  blue,  and  the  soft  states,  were  available.  Irrespective  of  the  vague- 
ness of  degrees  of  hardness  thus  defined  it  will  readily  be  seen  that 
where  the  full  contours  of  the  curves  are  unknown  the  grouping  of  these 
points  is  such  as  to  suggest  the  said  imperfect  inference  of  a  critical 
dimension-ratio. 

The  effect  of  a  variation  of  dimensions  is  particularly  apparent  in  its 
bearing  on  the  position  and  value  of  the  minima  and  maxima  of  the 
permanently  saturated  magnetic  state.  In  proportion  as  the  length  of 
the  magnets,  or  more  accurately  the  ratio  of  dimensions  increases,  these 
singular  points,  which  are  nearly  coincident  in  veiy  short  rods,  move 
apart,  the  minimum  occurring  in  the  glass-hard  state,  the  maximum 
passing  at  a  very  rapid  rate  toward  the  soft  state.  At  the  same  time 
the  maximum  increases  enormously  in  value,  and  for  loa^^  tVivci'K5A^S& 
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greater  than  twice  the  equivalent  of  the  permanently  saturated  maf- 
netic  moment  of  the  same  rod  when  hard.  As  we  approach  short  ro^ 
as  will  be  seen,  the  maximum  flattens  out,  moving  toward  the  mini- 
mum at  a  more  rapid  rate  than  the  minimum  progresses  in  the  oppoeite 
direction.  But  the  variations  are  such  that  for  very  short  magneto,  i  e^ 
such  for  which  the  ratio  of  dimensions  is  below  6,  the  minimum  wil 
probably  lose  its  marked  character  altogether,  and  eventnallj  come 
into  full  coincidence  with  the  maximum.  Here,  therefore,  a  uniformiT 
continuous  decrease  of  magnetisability  firom  the  grlass-hard  to  the  soft 
states  is  to  be  anticipated. 

Orapkic  rqpruentation. — ^All  these  results  may  be  made  to  appear 
with  8triking  clearness  by  representing  them  graphically.  It  will  be 
sufBcient  for  this  purpose  to  accept  the  mean  of  the  two  series  of  results 
for  the  thin  sample  of  steel  wive,  and  then  to  compare  this  with  the 
mean  or  combined  results  (four  series)  obtaining  for  the  thicker  sample 
of  wire.    These  mean  values  are  given  in  the  following  tables,  62  and 63: 

Tablb  62.— Pro^rrfMive  Btates  nf  ma$netiMahilUiff  vatyimg  with  kardnen. 

[Thick  wire,  V=0.16  omtiiiietsr.l 


Mmd  fip«oiflo  magnetiKin  m^  for  the  dlmenaSoB-ratlo 

.^ 

Mean  hardiiMS 

(gnXwk). 

10 

20 

80 

40 

60 

45.8 

28.5 

87.0 

48.0 

4615 

m 

40.2 

22.2 

35.7 

41.8 

44.2 

4&« 

87.9 

22.8 

35.8 

40.8 

43.3 

4&e 

80.0 

22.8 

35.8 

40.6 

43.1 

4ii 

8S.7 

22.8 

85.2 

4a6 

43.1 

4iS 

80.2 

20.8 

86.0 

42.9 

44.2 

Hi 

28.S 

20.8 

87.4 

4&1 

4a8 

SLS 

26.7 

21.4 

40.2 

40.4 

63.8 

»s 

25.1 

21.9 

43.3 

64.8 

69.6 

at 

23.8 

21.4 

44.7 

57.8 

64.3 

«s 

23:0 

21.0 

45.2 

59.3 

66.5 

ml 

10.5 

19.8 

45.8 

67.0 

8a4 

07.1 

10.7 

15.2 

40.8 

71.8 

91.8 

Wit 

15.3 

4.3 

11.2 

20.5 

8L8 

4il 

Table  eQ,—Progre89ive  8tat€$  of  magneHzahiUiy,  rarying  with  kardneat, 

[Thin  wire,  2p=0.064  oenttmetor.] 


Hean  hftrdness 

Mean  apeciflc  magnetism  im,  for  the  dimenalon-ratio  ■■ 

(golvao). 

20 

40 

00 

80 

101 

87.9 
85.5 
33.9 
83.1 
82.5 
28.5 
27.4 
26.0 
24.8 
23.9 

19.7 
18.1 
15.1 

81.6 
80.5 
30.1 
29.9 
29.8 
29.5 
30.1 
82.3 
83.9 
84.8 
32.6 

2ao 

6.0 

42.6 
41.3 
40.7 
40.5 
40.3 
42.6 
44.8 
48.6 
52.6 
56.3 
68.8 
f6.3 
24.5 

4&9 
45.4 
44.8 
44.6 
44.6 
47.3 
49.8 
54.4 
59.2 
63.2 
78.0 
88.0 
45.8 

4&9 

47.2 
46.5 
46.8 
46.8 
49.8 
52.7 
67.2 
62.6 
67.1 
8&4 
92.7 
61.4 

513 

4&I 
47.1 

17.4 
47.4 
51.7 
SiS 
9fli4 
64.7 

a9 

718 

On  the  basis  of  these  tables  the  two  families  of  curves,  Figs.  17  and 
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Magnetism  and  dimension'ratio. — ^Of  equally  great  interest,  moreonf , 
is  the  other  phase  of  these  phenomena  in  which  magnetizability  is  re- 
garded as  a  fanction  of  the  independent  variable,  the  dimensionratio, 
whereas  hardness  appears  merely  as  an  arbitrary  constant.  We  win 
endeavor  in  this  place  to  give  an  aooonnt  of  our  data,  snfiScieDtly  de- 
tailed to  admit  satisfiEictorily  of  a  comparison  wiUi  reanlts  of  earikf 
observers.  In  the  absence  of  a  better  means  of  estimating  haidnoB 
the  oxide  tints  were  largely  made  use  of,  and  the  wires  examined,  there- 
fore, classified  as  hard,  yellow  annealed,  blae  annealed,  and  soft.  In 
conformity  with  this  metiiod  of  description,  we  will  attempt  to  give  the 
parameter  (hardness)  in  onr  own  results,  such  valnes  as  will  comspond 
with  the  said  four  States.  The  following  special  experiments  flunish  ap- 
proximate data  for  the  expression  of  the  degree  of  hardness  oonespood- 
ing  to  any  given  oxide  tint  in  our  own  galvanic  scale : 

Cm/Cm*  Oi^i 

Glaoo-lmrd • .••..'......... 

Yellow  ftnnealed .^.  ....  .... ... 

Bine  annealed • •••....••••••••...... 


Soft 


:la.9 


It  is  well  to  note  that  the  logarithmic  interval  between  yellow  an- 
nealed and  blue  annealed  is  about  equivalent  to.  the  same  internal  be* 
tween  blue  annealed  and  soft,  and  about  twice  as  large  as  that  between 
glass-hard  and  yellow  annealed.  Beferred  to  our  method  of  tempering, 
tlie  values  for  yellow  annealed  and  blue  annealed  wonld  agree  veij 
nearly  with  three  hours  of  annealing  in  aniline  vapor  (mean  8==2&7  and 
26.0)  and  one  minute  of  annealing  in  melting  lead  (mean  8=19.5  and 
19.7),  respectively. 

The  smaller  galvanic  values  for  these  states  corresiK>nd  to  the  smaller 
values  for  the  soft  state  (mean  s=15.3  and  15.1),  respectively,  and  the 
difference  is,  therefore,  obviously  due  to  carburation.  Hence  for  our 
present  purposes  it  is  fully  sufficient  to  select  from  tables  62  and  63  the 
following  mean  values  of  magnetism  for  the  degrees  of  hardness  in 
question: 

Table  64.^21I<oI;  wire. 


HffMii  tpeolflo  B«Kiietl>m  m^  fbr  the  diiiieii8ioii-ntio  = 

10 

90 

80 

40 

SO 

G-lMfhhanI 

23^5 

?1.4 

IBiS 

4.8 

87.0 
4a8 
48.8 
11.8 

48.0 
48.4 
07.0 
8a6 

46.6 
68.8 
80L4 
81.8 

4&t 

Tellow  aniiMlod 

S&S 

BlnftUinfAlfkl-TT-      rrrr      -, ...rf - 

87.1 

Soft 

444 

Tablb  65.— TMii  wire. 

Mma  tpeoiiio  magneittm  m,  for  Uie  diiiMnaioiMatio  = 

20 

40 

00 

80 

100 

GlflflmhiirA  t -,«... - 

81.6 

82.8 

82.0 

&0 

42.6 
48.0 
6a8 
94.6 

46.8 
64.4 
78.0 
4&8 

48.8 
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88i4 

6L4 
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Oraphie  represento^ion.— Tbese  data  enable  as  to  constmct  the  corm 
iu  Figs.  19  and  20. 

The  carve  glass-hard  is  concave  as  regards  the  axis  of  abfldsae 
throughout.  Rising  very  rapidly  at  first  it  finally  ascends  to  a  ds- 
tinct  limiting  value  or  horizontal  asymptote.  The  carve  soft,  oo  tbe 
other  handy  rises  very  slowly  in  its  earlier  stages,  and  is  convex  as  re- 
gards the  axis  of  abscisss.  From  here  it  passes  rapidly  upward 
through  a  point  of  circumflexion  into  concavity  towards  X,  and  thffl 
above  the  former  curve.  Finally  the  rate  of  ascent  again  decreases  so 
that  a  horizontal  asymptote  must  eventually  also  be  reached,  bpt  ap- 
parently at  a  later  stage  of  the  progress  than  is  the  case  with  hui 
wire.  From  either  of  these  two  curves,  which  describe  the  variation 
of  the  extreme  states,  we  may,  by  the  process  of  annealing,  pass  ooo- 
tinuously  to  the  other;  but  the  manner  of  such  passage  from  the  one  to 
the  other,  resulting  from  a  continuous  change  of  parameter  (hardnen), 
is  excessively  complicated.  Incipient  annealing  of  a  glass-bard  rod 
produces  a  distinct  though  small  descent  of  the  original  curve  as  a 
whole.  As  annealing  progresses,  the  farther  end  of  the  corve  is  alws^ 
the  first  to  rise  and  pass  above  the  original  carve  in  snch  a  way  that 
the  point  of  intersection  of  the  new  curve  and  the  original  carve,  glass- 
hard,  moves  rapidly  from  greater  to  smaller  valaes  of  the  dimrasioQ- 
ratio.  When  the  curve  "yellow  annealed"  is  reached  the  part  betweeo 
a =14  or  18,  re8pe<*.tively,  and  ar=oo  has  already  been  elevated  above 
the  curve  glass-hard.  In  the  case  of  the  "blue  annealed"  curve  we 
observe  the  part  between  assl5  or  20,  respectively,  and  assco  to  hare 
risen  enormously ;  but  on  the  other  hand  the  part  of  this  carve  between 
a=  0  and  a=15  or  20,  respectively,  having  descended  gradually,  is  now 
distinctly  convex  as  regards  the  axis  of  abscissae.  Passing  from  blo6 
annealed  to  soft,  we  find  the  left-hand  part  of  the  curve  falling  at  a  mon 
rapid  rate,  while  the  right-hand  branch  still  rises  slowly,  reaching  a 
superior  limit  and  then  falling  rapidly  into  coincidence  with  the  coire 
for  the  soft  state,  already  discussed. 

We  have  remarked  that  the  phenomenon  of  variation  of  magnetixa- 
bility,  regarded  as  a  whole,  does  not  by  any  means  seem  to  present  t 
certain  critical  value  for  the  dimension-ratio,  below  whfch  magnets  be- 
have differently  than  above  it.  If  only  the  four  curves  hard,  yellow 
annealed,  blue  annealed  and  soft  were  known,  as  they  appear  in  Figs.  19 
and  20,  therci  would  appear  to  be  reasons  for  considering  a=15  or  SO, 
respectively,  as  a  critical  value  of  this  kind;  for  it  is  here  that  the  three 
curves  approximately  intersect  each  other,  flow  aigastifiAble,  bow- 
ever,  such  conclusions  are,  will  be  obvious  fh)m  a  mere  glance  at  Figs. 
17  and  18,  in  which  the  curves  for  this  value  of  a  manifest  no  c'Jiange  of 
character  whatever. 

Magnetism  and  density, — We  may  remark  here  that  when  the  rodiavery 
longiu  comparison  with  its  diameter,  its  specific  magnetism  (saturatioD 
presuppoBed^  becomes  constant  or  iudei>endent  of  the  dimensions. 
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In  Green's  equation  for  the  distribution  of  magnetism  in  a  cylinder 
of  finite  length,  2{,  and  radius  r. 

e       e 

X=s;r£Xpr— g g 

where  X  is  the  linear  density  of  free  magnetism  at  a  distance  x  from  the 
middle  of  the  cylinder,  K  the  coefficient  of  magnetization,  X  the  magnet- 
izing force,  p  a  numerical  quantity  related  to  K ;  let  KX  be  accepted 
as  the  expression  for  coercive  force,  Fj  and  put  for  greater  simplicity 

If  now  we  evaluate. 

and  furthermore  put 

^_3f_     3f 

we  find  that  if  I  (or  better-  =  a)  be  supposed  to  increase  indefinitely, 

fit  will  pass  through 

^^2F  fi_  J^  ( 
"3"   I         pa  I 

into  a  constant  value,  depending  only  on  the  material.  Biot'^  put  p  = 
0.124,  approximately. 

Kow  it  is  remarkable  that  in  this  case,  in  which  moreover  the  expres- 
sion for  the  linear  distribution  of  magnetism  attains  its  simplest  form, 
we  are  led  to  infer  that  the  (linear)  rods  are  capable  of  retaining  more 
magnetism  permanently  in  proportion  as  they  are  softer.  But  this 
general  deduction  will  not  hold  good  as  far  as  the  soft  state.  Figure 
20  gives  as  yet  no  decisive  answer  to  this  question.  However,  in  pass- 
ing  from  the  blue  annealed  to  the  soft  condition,  steel  passes  through 
a  state  of  maximum  density ;  and  our  results  thus  give  warrant  to  the 
surmise  that  the  greatest  attainable  magnetization  can  be  imparted  to 
steel,  when  the  hardness  of  the  necessarily  linear  rod  has  that  particular 
value  which  is  characterized  by  maximum  density.  This  digression  sug- 
gests itself  naturally  here,  but  will  be  made  the  subject  of  a  special  in- 
quiry. From  figure  17,  however,  it  is  already  quite  apparent  that  the 
said  unique  maximum  will  be  considerably  larger  than  785  c.  g.  s.  units 
of  intensity  (magnetic  moment  per  unit  of  volume),  the  value  thus  far 
assumed  and  derived  from  an  incidental  result  of  Kohlrausch.^'^ 

»«  Biot:  Traits  de  Phys.,  m,  p.  76,  1816.  • 

*^  Cf.  Gordon :  Electricity  and  Magnetiem,  I,  p.  156,  Loudon,  1680. 
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Earlier  results  interpreted, — It  will  now  be  in  place  to  compare  oar 
results  with  those  of  Baths.  We  will  select  from  his  data  the  series 
contained  on  p.  47  of  his  memoir,  as  these  may  be  regarded  typical 
Here  again,  those  alone  can  be  considered  which  refer  to  magnets  as 
nearly  as  possible  in  the  permanently  saturated  state.  In  the  place  of 
the  absolute  magnetic  moment  of  his  steel  rods  we  have  deduced  tbe 
corresponding  values  for  specific  magnetism  from  his  data.  This  greatly 
facilitates  comparison. 

Tablr  66. — BiUkt'  maffnetio  results. 
Length  =  12. 


L 

n. 

III. 

IV. 

V. 

VI. 

M 

0.10 
70 
1.00 

6a7 
8a6 

02.0 

0.24 
50 
4.81 

66.1 

71 

71 

0.20 
40 
6.22 

74.7 
70.1 
00.2 

0.38 
30 
10.55 

61 
52 
61.8 

0.40 
25 
17.60 

66.6 
38.6 
4&2 

aso 

20 
2&65 

51 

20.7 

2a4 

Diameter. 

Dim.  raUOf  approx. 

Mms. 

OUws-hard.             ) 

Yellow  ADnealed.  S  Spec  Macnetiam. 

Bine  Annealed.       > 

The  first  comment  to  be  made  in  this  connection  has  reference  to  our  re- 
marks given  in  p.  117,  on  the  structural  influence  of  tempering.    Eathsf 
magnets  were  all  of  the  same  lengths,  whereas  the  thickness  varied  from 
0.2 centimeters  to 0.6 centimeters.    To  impart likedegrees  or  similar  spates 
of  hardness  to  rods  varying  in  thickness  to  this  very  large  extent,  is  man- 
ifestly impossible,  even  if  the  material  were  thronghont  perfectly  iden- 
tical.   It  follows  that  the  divers  values  of  specific  magnet  ism  obtained  can- 
not even  be  compared  one  with  another.    Hence  the  attenix>t  to  arriveat 
the  nature  of  the  functionality  between  permanent  magnetism  and  ratio 
of  dimensions  from  these  results,  must  necessarily  be  futile.    Ruths'  data 
are  unavailable,  therefore,  for  the  construction  of  curves,  correspoDding 
to  those  in  figure  19.    We  infer  from  Ruths'  table  that  in  general  tbe 
specific  magnetism  increases  with  the  dimension  ratio.     In  the  case  of 
the  thicker  magnets  (IV,  V,  VI)  Ruths  found  values  for  specific  magnet- 
ism much  larger  than  our  own.    In  accordance  with  these,  the  intersec- 
tion of  the  curves  glass-hard  and  blue  annealed  would  occur  for  a=30; 
the  corresponding  point  for  blue  annealed  and  yellow  annealed  lying  at 
a =28.    In  accordance  with  Ruths'  results,  moreover,  figure  19  would 
have  to  be  changed  in  such  a  way  that  the  curve  glass-hard  (to  agree 
with  Ruths'  large  values)  rise  at  a  more  rapid  rate,  thus  falling  short  of 
intersection  with  the  other  two  curves  until  these  have  intersected  each 
other  at  about  ^=20.    Then  its  passage  is  through  blue  annealed  at 
about  ar=25,  and  through  yellow  annealed  at  about  £r=40,  where  tbe 
latter  curve  is  also  supposed  to  rise  more  rapidly  than  is  the  case  in  oor 
fesults.    But  with  this  apparently  satisfactory  interpretation,  the  eqai^- 
alence  of  blue  annealed  and  yellow  annealed  for  a=:50,  is  wholly  in 
discordance. 

Fromme  \\«»e»  e\^\iX>  xoC^a*.^  ^  ^1  >iXi^  ^"sv^sv^  Vs^'sg.lbi.^  four  of  which  are  of 
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like  small  diameter,  the  other  four  of  like  larger  diameter,  to  corroborate 
Baths'  results.    The  dimensions  are  these : 

First  four:  a=?:®?=15:  second  four:  a=^=r60 

7  2 

His  results  for  the  ratio  of  mass  (/x)  and  square  of  the  time  (t)  of 
vibration  are  the  following : 


iOlMS-bard 
Yellow  aimealed 
Ulne  anDoaled  . . 


«b16 


1«I2 
1508 
1118 


>60 


413 
448 
440 


These  values  would  put  the  point  of  intersection  of  blue  annealed 
and  yellow  annealed  at  a=:50,  agreeing  with  Ruths'  result  for  his  mag- 
net II.  But  this  by  no  means  removes  the  discordance  between  the 
data  for  ars=50  and  those  of  Ruths  for  a<50y  because  the  latter  refer 
this  point  to  ^=^20. 

An  extended  series  of  observations  on  the  relation  between  moment  of 
permanent  magnetism  and  hardness,  of  exceptional  accuracy,  has  been 
published  by  Gray^^  All  the  rods  have  the  same  dimension-ratio,  a = 50. 
Unfortunately  he  does  not  carry  one  and  the  same  hard  rod  through  all 
possible  states  of  inferior  temper.  Although  the  material  is  identical 
throughout,  the  results  are  therefore  necessarily  distorted  by  structural 
discrepancies,  in  addition  to  the  effects  due  to  differences  of  hardness 
in  the  glass-hard  state.  In  operating  with  low  temperatures  Mr.  Gray 
neglects  the  (then  unknown)  time-effect  of  annealing. 

In  Chapter  II,  pp.  40-43,  we  discussed  the  results  obtained  with  rods 
tempered  in  a  way  nearly  identical  with  that  employed  by  Mr.  Gray,  hard 
wires  being  immersed  in  linseed  oil,  the  temperature  of  which  was  raised 
very  gradually  by  the  aid  of  a  Buusen  flame,  and  batches  of  wires  re- 
moved from  the  bath  at  different  stages  of  the  heating.  If  we  take  into 
consideration  the  great  irregularity  of  distribution  of  temper  which  the 
rods  so  treated  manifest,  the  causes  of  relatively  large  discrepancies 
occurring  in  Mr.  Gray's  results  are  apparent  at  once.  For  the  same 
reasons  we  are  not  able  to  compare  them  in  detail  with  our  own. 

One  striking  difference  between  the  two  sets  of  results  is,  however, 
to  be  noticed.  Mr.  Gray  has  observed  no  minimum  of  magnetizability 
in  the  region  of  glass-hardness.  The  specific  magnetism,  in  general,  is 
found  to  increase  rapidly  between  glass-hard  and  annealed  at  lOOo*;  is 
fairly  constant  between  the  latter  state  and  annealed  at  about  280^ ;  and 
after  this  increases  rapidly  again  until  the  highest  annealing  tempera- 
ture employed  {3l(P)  is  reached.  As  a  whole,  however,  the  observed 
range  of  variation  (72  to  80  G.  G.  S.  units  of  magnetic  moment  per 
gramme)  is  remarkably  small  when  compared  with  our  own  (45  to  85 

***  Gray  :  1,  c. 
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and  42  to  75,  respectively,  C.  O.  S.  units  of  magnetic  moment  per 
gramme).  The  following  tabular  comparison  betweeu  Mr.  Gray's  mean 
results  and  our  own  will  exhibit  this  perspicnously : 

Table  <»mparing  the  mean  reeulte  of  Oray  and  of  B,  and  8. 
[Qr«y.    {=5.000,  2p=0.097  oentimetera.]         [R  and  S.    Is7.60  oentimeten,  2^s0.16 


Bod.  Ko.  - 

Annnealed 

Hag.  mom. 

(C.  O.  S.), 

porgnmmo. 

BodKo. 

AnBMled 

Dnriiiff 

the 

time. 

Mas.  mom. 

(C.  O.  &). 

per  gnmme. 

.0681,1. 

1  tn  5 

160 

(           7L82 
{           74.88 

|. ......  •••■■• 

ix  to  xit.. 

IX  to  XII.. 

'"  Hft' 

lOOo 

■■'iV 

4a3 

46l0 

till 

6  to  10 

lOOo 

C            75.64 
\            76.98 

US 

ixtoxn.. 

IX  to  XII.. 
IX  to  XII.. 

|iiii 

8k 

10» 
. ....... 

45.0 
44.8 
44.8 

"'??.♦ 

1 

S4C 

3&7 

11  to  16 

ISOo 

C            75.60 
{            76w60 

IX  to  XII.. 
IX  to  XII.. 
IX  to  XII.. 
IX  to  XII.. 
IX  to  XII.. 

I860 
1850 
1850 
1850 
I860 

I* 

7* 

idh 

48.8 

61.2 
66.5 
610 
6812 

"  »  S 

2&S 

217 

Ski 

3Xf 

m  ^   A.        tfUk 

MOO 

(            76l76 
(            76w04 

16  to  20 

ixtoxii'.'. 

iioo' 

*■*  itfi' 

*  tti 

2i  to'26'I'.rr!!"!!! 

240O* 

260O 
260O 
870O 
280O 
S90O 

800O 

810O 

77.42 
76.89 
75.92 
77.59 
76.51 
76.14 
<            7&60 
(            70l09 
79.24 

26  to  80 

81  to  86 

86  to  40 

41  to  45 

46  to  50 

• 

61  to  55 

•  •••••  •*..•••.> 

56  to  60 

IX  to  XII.. 
IX  to  XII.. 
IXtoXTI.. 

1 

880O 

440O 

lOOOO 

Ik 

87.3 

101.8 
44.6 

1 

Its 

11 : 

liS 

The  large  though  unavoidable  discrepancies  encountered  by  Mr.  Gray, 
notwithstanding  his  careful  manipulation  and  precision  of  measnre- 
luent  clearly  show  the  difficulties  with  which  the  problem  in  question 
was  then  surrounded.  We  possess  no  data  for  the  magnetic  effect  pro- 
duced by  tempering  in  oil.  The  only  satisfactory  method  of  accounting 
for  the  above  discordance  would  be  that  of  supposing  that  Mr.  Gray 
operated  upon  a  less  highly  carburized  steel  than  was  used  in  oar  ex- 
periments. In  such  a  case,  greater  values  of  specific  magnetism  for  tbe 
hard  state  and  small  values  for  the  solt  state  in  Mr.  Qray's  results,  as 
distinguished  from  our  own,  are  anticipative. 


CONCLUSION. 

The  general  problem, — The  results  in  this  paper  o£fer  only  a  partial  so- 
lution of  the  general  problem.  Irrespective  of  the  effect  of  earbnratioD, 
concerning  which  remarks  have  already  been  made,  the  temporary  and 
permanent  magnetization  induced  by  magnetic  fields  of  an  intensity  in- 
sufficient lo  B»a\>\XT^t^  ^\ft^,  wt^  \i^^  %xl5a^^^l%  of  importance.    A  fifUi 
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variable,  the  intensity  of  the  field,  therefore,  suggests  itself.  If  we  re- 
member how  intimately  magnetic  phenomena  are  associated  with  the 
structural  condition  of  a  rod,  and  how  absolutely  devoid  of  reliable  facts 
our  knowledge  of  this  actually  is,  we  see  how  little  advancement  can  be 
hoped  from  theory.  The  mathematical  analysis,  again,  even  when  start- 
ing from  the  simplified  premises  of  homogeneity,  encounters  formidable 
dif&culties.  On  the  other  hand,  the  possibility  of  a  solution  of  the  gen- 
eral problem,  by  the  application  of  the  method  which  we  have  endeav* 
ored  to  develop  in'  the  above,  we  dare  say  is  undeniable.  Snch  an  at- 
tack we  have  in  view. 

Practical  bearing, — ^The  present  investigation  has  a  practical  bearing 
of  some  importance.  For  cylindrical  rods  it  gives  a  satisfactory  solotiou 
of  the  problem  as  to  what  degree  of  hardness  is  to  be  chosen  in  order 
that  a  given  steel  rod  may  possess  the  maximum  magnetizability.  It 
is  a  remarkable  result,  that  for  very  small  values  of  the  dimension-ratio 
considered  as  one  extreme  case,  the  rods  can  be  most  intensely  magnet^ 
ized  when  in  the  very  hard  states,  whereas  for  very  large  values  of  the 
dimension-ratio  regarded  as  the  other  extreme  case,  similarly  favorable 
conditions  are  offered  by  the  softer  states,  with  the  probability  that  a 
state  of  singular  excellence  in  this  respect  lies  between  blue  annealed 
and  soft. 

But  it  does  not  by  any  means  follow  herefrom  that  in  the  construc- 
tion of  magnets  for  practical  purposes  they  are  to  be  made  glass-hard 
if  short  and  thick,  and  soft  if  long.  This  question  involvcR  elements 
of  quite  another  character.  The  problem  is  so  to  construct  a  magnet 
that  with  a  maximum  of  intensity  it  may  be  best  qualified  to  withstand 
the  hurtful  influence  of  atmospheric  changes  of  temperature,  of  shocks, 
and  such  like  effects ;  in  short,  to  produce  a  magnet  which,  under  like 
circumstances,  shall  always  show  practically  identical  values  of  the  iu- 
tensest  available  magnetization.  This  will  be  made  the  subject  of  the 
next  chapter. 


ADDENDUM:    ON   THE    DENSITY-EFFECT    OF   INCIPIENT    ANNEALING 

OF  HARD   STEEL. 

In  Chapter  Y  we  adverted  to  the  relation  probably  existing  between 
the  maximum  of  permanent  magnetism  of  linear  steel  rods  and  their 
density.  We  there,  moreover,  state  the  grounds  why  the  conditions 
most  favorable  for  the  appearance  of  such  a  relation  are  encountered  in 
the  case  of  linear  rods.  The  question  is  therefore  immediately  sug- 
gested whether  the  characteristic  minimum  of  magnetizability  of  steel 
rods  corresponds  to  an  analogously  singular  point  in  the  variation  of 
density.    We  commenced  experiments  with  the  object  of  discussing  the 
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matter,  with  a  steel  rod  1.91  centimeters  in  diameter  and  5.40  centime- 
ters long,  tempered  glass-hard  in  the  usnal  way. 


state  of  hardneBs. 


Specific 

gravity 

at2(K>. 


Specillo 


r  I  <T  0320 

Commercial <,  7]g3i3 

GlMs-badl j :  J;^ 

Annealed  1^  at  1000 !  7!8032 

Annealed  4k  at  1000 |l  l'^^ 

Annealed  8^  at  lOQo 1 1  ][  ^y^ 

Annealed  12k  at  lOOo |  7!  €058  | '  L  00382 


1 1.00000 

1 1.00363 

1.OOB05 

|l.0O356 

1 1.00380 


The  first  result  obtained  from  these  data  is  a  striking  corroboration 
of  a  resalt  of  Fromme's,  viz,  that  the  maxim om  increase  of  specific  vol- 
ume experienced  by  a  hard-tempered  steel  rod  diminishes  as  the  diam- 
eter of  the  rod  increases.  Fromme's  results  for  thickness  on  specific 
volume  of  tempered  steel  rods  are  these : 


2p=  Thickness  (cm.)  = 
V  =  Sp.  volume  = 


0.7 
1. 00772 


0.42 
L  01000 


0. 265 
1.01285 


0.255 
1.  01210 


The  result  for  the  above  rod  2p  =  1.91  and  v  =  1.00363  is  in  excellent 
accordance  with  these  data.  In  drawing  this  inference  it  is  necessary 
to  bear  in  mind  that  serious  discrepancies  may  be  introduced  by  the 
possible  differences  in  carburation  of  the  respective  rods.  Nevertheless, 
all  these  results  taken  together  are  so  satisfactorily  consistent  that  it  is 
difficult  to  avoid  tbe  deduction  made. 

The  second  result  shows  that  the  iucremeut  of  specific  volume  dneto 
tempering  in  general  decreases  as  time  increases.  But  this  variation 
takes  place  at  a  more  rapid  rate  at  the  middle  stages  of  tbe  operation 
than  either  at  its  early  or  closing  stages.  The  curve,  therefore,  contains 
a  point  of  circumflection,  and  the  possibility  of  a  maximum  near  the  in- 
ception is  by  no  means  excluded.  To  obtain  definite  and  decisive  re- 
sults, however,  it  will  be  necessary  to  operate  with  thin  rods,  for  which 
the  density  effect  of  tempering  is  so  much  more  clearly  pronounced. 

The  plausible  inference  that  the  anomalous  electrical  behavior  of  steel 
on  incipient  annealing,  discnssedin  Chapter  JI  (page  67),  and  the  mini- 
mum  of  magnetizability  investigated  in  this  chapter,  may  find  an  anal- 
ogous variation  in  the  density  of  similarly  treated  hard  steel,  cannot  as 
yet,  therefore,  be  said  to  have  been  disproved. 

(742) 


CHAPTER  VI. 

• 

THB  TEMPBBIKO  OF  STBEI.  CON8II>EBEl>  IK  ITS  BEABING  OK  THE 
POWEB  OF  MAOKETIC  BETEKTIOK,  OR  OK  THE  COKDITIOKS  OF  MAO- 
KETIC  STABHilTY  OF  THIS  MATERIAX. 

INTRODUCTIOK. 

Tefnporary  and  permanent  magnetic  effects  of  annealing, — ^The  infla- 
ence  of  temperature  on  the  moment  of  permanent  magnetism  of  steel 
rods  is  characterized  by  a  temporary  and  a  permanent  effect,  usually 
sui)erimposed.  If  a  steel  rod  magnetized  to  saturation  at  the  temper- 
ature to  is  heated  to  2^  {T>t)  and  then  again  cooled  to  tOy  it  will  be 
found  to  have  experienced  a  loss  of  magnetic  moment.  If  the  process 
is  repeated — the  temperatures  t  and  T  being  the  same  as  before — an  ad- 
ditional diminution,  decidedly  smaller,  however,  than  the  first,  will 
manifest  itself:  Continuing  in  this  way  we  shall  find  that  the  perma- 
nent loss  converges  to  zero.  The  rod  is  now  in  a  condition  for  which 
the  magnetization  lost  during  the  passage  from  P  to  T^  is  again  re- 
stored when  the  original  temperature  tP  is  regained. 

llesearches  on  this  important  subject  have  been  made  in  great  num- 
bers.^^  The  result  has  usually  been  that  magnets  which  are  to  be  used 
between  the  atmospheric  temperaturess  t  and  T  should  be  heated  and 
cooled  between  these  or  greater  limits  for  an  indefinite  number  of 
times,  in  order  that  a  condition  of  magnetic  permanence  or  of  perfect 
magnetic  elasticity,  as  it  has  been  called,  may  be  assumed. 

SimuUaneoua  mechanical  effects  hitherto  disregarded. — ^To  the  venture  of 
resuming  a  topic  which  has  been  so  elaborately  and  apparently  so  ex- 
haustively discussed,  we  were  primarily  induced  by  certain  new  and  impor- 
tant facts  which  our  researches  on  the  hardness  of  steel  had  developed. 
Curiously  enough  among  those  who  operated  with  glass-hard  rods — and 
it  was  to  these  that  we,  at  ^rst,  desired  to  confine  our  attention — only  a 
few  have  given  even  cursory  consideration  to  the  important  factor,  the 
change  of  the  mechanical  state  of  the  material.  We  have  shown  that 
temperatures  2(K>  or  S(P  above  that  of  the  water  in  which  during  tem- 

'-^  The  earlier  litoratore  is  systematized  in  J.  Lamont,  Magnetismus,  p.  38G,  18()7 ;  G. 
Wiedemann,  Galyanismos,  II  a,  p.  603, 1874 ;  A.  Moasson,  PhyBik,3  Aofl.,  III.,  p.  110. 
Among  the  more  recent  papers  (since  1876)  we  desire  to  mention :  G.  Wiedeman,  Pogg. 
Ann.,  CLVII,  p.  257,  1876;  J.  M.  Gangain, '  Comptes  rend.,  LXXXII,  p.  1422; 
LXXXIII,  p.  661,  1876;  LXXXVI,  p.  536, 1878;  G.  Poloni,  BeiblStter  V,  p.  67,  p.  802. 
and  p.  614, 1881;  Elettricista,  II,  p.  193,  1878;  J.  Trowbridge,  Am.  Journal  (3),  XXI, 
p.  316,  1881 
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periDg  the  rod  was  chilled,  when  acting  on  glass-hard  rods  can  be  made 
to  produce  annealing  effects  of  definite  and  accurately  definable  mag- 
nitude. 

If,  therefore,  it  is  our  object  to  investigate  the  functionalitj'  between 
magnetization  and  temperature,  it  is  manifestly  necessary  at  the  very 
outset  to  exclude  all  permanent  nnd  simultaneous  changes  in  the  ma- 
terial carrying  the  magnetic  quality.  This  is  what  none  of  the  former 
observers  have  done.  Temperatures  as  high  as  KKP  are  frequently  ap- 
plied. Under  these  circumstances  the  hard  rod  assumes  different  me- 
chanical properties  while  in  the  hands  of  the  operator,  and  the  results 
will  necessarily  be  stripped  of  the  claims  to  accuracy  which  the  care 
frequently  bestowed  would  otherwise  justify. 

Betentiveness. — There  was  a  second  consideration  which  suggested 
the  present  series  of  experiment.  This  was  the  desire  to  utilize  certain 
earlier  data  in  the  endeavor  to  construct  magnets  possessing  great 
power  of  retention.  It  is  not  necessary  to  advert  to  the  important 
bearing  of  this  problem,  not  only  on  all  absolute  magnetic  measure- 
ments, but  more  particularly  even  on  those  of  a  relative  character. 
That  the  methods  now  employed  are  inadequate  is  conceded  by  the  ol)- 
servers  of  highest  authority  and  experience.  Old  magnets  subserve 
best  the  purposes  of  measurement ;  but  even  these,  where  a  constancy 
of  moment  under  like  circumstances  is  to  be  presumed  are  carefully 
to  be  protected  from  shocks  and  larger  changes  of  temperature. 

Thepresent  worh — In  the  following  pages  our  experiments  will  be  cited 
chronologically.  Some  of  them  are  merely  corroborative  as  regards 
results  which  have  already  been  pronounced  by  others.  But  the  inti- 
mate connection  between  these  and  our  subject  proper,  together  with 
the  new  interpretation  which  has  frequently  been  given  them,  vindicates 
their  appearance  here. 

The  method  of  magnetization  and  the  calculation  of  the  magnetic 
moment  as  well  as  the  measurement  of  hardness  was  identical  with  that 
detailed  in  Chapter  V. 

BETENTIYENESS  AS  REGARDS  YARIATION  OF  TEHPEBATUBE. 

Preliminary  experiments, — Our  first  experiments  were  incidentally 
made  with  six  little  steel  parallelpipedons,  of  the  same  material  which 
had  been  used  in  a  series  of  experiments  described  elsewhere.  The  di- 
mensions (cm.)  and  mass  (g)  of  these,  after  being  tempered  to  glass- 
hardness,  were  as  follows : 


Length 

Breadth 

Height 

Mms 


L 

n. 

UL 

IV. 

V. 

VL 

8.0 

2.6 

8.0 

2.6 

3.0 

2.6 

0.5 

0.5 

0.4 

0.4 

as 

0.8 

0.8 

0.8 

0.8 

0.8 

0.2 

0.2 

0.328 

0.278 

a  278 

a232 

0.183 

0.113 
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When  magnetized  with  a  large  Fonkler's  magnetic  battery  (50  kilos 
portative  force)  of  the  horseshoe  form,  these  retained  the  following 
qaantities  of  specific  magnetism : 


I. 

n. 

III. 

IV. 

V. 

VL 

ms= 

l&i 

12.9 

18.6 

14.8 

25w0 

20.7 

cm" 

Pi  MO 

Hereupon  the  magnets  were  transferred  from  a  water-bath  at  15^  C. 
to  another  at  5QO  0.  and  then  returned.  This  was  repeated  ten  times, 
with  an  allowance  of  about  ten  seconds  of  immersion  for  each.  After 
this  process  the  respective  values  of  specific  magnetism  were  found  to 


I. 

U. 

UL 

IV. 

V. 

VI. 

mxs 

l&l 

12.7 

1&4 

14.6 

24.0 

2a8 

The  losses  are  therefore  small — ^as  a  rule,  only  about  |  per  cent.  The 
temperature  50^  appears  to  be  relatively  low  in  so  far  as  its  effect  in  pro- 
ducing the  variation  in  question  is  concerned.  If  it  should  be  our  pur- 
pose to  reach  a  limiting  value  in  this  way  the  operation  would  have  to 
be  repeated  a  great  number  of  times.  Possibly  several  hundred  repe- 
titions would  even  be  inadequate. 

For  this  reason  we  decided  to  continue  the  work  with  the  aid  of 
higher  temperatures.  The  magnets  were  exposed  in  steam.  Previously, 
however,  we  remaguetized  them  to  saturation.  This  was  done  with  a 
large  and  i>owerfnl  helix,  through  which  the  current  of  a  dynamo-elec- 
tric machine  circulated.  The  mean  intensity  of  the  magnetizing  force 
when  referred  to  the  lengths  2.5  cm.  to  3.0  cm.  of  the  magnets,  and  for 
the  current  3.0  cm'^  gVsec,  was  found  to 


^X=885g«/cm>*sec. 

It  is  obvious  that  these  powerful  forces  ^^  were  far  more  than  sufficient 
to  effect  the  saturation. 

The  magnets  were  now  exposed  in  steam  at  100^  for  consecutive  in- 
tervals of  20,  40  minutes,  then  for  1,  2,  3,  and  finally  4  hours.  After 
each  withdrawal  from  the  steam-bath  they  were  laid  aside  for  some 
time  in  a  room  in  which  the  temperature  varied  between  IQP  and  15^. 
After  this  we  made  the  measurement  of  the  magnetic  moment.    The 

**For  diyers  other  data  relatiye  to  this  helix  conf.  Chapter  V. 

(745) 
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results  of  this  series  of  experiments  are  shown  in  the  followiDg  table 

for  m : 

Table  67. —Limits  of  magnetic  state. 


Description  of  temper. 

L 

IL 

nL 

IV. 

V. 

VL 

Orifrioal  condition  (hard) 

1&97 

14.90 

21.84 

17.08 

28.70 

28.55  1 

Annealed  20"  in  steam  lOOo 

14.08 

10.74     15.80 

12.42 

20.01 

16.66 

Annealed  40"  more  in  steam  lOCP . 

11.  e8 

9.0& 

i:i45 

10.42 

17.60 

13.02 

Annealed  1^  more  in  steam  10(K>. .. 

10.84 

&11 

12.21 

0.60 

15.68 

12.22  1 

Annealed  2^  more  in  steam  lOO^. . . 

9.42 

7.82 

11.21 

8.86 

14.16 

1L04  1 

Annealed  8^  more  in  steam  lOQo. . . 

a36 

7.07 

10.68 

a  21 

13.63 

10.24  . 

Annealed  4^  more  in  steam  lOO^. . . 

8.65 

6.(19 

10.20 

ao2 

12.08 

0.91  ! 

! 

If  these  results  bo  constructed  graphically^  time  of  ezi>o8ure  as  ab- 
scissa and  8i>ecific  magnetism  (at  ordinary  temperature)  as  ordinate,  we 
obtain  a  series  of  curves  of  regular  and  similar  contour.  Their  general 
characteristic  is  that  of  an  initially  rapid  descent,  which  as  annealiog 
continues  is  soon  retarded  until  finally  an  asymptote  parallel  to  the 
.axis  X,  is  approximately  reached.  These  results  corroborate  the  older 
results  for  the  eflFect  of  the  time  of  exposure  on  the  variations  of  the 
magnetic  state  of  a  bar.  The  phenomena  were  first  studied  by  Moser  and 
Riess,*"  somewhat  later  by  Holmgren,^^  and  particularly  emphasized 
by  the  latter  in  a  way  at  variance  to  the  views  of  the  former  observers. 
Physicists  were  inclined,  however,  to  refer  Holmgren's  apparently  anom 
aloiis  results  to  other  causes,*^  whereas  Lamont^**^  pointed  out  that  Holm 
gren  had  operated  with  glass-hard  rods,  while  the  magnets  of  Maser 
and  Riess  were  untempered.  Quite  recently  G.  Poloni^"  has  given  the 
effect  of  the  time  of  exposure  due  prominence.  He  failj*,  howiver, 
cleiirly  to  discriminate  between  the  results  obtained  in  cases  of  differ- 
ently  tempered  bars,  or,  in  other  words,  confounds  the  eflFect  due  to 
change  of  temper  with  the  magnetic  effect.  We  shall  show  in  the  sequel 
that  tbey  are  entirely  distinct  and  can  be  separately  studied. 

JSimultaneom  magnetic  and  mechanical  effect  of  annealing, — But  there 
is  another  inference  of  greater  relevancy  to  our  immediate  inquiry.  The 
curves  under  consideration  are  strikingly  similar  to  those  formerly  ob 
tained  while  investigating  the  electrical  effect  produced  by  a  change  of 
temf)er  of  steel  (annealing).^*'  In  fact,  the  analogy  is  sufficiently  evident 
to  induce  us  to  associate  the  observed  decrement  of  magnetic  intensity 
and  the  cotemporaneous  change  of  mechanical  state  of  glass-hard  rods 
as  phenomena  intrinsically  related.  In  other  words,  we  were  inclined 
to  regard  annealing  as  the  primary,  and  the  diminution  of  magnetic  io- 
tensity  (in  by  far  the  greater  part)  as  the  secondary  occurrence;  or  more 

"^L.  Moaer  and  P.  Riese:  Pogg.  Ann.,  XVII,  p.  403,  1829. 

^»K.A.  Holmgren:  Acta Soc.Scient.Upsala (3) I;  Fortschritte d.  Phy sik, p. 536, ld5& 

^'^Cf.,  G.  Wiedemann:  Galvanismos,  II  a,  p.  614,  1874. 

*^J  Lnmont:  Magnetismns,  p.  385,  1867. 

"»G.  Poloni:  Elletricista,  II,  p.  139.— Beihl.  II,  p.  523,  1878. 

»«Stroahal  and  Barna:  Wied.  Ann.,  XI,  p.  030,  1880.    Chap.  II. 
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curately,  to  distingaiah  between  a  primary  or  purely  magnetic  (per- 
inent)  effect  of  temperature,  a  direct  effect;  and  an  indireot  effect  of 
iiperature,  due  to  the  influence  of  the  rearrangement  of  molecules  in 
Dsequence  of  mechanical  annealing,  upon  the  existing  intensity  of 
^gnetism  of  the  rod. 

With  the  object  of  verifying  this  hypothesis  we  selected  a  sample  out 
our  supply  of  glass-hard  rods  which,  when  tested,  showed  great 
dformity  of  hardness  throughout  its  length.  This  was  broken  into 
^o  nearly  equal  parts  Nos.  11  and  12.^^  The  constants  of  each  were 
and  to 


Ko.ll. 

iral2. 

Length  ... 
Ham 

10.0 
0.417 

10.0 
0.418 

om. 
9- 

lese  were  now  magnetized  to  saturation  with  the  helix,  and  then  an- 
aled  in  steam  at  100^  during  consecutive  intervals  of  10,  20,  and  30 
inutes,  1,  2,  3,  4,  5,  and  6  hours.  After  each  of  these  we  made  a  de- 
rmination  of  hardness  using  specific  re&lstance  s  at  the  atmospheric 
iiperature  f  as  a  datum  for  this  purpose.  Furthermore,  in  order  to 
rive  at  the  desired  comparison,  No.  12  was  remagnetized  to  satura- 
m  after  each  interval  of  annealing,  whereas  No.  11  was  tested  for 
ecific  magnetism  in  the  condition  in  which  it  left  the  annealing  bath, 
at  is  without  repeated  magnetization. 

The  results  of  these  experiments  are  contained  in  the  following  table. 
le  specific  magnetism  is  represented  by  w*  and  m,  according  as  the 
ignetic  datum  in  qnestion  was  obtained  with  or  without  remagneti- 
tion  respectively.  W  here  denotes  the  observed  electrical  resistance 
the  respective  rods  per  meter  of  length  at  the  temperature  f,  s  the 
[responding  specific  resistance  (cm./cm.'  0^  microhm). 

Table  68. — Diminution  of  hardnesBf  magnetization,  and  moffnttizability. 


Deacription  of  temper. 


Qcaled  10"  in  l(XP. 
Dcakd+20<"in  lOO^. 
Dea1ed+30»in  ICOo. 
a€aled+  1^  in  lOOo 
nc;iled+  2*  in  100«>. 
DCulod+  3^  in  100^. 
D€Aled+  «^  in  100°. 
nealed+  5^  in  lOO^. 
oealed+  t^  in  lOO^. 


Magnet  No.  11. 


W 


Mbard 0.755  |  1&3 


741 
724 
708 
080 
671 
656 
646 
639 
634 


ia7 

20.1 
21.0 
10.0 
20.2 
18.7 
19.2 
20.0 
18.9 


I 


« 

30.5 

38.7 

37.6 

36.7 

35.7 

34  8 

84.1 

33.6 

88.1 

82.8 

f» 


^  - 


6?.  6 
50.5 
66.0 
.^2.6 
50.0 
47.8 
46.1 
45  1 
44.8 
48.8 


761 
746 
728 
712 
603 
676 
660 
051 
6U 
688 


Kagnet  Ko.  12. 


18.6 
18.7 
20.1 
21.0 
20.0 
20.1 
18.7 
19  0 
20.0 
19.9 


30.9 
39.1 

3ao 

37.1 
36.1 
35.2 
34.5 
33.0 
33.5 
33.2 


m 


50.7 
58.2 
57.5 
56.  5 
56.1 
56.4 
5&5 
66.3 
56.6 


m* 


62.5 
62.4 

ni.y 

60.6 
60.2 
50.5 
60.4 
50.8 
59.1 
60.0 


'^  The  magnets  Nos.  1-10,  ivere  used  in  the  work  detailed  in  Chapter  Y. 
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Mere  inspection  of  this  table  discovers  at  ouce  the  striking  ps^kla 
in  the  successive  values  of  specific  resistance  s  aud  specific  magQe:a 
m.  If  the  two  series  of  results  be  represented  graphically,  tinwof  e 
posure  as  abscissa,  8  and  m  respectively  as  ordinate,  vre  obtaio  J\ 
21)  two  curves  of  an  obviously  allied  character.     Indeed  there  C£i 


J&yt»  c^cJTNWicre  to  fOO^  mJhours . 

Pio.  21.— Diminatlon  of  spediflc  magnotUm  and  Apeciflo  resistAXkoe  prodaoed  by  contineA 

(low  temperatures). 

no  doubt  that  the  occurrence  of  the  continuous  diminution  of  magn^ 
moment  here  observed  is  largely  conditioned  by  the  variation  of  ta 
ness  which  occurs  contemporaneously.  It  is  particularly  to  be  »< 
that  in  both  instances  the  asymptotic  limit  is  reached  after  the  lapj« 
the  same  time,  approximately. 

If  now  we  regard  the  values  for  m*  as  obtained  with  the  magnec ! 
12,  there  appears  in  the  first  place  a  diminution  of  the  quantity  of » 
netism  which  the  saturated  rod  permanently  retains,  which  soon  be 
ever,  as  annealing  continues,  reaches  a  certain  minimal  value  io  a' 
consistent  with  the  results  of  the  former  experiments.  Furthemfl 
from  a  comparison  of  the  values  of  m  and  m*,  it  follows  that  durin^t 
progress  of  the  annealing  the  influence  of  the  higher  temperature  {U*^ 
regarded  in  connection  with  the  time  during  which  it  acts,  becomes  k 
aiid\eSi^pT0\iC)\3i\vcfc^^\\i  ^Yo\)ortion  as  the  magnet  itself  has  reaeb« 
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16  limiting  state  of  hardness  for  the  temperature  (100<^)  ander  oonsid- 
ration.  But  it  also  appears  that  the  same  limiting  value  of  specific 
lagnetism  gradually  reasserts  itself,  no  matter  how  often  the  combined 
recess  of  magneti7.ation  and  subsequent  indefinite  annealing  may  be 
3peate<l.  Moreover,  a  magnet  which  has  approximately  reached  the 
miting  hardness  for  the  given  temperature,  if  remagnetized  to  satara- 
lOn  and  annealed  again  at  the  same  temperature,  reaches  a  limiting 
laguetic  condition,  the  value  of  which  is  nearly  independent  of  the 
me  of  exposure. 

The  ^rely  magnetic  effect  {permanent). — The  inference  enunciated  at 
de  end  of  the  last  paragraph  still  needs  additional  proof.  Accordingly, 
ar  magnets  Nos.  11  and  12  were  now  magnetized  afresh  and  then  ex- 
osed  to  steam  in  the  uniform  manner  described.  We  thus  arrived  at 
le  following  results: 

Table  G9,—Specifio  magnetism,  m,  of$aturated  rod$  Bucoe$*iveljf  annsaUd  at  100°, 


Time  of  exposure  to  lOQP, 


Rode  remasmetiKed 

10  minutes  In  steun  at  100^ 

20  minnteii  more  in  steam  at  100^ 
30  minnten  more  in  steam  at  100^ 

1  hoar  more  in  steam  at  lOO^^ 

2  hoars  more  in  steam  at  100^ ... 

Rods  remapnetlsed 

10  minntes  in  steam  at  100^ , 

20  niinntes  more  in  steam  at  100^ 
80  minntes  more  iu  steam  at  100^ 

1  hour  more  in  steam  at  100^ 

2  hours  more  in  steam  at  100^ . . . 


Ko.  11. 

No.  12. 

60.0 

59.0 

57.8 

57.1 

M.6 

56.6 

55.7 

56.9 

55  7 

516 

55.7 

65.6 

50.0 

6&7 

57.2 

.57.1 

66.6 

66.4 

56.0 

55.0 

5&0 

56.9 

56.0 

55.8 

We  also  remagnetized  the  steel  parallelopipedons  Nos.  I . . .  VI,  with 
bich  the  original  experiments  were  made,  and  then  annealed  them  in 
earn  in  the  usual  way,  repeating  the  whole  process  a  number  of  times. 
16  following  table  contains  the  values  of  specific  magnetism  obtained: 

Table  70. — Specific  magnelismf  m,  of  saturated  rods  ftuccesnvely  annealed  at  100^. 


Time  of  exposure  to  100<>. 


Rods  rems^etiscd 

1  hour  in  steam  at  100^ 

1  hour  more  in  steam  at  lOO^^ 

2  hours  more  in  steam  at  100^ 

Rods  remsffDctized 

I  hour  in  steam  at  100^ 

1  hour  more  in  steam  al- 100<) 

Rods  remagnetized 

10  minutes  in  steam  at  100^ 

50  minntes  mure  in  >ttcam  at  lOO^. 
1  hour  more  iu  steam  at  10C° 


17.82 
ia34 
16.24 
16.12 

17.84 
ia28 
10.24 

17.77 
16.25 
16.10 

iao7 


n. 

III. 

IT. 

V. 

VI. 

13.06 

20.14 

16.22 

27.20 

22.58 

12.78 

18.54 

14.75 

25.44 

21.07 

12.60 

18.33 

14.60 

25.24 

20.03 

12.60 

1&29 

14.54 

25.12 

20.41 

18.04 

20.12 

16.03 

27.40 

22.80 

12.69 

18.47 

14.73 

25.42 

20.93 

12.60 

18.37 

14.69 

25.34 

20.97 

13.01 

20.09 

16.00 

27.25 

22.71 

12.73 

18.31 

14.64 

25.00 

21.01 

12.50 

18.24 

14.54 

25.34 

20.93 

12.54 

1&26 

14.54 

25.31 

20.86 

If  the  present  behavior  of  the  magnets,  where  the  steel  has  practi- 
lly  reached  its  limiting  mechanical  state  for  lOOo,  is  contrasted  with 
e  above,  where  temper  varies  simultaneously  with  magnetism^  a  \svql^>^ 
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smaller  and  thoroughly  Qoiform  loss  of  specific  magnetism  is  every 
where  apparent.    In  the  case  of  No.  11  the  original* loss  amonnted  to 

a^a'  =30  per  cent,  nearly;  whereas  at  present  the  average  loss  » 

59  0—55  9 
only     'gQi^  '  =5.3  i>er  cent.    Similarly,  the  average  loss  of  specific 

iJO  76—0  42  • 

magnetism  of  the  rods  I  ...  VI  was  originally  — '  o^  .-J      =  55  per 

19  fio     17  OQ 

cent,  nearly.    Now  we  have  only  an  average  loss  of  -— — T'qi^       =  ^-6  P^r 

cent.  But  owing  to  the  fact  that  these  magnets  had  been  speciallj 
treated  at  the  outstart — repeatedly  heated  from  15^  toOOo — an  immediate 
comparison  between  the  last  results  and  those  for  No.  11  is  not  to  be 
made. 

We  have  thus  arrived  at  a  partial  corroboration  of  certain  resulti$  ob- 
tained by  Moserand  Riess,"*and  subsequently  also  by  Dufour.'^  Follow- 
ing Moser  and  Kiess,  we  have  for  the  successive  losses  of  a  bard  needle: 

Pererit 

After  the  first  uiaguetization 44.0 

After  the  secoDd  mugDetization 6.1 

After  the  third  magnetization 4.4 

But  with  this  last  result  our  observations  are  at  variance.  As  b^ 
been  stated,  our  data  have  invariably  shown  that  when  the  maximam  of 
permanent  hardness  corresponding  to  any  temperature  has  once  been 
attained,  then  the  magnetic  effects  of  repeated  application  of  the  same 
annealing  process  are  identical,  the  losses  of  specific  magnetism  expe- 
rienced by  saturated  rods  constant. 

The  direct  and  indirect  effect  of  temperature. — We  conclnde,  therefore, 
that  if  it  be  our  object  to  perspicuously  represent  the  law  of  the  phe- 
nomena in  question,  it  is  essential  to  discriminate  between  two  species 
of  magnetic  loss.  If  the  magnet  is  in  such  a  condition — ^for  instaDoe 
glass  hard — that  the  higher  temperature  (2)  produces  a  mechanical 
effect,  then  this  is  invariably  accompanied  by  a  magnetic  effect  peculiar 
to  itself,  and  as  experiment  ha«  shown,  of  relatively  very  large  intensity. 
The  reasons  for  this  behavior  are  obvious.  The  existence  of  magnet- 
ism is  conditioned  by  a  strain  of  a  particular  and  characteristic  kind. 
The  same  is  true  of  hardness.  It  is  very  probable,  therefore,  that  the 
partial  disappearance  of  one  of  these  strains  from  any  cause  whatsoever 
will  materially  interfere  with  the  intensity  of  the  other.**®  Why  the  in- 
fluence of  the  time  of  exposure  to  100^  is  marked  when  the  state  of 
hardness  is  such  that  annealing  produces  both  a  mechanical  and  a  mag- 

i^^Moser  u.  Rieas :  Pogg.  Ann.,  XVII,  p.  403,  1829. 

"»Dafour :  Fortschr.  der  Physik,  1857.  p.  438. 

i^fiWhether  mere  magnetizatiou  prodaces  a  change  iu  the  temper  of  glaaa-hanl  eteel 
is  still  to  be  investigate<i.  Iu  cousequence  of  the  very  small  Tariation  of  dimeosMooft 
the  anticipative  effect  must,  of  course,  necessarily  be  small. 
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t  ^etic  effect,  is  readily  seen.  For  the  latter  e-ffect  must  contioae  to  vary 
isa^iaDtil  the  limit  of  variation  of  the  former  has  been  fully  reached ;  and 
_^^  the  annealing  effect  of  100^  in  case  of  glass  hard  steel  is  a  dimination  of 
hardness  occurring  at  a  very  gradually  decreasing  small  rate  through 
^    infinite  time. 

When  this  has  occurred — t.  «.,  when  the  final  state  of  hardness  due 

^xto  an  exposure  to  T  has  been  reached — we  have  to  do  with  a  purely 

^magnetic  phenomenon  only.    A  rod  magnetized  to  saturation  and  an- 

^Unealed  at  T^  experiences  a  direct  effect — a  loss  of  specific  magnetism 

i^  which' is  relatively  small,  nearly  independent  of  the  time  during  which 

^ii  T  acts,  and  the  cause  of  which  may  be  loosely  ascribed  to  a  smaller  co- 

^  ercive  force  at  T  and  to  the  effect  produced  by  the  thermal  expansion  on 

h.  the  magnetic  strain.    We  may  add  that  while  in  the  first  case,  where 

the  rod  itself  undergoes  a  change  of  state,  a  limiting  value  of  specific 

t^*'  magnetism  was  not  fully  reached  even  after  22  hours  of  annealing;  in 

rji:  the  second,  the  action  is  certainly  complete  after  the  lapse  of  an  hour^ 

^v   and  occurs  in  such  a  way  that  the  principal  part  of  the  magnetism  is 

lost  within  the  first  ten  minutes. 

The  reasons  fully  appear  why  Moser  and  Biess  found  that  when  soft 
and  annealed  rods  were  used  the  losses  were  not  only  small,  but  occurred 
with  the  characteristic  rapidity  of  those  here  enunciated.  In  this  case 
~:>  an  annealing  effect  due  to  100^  is  manifestly  impossible,  and  the  pecu- 
liarities of  the  purely  magnetic  phenomenon  are  alone  observed.  It 
^  would  moreover  appear  that  the  latter  for  a  given  temperature,  T,  is  in- 
dependent of  the  matenal  used,  of  an  intrinsically  magnetic  nature.  At 
least  Moser  and  Biess  found  for  this  loss 

Per  oentb 

When  the  needle  was  soft 13. 6> 

When  tempered  blue 13.4 

When  tempered  cherry  red 13.7 

We  will  waive  this  matter  here,  as  it  is  our  object  to  investigate  it 
specially,  paying  particular  attention,  moreover,  to  the  effect  incident 
upon  a  variation  of  the  dimensions  L  /  D.  Such  an  effect  is  already^ 
though  somewhat  obscurely,  apparent. 

Pre  existing  magnetization, — If  the  inference  derived  in  the  foregoing 
paragraph  be  correct,  then  must  it  be  immaterial  whether  a  glass-hard 
nnmagnetic  steel  rod  is  first  annealed,  say  in  steam,  at  100^,  until  the 
final  mechanical  state  for  this  temperature  has  been  practically  reached 
and  then  magnetized  to  saturation,  or  whether  the  rod,  originally  sat- 
urated, is  annealed  and  then  remagnetized,  as  in  the  previous  ciise. 
The  ultimate  result  must,  in  other  words,  be  independent  of  preexisting 
conditions  so  long  as  these  are  effects  of  a  lower  order  than  correspond 
to  the  given  temperature. 

In  order  to  give  this  question,  which  partakes  of  the  nature  of  a 
crucial  test,  due  experimental  consideration,  two  rods,  Nos.  13  and  14, 
of  equal  length,  were  broken  from  a  glass-hard  sample  of  th!^  ^^^'oi^ 
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thickpess  (0.084  cm.)  and  material  as  Nos.  11  and  12.     The  Constantsa^ 
the  new  magnets  are : 


Kal8. 

NaU. 

Length 

HaM 

9l1 
0.879 

Iklcm, 

Of  tbese^  No.  14  was  magnetized  to  saturatioa;  No.  13,  however,  left 
nnmagnetized.  Both  were  then  exposed  to  the  action  of  steam,  aod 
the  progress  of  the  annealing  investigated  by  repeated  measaremeots 
of  the  specific  resistances  of  the  rods.  Unfortunately,  a  piece  of  No.  13 
was  accidentally  broken  off  in  clamping.  The  new  rod  (No.  13)  was 
8.7  cm.  long  and  weighed  0.363^.  The  two  wires  in  their  present  condi- 
tion would  not,  however,  permit  us  to  discuss  the  question  from  a  snfi 
ciently  broad  standpoint,  and  we,  therefore,  selected  three  other  wires 
of  the  diameter  0.2  cm.,  so  chosen  as  to  present  nearly  the  same  specifie 
resistances,  viz : 


I 


No.  v.. 

No.  VI. 
KO.VII 


«  —  42.4  f ^p 0*  mlorofam.  j 
«  =  42.6         Da 


f  =  42.2 


Do. 


The  rods  were  tempered  by  sudden  cooling  after  heating  to  rednea 
in  the  flame  of  a  biast-lamp.  Out  of  the  first  but  a  single  magnet  was 
taken,  No.  15,  and  but  one,  No.  16,  from  the  second ;  while  to  the  third 
and  most  homogeneous  of  the  three  tlie  two  shorter  magnets,  Nos.  17* 
and  18,  owe  their  origin.  It  was  intended  to  have  the  lengths  of  Nos.  15 
and  16  and  of  Nos.  17  and  18  identical,  but  it  is  difficult  in  the  case  of 
wires  of  this  thickness  to  break  them  off  at  a  prescribed  mark.  Small 
variations  of  length  are,  therefore,  unavoidable.  The  constants  of  the 
four  magnets  (0.21  cm.  thick)  are : 


No.  15. 

Nal6. 

No.  17. 

2.90 
a773 

No.  18. 

Length  .0fi». 
Mass g. 

7.2 
1.90 

7.8 
1.92 

2. 95 
0.776 

These  were  now  treated  in  a  manner  analogous  to  that  applied  to 
Nos.  13  and  14;  11  hours  of  annealing  in  steam  at  100^  transferred 
them  into  the  final  state  of  temper  for  this  temperature,  not  completely, 
it  is  true,  but  sufficiently  so  for  the  purposes.  All  were  now  remag- 
netized.  Nos.  15, 16, 17, 18,  acted  on  by  steam  for  some  time,  and  tbeir 
magnetic  behavior  examined,  were  then  remagnetized  again,  and  onoe 
more  annealed.  N"o8. 13  and  14,  however,  were  first  exposed  to  a  lower 
temperature,  that  of  boiling  methyl  alcohol  at  66°,  during  a  certain  in. 
terval ;  and  not  until  th^  magnetic  limit  for  66°  had  been  fully  reached 
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were  they  exposed  in  steam,  in  order  that  the  limiting  value  of  perma- 
nent specific  magnetism  corresponding  to  the  new  temperature  (100^) 
might  in  its  turn  appear.  The  data  expressing  the  magnetic  efiect  of 
these  operations  are  detailed  in  the  following  tables,  71  and  72.  As 
before^  W  denotes  the  resistance  per  meter  of  length  of  rod  at  ^,  s  the 
corresponding  specific  resistances  at  zero. 

Table  71.— Imito  of  magneiie  siaU  at  100<>. 


Time  of  exposure. 

Magnet  No.  la 

Magnet  No  U. 

IT 

( 

•  f 

m 

W 

1 

f 

m 

Qlau-hard. 
0"lalOO^   

ohm. 
0.734 
721 
701 

666 

646 
632 
622 

C. 
9.0 
9.0 
9.0 

ao 

9.0 
0.0 
9.0 
9.3 

mierohm. 
39.7 
39.0 
87.9 
37.0 
35.9 
34.9 
84.1 
3a5 

abt.£. 

ohm. 
0.741 
726 
707 
688 
669 
650 
634 
626 

C. 

9.1 
9.1 
9.0 

ai 

9.0 
9.0 
9.0 
9.8 

microhm. 
40.1 
39.3 
3a2 
37.2 
86.1 
35.0 
84.2 
33.6 

abt.E. 
51.4 

10"  in  100° 

48.7 

-l-20"ln  100® 

45.8 

-i-30'»iii  lOOo 

4a  4 

-4-  1^  inlOOO 

4a  9 

4-  2*  in  100« 

89.1 

-+-  8*  inlOOo 

8& 

4-  4^  in  100© 

Knd  r<MnAimAti««u1 

87.4 

49.9 

4a  3 
4a  0 
4a  0 

47.5 
47.5 

49.*. 

1^  in  660 

4a  4 

-f  2^  in  66° 

47,1 

-f  3^  1n66o 

. 

47.4 

l^  inlOO® 

47.1 

-f  3*  in  100® 

47.1 

Tablb  72.— L^tto  of  magneiio  iiate  at  lOO^. 

Time  of  exposare. 

Magnet  No.  15. 

Magnet  No.  16.  . 

1 

No.  17. 

N0.1& 

W 

1 

« 

m 

W 

t 

i 

» 

m 

• 

GUm-kmrd, 
0"inlOOO 

4&1 
47.2 
87.4 
38.2 
3C.3 
27.8 
26.0 
24.8 
24.5 
45.3 
43,7 

4a  6 
4a  6 

4^2 
44.0 
43.7 

4a  5 
4a4 

*29*2" 
27.8 
27.6 
27.4 
29.3 
27.8 
27.6 
27.4 
27.3 

82.3 

One  day  after  temperiiDig 
WinlW* 

0.1277 
1219 
1165 
1128 
1087 
1048 
1021 
1011 

a  7 

9.3 
9.6 
9.7 
9.0 
9.1 

a3 

10.0 

42.4 
40.4 
3a6 
37.3 
85.9 
84.6 
33.7 
8a3 

'ia'i" 

41.8 
41.7 
41.6 
43.4 
42.1 
41.9 
41.7 
41.6 

0.1282 
1218 
1167 
1129 
1084 
1049 
1024 
1008 

a8 

9.8 
9.8 
9.7 
9.0 
9.1 

a5 

10.00 

42.5 
40.3 
38.6 
37.3 
35.9 
34.7 
33.0 
33.2 

81.5 
21.4 

-|-20"inl00o 

17.5 

-f80»  in  lOOo 

laa 

-4-  1^  iulOO(> 

ia4 

4-  2^  In  lOOo 

ii.i 

-4-  8^  in  lOOO 

1L2 

4-  4^  in  lOOo 

10.7 

xtod  remAgnetlzed 

30.1 

10»  InlOOO 

• 

1 

2a« 

4-20*  in  JOOo 

1 

28.  X 

4-30"inlOOO 



■ 

........|....... 

2a  2 

lU*^  remfMrnMiiEed  .     . 

...... ..|...... . 

1 

sat 

10*inlM* 

2M.8 

4-20»inl00o 

28.4 

4-30»inl00o 

........ 



28.4 

4-  8*  InlOO* 

28.8 

..•••... 

Magnetic  effect  of  annealing — Final  result. — In  this  series  of  results 
our  views  are  fully  corroborated.  When  the  limiting  stat^  of  hardness 
conditioned  by  the  temperature  of  annealing  T  has  once  been  reached, 
then  it  is  wholly  immaterial,  in  so  far  as  the  subsequent  magnetic  be> 
havior  is  concerned,  whether  the  rod  was  originally  a  magnet  or  not. 
The  consecutive  values  of  m  for  Nos.  15  and  16,  as  well  as  Kos.  17  and 
18,  after  11  hours  of  annealing  and  remagnetization  have  been  applied, 
manifest  a  perfectly  similar  progress  throughout.  The  same  is  true  of 
Nos.  13  and  14,  both  while  in  vapor  of  methyl  alcohol  «a^^  ^\i^\<^  \a. 

Bull.  U 11  (753) 
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8team.  It  will  be  observed  that  the  limitiDg  magnetic  state  for  6^ 
differs  from  that  of  lOO^,  although  neither  is  able  to  effect  any  further 
change  in  the  qualities  of  the  material.  Whence  it  follows,  in  complete 
analogy  with  the  results  formerly  found  in  the  case  of  simple  anneal- 
ing, that  in  the  present  case  each  given  temperature,  after  having  been 
applied  to  a  glass-hard  rod  to  produce  and  consamniate  the  mechanical 
effect,  and  thereupon  to  the  remagnetized  rod  for  magnetic  effect,  hBA 
its  particular  and  characteristic  magnetic  limit 

Simultaneous  variation  of  specific  resistance  and  magfieti^ni  {low  temper- 
ature). — In  Fig.  21  the  diminution  of  SQecific  resistance,  together  with 
the  simultaneous  variation  of  specific  magnetism  dae  to  annealing  at 
KKP,  has  been  graphically  represented.  The  results  are  those  above 
given  for  the  magnets  Nos.  11, 14, 16, 18.  The  similarity  in  the  two 
sets  of  curves  suggests  an  inquiry  into  the  mutual  dependence  of  these 
quantities.    In  figure  22  we  have  plotted  specific  resistance  as  abscissa 


C5 


BO 


60 


40 


80 


fO 


\ 

\ 

\ 

•  \ 

\      >  2n 

cvm 

m 

%  a'109 

• 

\ 

^^y9i 

ScwBS 

rciU4» 

« 

so  '^O  30  SO 

SarBiusB  {specific  reBtsicaice^ microhm,)  decrcMLrCnff. 

TPiQ.  22.— Simnltaneoafl  variation  of  specific  rnaiinetiflm  and  specific  resistanoe  in  case  of  cootioned  am 

nealiog  (low  temperatures). 

and  specific  magnetism  as  ordinate.  The  points  are  found  to  lie  on  loci 
of  small  curvature,  approximately  parallel  to  one  another.  The  mem- 
bers of  the  family  appear  the  more  nearly  linear  the  greater  a^u 

and  therefore  the  simpler  the  linear  distribution  of  the  magnetism.  All 
are,  of  course,  ouly  the  initial  parts  of  far  more  extensive  curves  to  Ix^ 
obtained  by  continuing  the  annealing  at  temperatures  higher  than  1(HF. 
The  data  for  Nos.  11,  14,  16,  and  17,  moreover,  show  in  how  far  the 
diminution  of  specific  magnetism  from  the  original  to  the  final  value,  as 
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resulting  from  annealing,  is  dependent  on  the  ratio  of  dimensions  a. 
We  have  the  following  values  for  the  amounts  lost: 

62.6-43.8 


No.  11 


No.  14 


No.  16 


No.  18 


€2.6 
51.4-37.0 

51.4 
48.1-24.5 

48 
32.3-10.7 


=30  percent.; 
=28  percent.; 


^j-i-  =49  per  cent ;  ^=« 
•1  1) 

L 


32:3 


=67  percent.; 


=    =^ 
2)     "    0.207 


=  14. 


It  appears,  therefore,  that  long,  thin  magnets  lose  decidedly  less  than 
those  of  small  length.  But  the  initial  intensity  is  not  without  influence. 
For  instance,  although  both  No.  11  and  No.  14  were  originally  saturated, 
the  former  retained  a  larger  quantity,  whether  in  virtue  of  its  state  of 
hardness  or  from  small  differences  of  chemical  composition  does  not 
appear;  for  the  loss  of  No.  11  is  greater,  or  else  that  of  No.  14  smaller, 
than  the  other  values  would  indicate. 

In  a  similar  manner  the  influence  of  hardness  appears  in  a  series  of 
experiments  made  with  ten  small  steel  parallelopipedons  of  nearly  the 
same  dimensions.  These  magnets  (designated  by  No.  VII  to  No.  XYI), 
2.5  cm.  long,  0.4  cm.  broad,  and  0.3  cm.  thick,  of  the  same  material, 
were  gl<iss-hardened  in  the  same  way — in  so  far  as  this  is  possible  in  the 
ordinary  method  of  tempering — and  finally  magnetized  to  saturation  by 
the  action  of  the  same  magnetic  field  (helix).  The  following  tabular 
comparison  of  the  results,  however,  shows  variations  of  a  kind  such 
that  few  consistent  inferences,  with  the  exception  of  that  emphasizing 
the  effect  of  hardness,  can  be  deduced  from  them.  But  from  this  very 
fact  the  importance  of  structural  effects  is  again  clearly  indicated. 

Table  73.— Xtmite  of  maifnetio  ttate  at  100°. 


WelKht(«) 

Specific  mainietiam : 

OlaM-hard,  satanited 

4^  in  steam         

Rods  remaffnetised 

2^  in  steam 

Loss  in  per  cent  of  original  Talae  (m) : 

First  loss 

Second  loss 


VIL 

VIII. 

IX. 

X. 

XI. 

2L68 

2L4S 

2.48 

2.47 

2.82 

1L18 
2.70 

10.05 
7.91 

14.11 

2.89 

12.20 

11.06 

14.03 

3.93 

12.31 

10.93 

16.11 

4.34 

13.25 

12.09 

14.16 

4.C6 

12.79 

1L44 

76 
21 

80 
10 

72 
12 

71 
9 

71 
11 

Table  74. — Limiia  of  magnetio  $tate  at  100<^. 


Weight  (If) 

specific  masnetiam : 

Glass-bard,  saturated 

4^  in  steam 

Bods  remaicnetized 

2^insteom 

Loss  in  per  cent,  of  original  ▼alae  (m) : 

First  loss 

Second  loss 


xir. 

XIIL 

XIV. 

XV. 

XVL 

2.51 

2.41 

2.48 

2.89 

2.48 

12.47 
4.09 

n.5o 

9.80 

14.05 

8.06 

18.00 

11.82 

14.64 

4.58 

13.61 

12.45 

16.56 

5.55 

16.72 

13.70 

1&76 

4.56 

14.86 

13.84 

67 
15 

78 
9 

68 
9 

67 
13 

71 
10 
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Specific  resistance  and  specific  magnetism — Higher  temperatures  of  an- 
nedling. — The  following  final  exx>eriment8  on  the  relation  between  mag- 
netic  mdment  per  unit  of  mass  and  the  respective  specific  resistance,  in 
case  where  a  diminution  of  both  qualities  is  effected  by  annealing,  give 
further  insight  into  the  nature  of  this  functionality.  Two  magnets,  Nos. 
19  and  20,  were  broken  from  a  glass-hard  rod,  No.  YUI  (diam.  0-147  cm.), 
and  exposed  for  different  lengths  of  time  in  hot  batbs.  The  constants 
of  the  magnets  are  these : 


Leng^ 

Mass 

Dimension  ratio 


L-  1.50 
fL=  0.193 
a  =10. 2 


9. 09  cm. 
1.172^ 
61.9 


The  results  obtained  by  examination  at  different  stages  of  the  opera- 
tion of  annealing  are  given  by  the  following  table : 

Table  75 —  Simulianeous  variations  of  magnetization  and  galvanic  kardnetSj  for 

tinned  annealing. 

Magnets  Nos.  19  arid  20. 


Time  of  exposure. 


Olaea-hard.. 
20-lnlOOo 
-f  2*  in  lOOo 
+10"  in  1850 
-j-  6^  in  185° 
+  1"  in  380O 


Wlm 

•   t 

t 

m 
Nal9 

Ko.20 

Ohm 

oC. 

tnicTohnt. 

0.283 

11.5 

47.0 

21.25 

39.1 

0.2ff7 

12.0 

44.2 

12.56 

29L5 

0.245 

12.0 

40.5 

7.74 

22.3 

0.202 

11.6 

33.4 

3.98 

1&8 

a  182 

1L3 

26.7 

2L45 

17.5 

0.120 

10.0 

19.6 

0.25 

14.4 

These  curves  (figure  23)  pass  from  convexity  as  regards  the  axis  x 
through  a  point  of  circumfiexion  into  concavity.    Both  loci  are  veiy 


40 


MardiLBBS  (specific  resistanjDejn^crc^arL )  decrcasinff^ 

Fio.  23. — Simnltaneous  variation  of  specific  magnetism  and  specific  resistance  in  caae  of  continaed  aiK 

nealing  (liigh  iemperatares). 

much  alike,  decreasing  rapidly  near  the  origin  as  well  as  near  their  ex- 
treme points  (annealed  at  330^).    Short  magnets  lose  their  magnetiza- 

(756) 


BiuiuB  AND  8TB0UHAL.1      DIRECT   AND   INDIRECT   ANNEALING. 


165 


tioD  when  exposed  to  temperatures  at  more  rapid  rates  than  long  ones. 
The  latter,  on  the  whole,  show  greater  magnetic  permanence  than  the 
former. 

The  interpretation  of  these  phenomena  is  difficult.  But  it  is  in  place 
to  present  the  salient  points  to  be  considered  here.  For  the  reasons 
given  on  page  145,  a  perspicuous  relation  between  magnetism  and  resist- 
ance can  only  be  anticipated  in  case  of  linear  rods.  The  results  in 
hand  conform  with  this  view  to  the  extent  that  the  observed  curva- 
ture diminishes  in  marked  degree  in  proportion  as  a  increases 
(cf.  Fig.  22).  In  general,  moreover,  there  are  two  phenomena  su- 
perimposed: the  direct  magnetic  effect  of  temperature  and  a  much 
larger  indirect  effect,  the  latter  being  the  magnetic  effect  of  a  change 
of  hardness  (annealing)  produced  by  temperature,  simultaneously.  In 
the  case  of  a  given  rod  [a  constant  and  large)  the  direct  effect  is  a  func- 
tion of  time  and  temperature.  The  indirect  effect,  on  the  other  hand, 
must  be  expressible  as  a  function  of  %  since  this  quantity  shows  the 
amount  of  change  of  mechanical  state.  Take  rod  No.  11,  in  which 
a  is  large,  for  instance,  and  deduct  the  direct  effect  given  in  Table  69 
from  the  superimposed  effects  given  in  Table  68;  the  variation  of  mag- 
netic moment  (fti^)  and  hardness  for  the  indirect  effect  alone  is  given  in 
this  table : 


Time  of  annealing. 

* 

Direct  effect,     i  Indirect  effect. 

1 

• 

0 

02.6 
60.5 

62.6 
61.  B 

80.6 

^1 

87.6 

86.7 

36.7     • 

84.8 

34.1 

88.6 

83.1 

32.8 

10  ninntM 

20  minntM 

ML  0             1             68. 4 
52.6             1             65.6 
50.  0                           53.  G 
47. 3              1              60. 3 
46. 1                           49. 1 
45. 1              1             48. 1 
44.  3                          47. 8 
43. 8              '             46. 8 

aominntes 

1  hoar 

2  honn 

3  hours 

4  hoars 

5  hours 

0  hours 

Here,  therefore,  the  relation  l>etween  m'  and  « is  approximately  linear. 
Thus  far,  however,  magnetizability  has  decreased ;  its  variation  is  small. 

A  passage  to  higher  annealing  temperatures  is  accompanied  by  a 
marked  incTeme  of  magnetizability.  The  actual  magnetism  possessed 
by  the  rod  after  thorough  anne<aling  in  the  lower  temperature  (lOOo), 
may,  therefore,  fall  so  far  short  of  the  attainable  saturation  at  a  higher 
temperature  as  not  to  be  affected  sensibly,  either  by  the  direct  or  the 
indirect  influence  of  the  said  higher  temperature.  This  inference  is 
substantiated  by  the  data  in  Table  75  for  the  rods  Nos.  19  and  20.  The 
slight  variation  of  specific  magnetism  in  the  case  of  higher  annealing 
temperatures  (185°,  330O)  is  exhibited  in  Fig.  23  by  the  approxi- 
mately horizontal  parts  of  the  corresponding  curves.  It  follows,  there- 
f6re«  that  before  the  relation  of  magnetism  and  resistance  can  be 
thoroughly  discussed,  the  character  of  the  relation  between  maximum 
of  permanent  magnetism  and  hardness,  which  in  Figs.  17  and  18  ia 
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graphically  given  for  ordinary  teini>eratare8y  must  be  known  for  all 
other  temperatores.  In  other  words,  a  family  of  curves  such  as  given 
by  Figs.  17  to  20  exists  with  equal  deflniteness  for  higher  tempera- 
tures (100^,  200Oy  30(Py  etc.)  and  from  the  co-ordinatiou  of  such  series 
of  families  the  value  of  the  direct  or  purely  magnetic  effect  of  tempera- 
ture is  deducible  for  any  given  circumstances. 

Furthermore,  the  increments  of  the  superimposed  magnetic  effects 
and  the  simultaneous  increments  of  specific  resistance  should  be  com- 
pared when  obtained  under  circumstances  such  that  the  (linear)  rod  re- 
mains, as  nearly  as  possible,  in  a  state  of  magnetic  sataration.  It  is, 
therefore,  essentially  necessary  to  compare  increments.  The  character 
of  the  direct  effect  being  known,  that  of  the  indirect  effect  follows. 

It  will  be  observed  that  the  difficulty  encountered  here  is  t  he  result  of 
variation  of  magnetizability.  Moreover,  the  direct  and  indirect  effects 
need  not  necessarily  vary  independently  of  each  other  when  sux>erim- 
posed. 


MAGNETIC    RET£NTIV£NESS    AS    REGARDS   THE    EFFECTS     OF    PER- 
CUSSION  AND   TIME. 

Effects  of  temperature^  percussion^  time. — The  use  of  annealed  in  the 
place  of  glass-hard  magnets  for  magnetic  instruments,  procures  for  ns 
the  decided  advantages  of  a  diminished  sensitiveness  as  regards  the 
influence  of  temperature.  If  a  magnet,  which  is  thus  to  be  used,  is 
annealed  at  a  given  higher  temperature  T^ —  we  will  continue  to  sup- 
pose it  produced  with  steam,  a  method  both  convenient  and  satis- 
factory— until  the  limit  of  hardness  characteristic  of  this  temperature 
has  been  attained,  then  will  this  material  be  perfectly  passive  in  so  far 
as  temperatures  below  T^  are  concerned.  If  the  rod  is  then  magnetized 
to  saturation — how  often  soever  this  may  have  been  previously  done  is 
entirely  without  consequence — and  again  thoroughly  annealed  at  T^, 
then  the  magnet  will  in  a  comparatively  short  interval  of  time  arrive 
at  a  stable  and  limiting  magnetic  state,  wbich  when  exposed  to  tem- 
peratures below  JO  will  in  its  turn  be  equally  passive,  ».  <?,,  suffer  no 
permanent  magnetic  variations.  But  where  magnets  are  to  be  used  for 
purposes  of  measurement,  a  full  guarantee  for  their  stability  as  regards 
permanent  effects  from  changes  of  atmospheric  temperature  is  not  the 
only  desideratum.  The  efficiency  of  the  magnet  is  conditioned  almost 
to  an  equal  extent  by  its  power  of  magnetic  retention  against  such  iu- 
fluences  as  percussion  or  rapid  vibration,  or  indeed  the  prolonged  effect 
of  time.  That  the  methods  previously  employed  for  the  constructiou  of 
magnets  for  practical  purposes  are  invariably  deficient  in  this  respect 
is  well  known,  and  it  will  therefore  be  adequate  to  add  in  this  place  a 
single  authoritative  statement  only. 

(758) 


»A«OT  AM)  tTBOUHAL.1   MAGNETIC  PERMANENCE — WILD's  RESULTS.         167 

OhservationB  of  WUd. — In  the  *<  Annalen  des  physikalischen  Central- 
observatoriums,"  St.  Petersburg,  p.  63, 1878,  H.  Wild  discusses  the  effi- 
ciency of  Edelmann's  bifllar  magnetometer  and  refers  to  the  magnet  of 
this  apparatus  as  follows: 

Obgleloh  der  Magnet  naob  seiner  Magnetisirong  abweohaelnd  einer  Temperatur  von 
(P  nnd  30^  oa.  30  Mai  aosgeaetzt  worden  war,  am  ihn  jtermanenter  zn  macben,  fand 
dooh  eine  scbnelle  Abnabme  des  magnetischen  Momentes  statt,  so  dass  sie  mehrfacbe 
Yerstellongen  nnd  Verfindernngen  erforderte.  Damit  nfimlicb  die  Scala  noch  nictft 
gans  ans  dem  Qesiobtsfelde  heransrUokey  mnsste  scbon  am  17.  April  (seit  Anfang  De- 
cember) der  Torsionswinkel  am  1^  51^5  yennindert  werden,  am  wieder  die  Mitte  der 
Scala  in  das  Geeicbtsfeld  des  Femrobis  sa  bringen  .  .  .  Da  die  Vermindemng  deg 
Magnetiscben  Momentes  des  Stabes  ancb  in  folgenden  Monaten  nngescbwacbt  fortdaa- 
erte,  so  befttrobtete  ich,  es  sei  der  Magnet  schlecbt  nnd  liess  nacb  dem  Mnster  des- 
selben  einen  nenen  beretellen. 

A  numerical  estimate  of  these  variations  is  furnished  by  the  follow- 
ing data:  The  magnet  in  question  was  8.0  centimeters  long,  2.1  centi- 
meters broad,  and  0.22  centimeter  thick ;  its  magnetic  moment  M  and 
specific  magnetism  m  were  found  initially,  after  the  change  of  tempera- 
ture mentioned,  to  be^— 

Jf  =954.2  m=28.31; 

after  9  months : 

Jf=914.5  m=27.14 

The  mean  loss  per  month  was  therefore  as  high  as  0.46  per  cent,  of 
the  original  value,  but  the  new  magnet  was  hardly  found  to  be  prefer- 
able to  the  old.  On  page  8  of  the  ^^Aunalen  des  Gentralobservatoriums, 
etc.,'^  1879,  H.  Wild  reports  as  follows : 

Ancb  der  nene  Magnet  verier  nacb  der  Auf  ban  gang  am  Bifilar  nocb  fortwahrend 
bis  znm  Scblnsse  des  Jabres  so  viel  Magnetismns,  dass  eine  Bearbeitnng  der  Beobacb- 
tnng  an  diesem  Bifilar  nicht  erfolgen  konnte. 

This  magnet  had  also  been  subjected  in  the  usual  manner  to  16  suc- 
cessive changes  of  temperature  between  0^  and  56^. 
The  following  data  show  the  extent  of  these  variations  accurately: 
On  the  29th  of  December,  1878,  immediately  after  magnetization  the 
magnetic  moment  M  nnd  the  specific  magnetism  m  of  the  bar  were 

i¥=1852  w=56.0 

Some  time  after,  on  the  4th  of  February,  1879, 

Jf=1756  w=52.1 

After  16  changes  of  temperature  between  0^  and  55^, 

Jf=:1694  m=50.3 

The  explanation  of  these  results  on  the  basis  of  our  investigation  is 
no  longer  difficult.  It  was  customary — following  Eiess  and  Moser,  who 
considered  the  time  of  exposure  to  the  higher  temperature  as  of  no 
consequence — to  put  the  principal  stress  on  the  condition  of  a  change 
of  temperature.  As  a  result,  the  magnet  was  subjected  to  the  influence 
of  the  higher  temperature  only  long  enough  to  heat  It  uniformly  through- 
out.   Even  Holmgren  contended  that  permanent  and  hurtful  eflFects  of 
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temperatures  between  given  limits  {(P  and  100^)  could  be  made  to  vaDiah 
by  repeated  alternations  of  temperature  from  the  iDferior  (0^)  to  the 
superior  (10(K>)  limit,  and  with  this  end  in  view  heated  and  recooled  his 
magnet  fully  213  times.  Possibly  this  might  actually  suffice.  If,  how- 
ever, as  18  usual,  only  20-40  alternations  are  made  (and  even  this  is 
tedious  and  troublesome,  consuming  much  time),  a  sufficieutlj  advanced 
%tate  of  annealing  can  hardly  have  been  attained.  To  a  much  smaller 
extent  even  will  this  be  the  case  where  temperatures  only  ;)s  high  as 
50O  are  employed.  The  magnet  therefore  practically  remains  in  an  ex- 
treme of  glaas-hard  state,  a  condition  in  which  strains  of  an  intensity  so 
enormous  exist  in  the  rod,  that  irrespective  of  other  causes,  changes  of 
mechanical  state  purely  the  results  of  time  may  be  anticipated.  By  the 
process  of  annealing,  these  abnormal  strains,  so  to  si^eak,  are  diminished 
to  values  which  insure  far  greater  stability  of  mechanical  state. 

Better  results  are  obtained  by  application  of  higher  tem|>eratures  than 
50^,  if  the  action  of  these  is  sufBciently  prolonged.^  For  instance,  a  mag- 
net, destined  to  become  a  part  of  the  bifilar  at  the  Physical  Institute 
at  Wurzburg,  was,  after  magnetization,  held  for  ten  minutes  in  boiling 
water  and  then  adjusted  in  place.    The  original  specific  magnetism  was 

found  to  be 

m  =  28.96  M  =  2397 

After  the  annealing 

m  ==  24.43  M  =  2023 

Since  that  time  the  bifilar  has  been  in  continual  use,  and  the  behavior 
is  quite  satisfactory.  If  we  observe  how  great  is  the  initial  change  of 
hardness,  relatively  speaking,  during  the  first  ten  minutes  of  exposure 
to  100^,  we  infer  that  even  this  amount  of  annealing  is  sufficient  to  re- 
duce the  hurtful  excess  of  strain  to  a  degree  that  insures  fair  stability. 
A  constancy  of  magnetic  moment  under  like  conditions  is  the  result. 

Obviously,  however,  results  of  better  permanence  will  be  reached 
where  the  annealing  at  the  practically  convenient  temperature  of  100^^ 
is  sufficiently  prolonged  to  leave  the  magnet  in  the  limiting  mechanical 
stiite  characteristic  of  this^temperature.  But  unfortunately  such  a  pro 
cess  would  diminish  the  magnetic  intensity  very  materially  ;  indeed,  in 
the  usual  case  of  a  ratio  of  dimensions  a  =10  .  .  .  .  20,  a  lo.ss  of  even 
more  than  70  per  cent,  is  frequently  met  with  in  the  above.  If,  how- 
ever, the  bar  is  again  magnetized  to  saturation,  the  original  intensity 
will  be  very  nearly  regained;  whereupon,  if  the  process  of  annealing  is 
once  more  applied,  a  limiting  magnetic  state  possessing  the  desired  sta- 
bility, is  reached,  with  a  loss  of  magnetization  amounting  to  only  o  to 
10  per  cent. 

Maximum  hardness  and  ma,gnetization  for  100°,  stable  at  0°. — ^ow, 
there  is  ample  reason  lor  the  belief  that  rods  in  this  siuj::ular  magnetic 
state  i)08sess  the  best  available  qualities  of  magnetic  retention.  If  a 
glass-hard  saturated  magnet  be  dropped,  the  result  is  invariably  a  loss 
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of  magnetic  moaient  This  is  by  no  means  tbe  case  with  rods  subjected 
to  tbe  treatment  specified.  Even  if  a  sharp  blow  be  intentionally  ad- 
ministered, or  the  magnet  be  thrown  with  violence  upon  the  floor,  the 
action  is  without  apparent  magnetic  effect.  As  an  example  we  will  cite 
the  following  observations  made  with  a  short  and  thick  magnet.  It  is 
known  that  the  retentiveness  of  sncbis  much  inferior  to  that  of  long, 
thin  rods. 

The  magnet  was  2.5  centimeters  long,  0.4  centimeter  broad,  and  0.3 
centimeter  thick.  At  the  outset  it  was  pur]K)sely  boiled  for  but  4  hours 
in  water;  then  magnetized  to  saturation,  and  subjected  during  2  hours 
to  the  action  of  steam.  Our  magnetometer  showed  the  following  aver- 
age deflection  of  five  readings  (scale-parts  millimeters) : 

n  =  27.00 

Then  the  magnet  was  placed  on  a  block  of  wood,  and,  with  the  aid  of  a 
second  block,  sharply  struck  30  times  at  right  angles  to  the  direction  of 
its  magnetic  axis,  and  20  times  in  a  direction  with  it.  After  placing  the 
magnet  aside  for  a  time,  in  order  that  its  original  temperature  might  be 
reassumed,  the  reading  at  the  magnetometer  was 

n  =  26.97 

The  same  process  was  repeated,  with  the  result 

n  =s  26.93 

Even  if  the  slight  diminution  from  27.00  to  26.93 — about  0.3  per  cent. — 
had  existence  in  fact — that  is,  was  not  due  to  errors  of  observation,  but 
to  magnetic  moment  lost — still,  as  it  represents  the  magnetic  effect  of 
100  powerful  blows,  it  is  certainly  negligible.  But  this  magnet  has  not 
yet  reached  the  maximum  of  permanent  hardness  for  100^.  Whence  it 
follows  that,  from  a  rigid  application  of  our  method,  results  more  satis- 
factory even  than  this  are  to  be  looked  for. 

Experiments  of  a  determinate  and  final  character  were  made  upon  a 
hollow  cylindrical  magnet,  weighing  109.32  g.  The  length  of  the  tube 
was  16  centimeters,  its  outer  radius  1.6  centim'iAers,  its  inner  radius  1.2 
centimeters.  After  tempering  to  glass  hardness  it  was  magnetized  to 
saturation,  then  annealed  in  steam  at  100^  for  a  period  of  30  hours. 
After  this  the  cylinder  was  once  more  magnetically  saturated  andi^here- 
upon  reannealed  in  steam  for  10  hours.  The  specific  magnetism,  deter- 
mined from  time  to  time,  showed  the  following  values: 

Magnet  glass-hard,  saturated w  =  41. 0 

10  hours  in  steam  at  100^ m  =  26. 1 

20  hours  in  steam  at  100^ m  =  25.2 

30  hours  in  steam  at  lOOo m  =  24.8 

Magnet  annealed,  resatnrated wi  =  39. 9 

5  hours  in  steam  at  100^ m  ==  33. 8 

10  hours  in  steam  at  lOOo w=:33.1 
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In  the  last  instance  the  needle  of  our  magnetometer  for  a  distaoce  of 
72.9  centimeters  of  the  magnet  and  a  rotation  of  the  same  of  1>^P,  was 
deflected  over  91=475.6  scale-parts  (millimeters),  where  250  centimeten 
intervened  between  mirror  and  scale  and  the  whole  measorement  was 
subject  to  the  conditions  of  Gaass's  second  position. 

Tbe  magnet  was  now  introduced  into  a  long  and  wide  glass  tube  and 
allowed  to  fall  vertically  for  a  distance  of  1.5  meters,  impinging  ou  a 
block  of  wood.  This  was  done  once  with  the  north  pole  and  again  with 
the  south  pole  downward,  whereupon  the  deflection  was  fonnd  to  be 
n=:475.2  scale-parts,  and  10  minutes  later  n=475.6  scale-parts. 

We  then  allowed  the  same  magnet  to  fall  in  horizontal  position  from 
a  height  of  i  meter  upon  the  floor.  After  ten  of  these  descents  the  mag 
netometer  showed  n  =  474.7  scale-parts,  and  five  minutes  later  ii=475.0 
scale- parts. 

Finally  the  magnet  was  again  introduced  into  the  ^lass  tube  and 
dropped  in  vertical  position  from  a  height  of  1.5  meters,  with  tbe 
north  and  south  poles  alternately  foremost.  After  ten  repetitions  of 
this  treatment  we  observed  the  deflection  n  =  473.3  ;  after  three  mio- 
utes,  11=474.0 ;  after  thirty  minutes,  n=475.6. 

The  observed  difference  may  therefore  safely  be  referred  to  temporal}' 
thermal  variations,  partly  incident  to  the  percussion  experienced  by  tbe 
rod,  partly  due  to  contact  of  the  latter  with  the  hand  of  the  operator. 
A  destructive  effect  due  to  percussion  cannot  be  said  to  be  apparent 
at  ail,  despite  the  intense  shocks  to  which  the  magnet  was  exposed. 
The  temperature  of  the  room  (=6o.0)  did  not  vary  during  experiment 

After  these  results,  the  inference  is  warranted  that  the  maguetic  re- 
teutiveness  of  rods  tempered  and  saturated  in  the  manner  set  forth  will 
be  proof  against  effects  of  cold  of  the  same  order,  such  for  instance  as 
are  met  with  by  observers  in  the  polar  regions.  Direct  researches  on 
this  point  are  contemplated.  Whether  or  not  cold  is  capable  of  pro- 
ducing a  mechanical  annealing  effect  is  unknown.  Certain  it  is  tbat  it 
would  be  discernible  only  by  such  seusitive  methods  as  are  employed  in 
Chapter  II.  But  the  milked  magnetic  effect  produced  by  reduction  of 
temperature  has  long  been  understood.  Indeed,  J.  Trowbridge,  by  the 
use  of  carbonic  acid  and  ether,  was  able  to  diminish  the  magnetic  mo- 
ment in  this  way  fully  66  per  cent.  In  the  case,  however,  where  a  rod 
is  in  the  magnetically  stable  condition  as  regards  an  elevation  of  tem- 
perature of  say  lOOo,  it  is  altogether  probable  that  if  cooled  to  a  similar 
extent  it  will  continue  to  possess  the  desirable  quality  in  question. 

We  believe,  therefore,  in  the  method  described,  actually  to  have  foand 
a  process  for  the  construction  of  magnets  of  exceptional  constancy  and 
of  powerful  magnetic  reteutiveuess.  In  how  far  this  quality  may  be 
I)reserved  in  the  lapse  of  time,  will  have  to  be  deferrecl  to  the  verdict 
of  observers  by  whom  such  magnets  may  possibly  be  used.  How  ranch 
more  reliable  and  satisfactory  measurements  made  in  different  parts  of 
the  earth  will  be,  when  the  magnets  are  no  longer  liable  to  injury  from 
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the  sbocks  and  blows  QDavoidably  encountered  daring  transportation^ 
needs  no  farther  comment. 

In  conclusion,  we  desire  to  add  the  following  rules  for  the  practical 
construction  of  magnets : 

1.  Bods  tempered  glass-hard  are  never  to  be  used  as  essential  parts  of 
magnetic  instruments. 

2.  After  having  tempered  the  rod  in  a  way  that  insures  a  uniformity 
of  glass-hardness  throughout  its  length,  expose  it  for  a  long  time  (say 
20  to  30  hours ;  in  the  case  of  massive  magnets  even  longer  intervals 
are  preferable)  to  the  action  6f  steam  at  100^.  The  operation  may  be 
interrupted  as  often  as  desirable.  The  magnet  has  now  reached  the 
highest  or  hardest  of  the  mechanical  states  which  are  no  longer  in- 
fluenced by  temperatures  below  100^. 

3.  Magnetize  the  rod,  no  matter  whether  originally  a  magnet  or  not, 
to  saturation,  and  then  subject  it  during  a  period  of  about  5  hours  (in 
the  case  of  large  massive  magnets  even  longer  intervals  are  J>referable) 
to  the  action  of  steam  at  100^.  Then  the  magnet  will  have  reached  the 
highest  and  most  powerful  of  the  magnetic  states  which  are  no  longer 
influenced  by  temperatures  equal  to  or  less  than  lOOo.  The  magnet  is 
now  ready  for  use. 

It  may  be  added  that  the  advantages  of  using  steam  are  two  fold :  In 
the  first  place,  the  process  is  exceedingly  convenient  and  economical.^^ 
In  the  second,  it  will  be  remembered  that  the  temperature  100^  ulti- 
mately leaves  the  rod  in  a  condition  in  which  the  change  of  capacity  for 
magnetization,  as  hardness  decreases,  takes  place  along  the  contours  of 
a  very  flat  minimum.^^  Even  if  slight  changes  of  hardness  should 
subsequently  occur,  their  magnetic  effect  would  be  reduced  to  insignifi- 
cance, in  virtue  of  the  singular  variation  just  mentioned. 


ADBENDXTM. 

RESULTS  OF  PROF.  H.  WILD,  OF  ST.  PETERSBURG,  WITH  REFER- 
ENCE TO  MAGNETS  TEMPERED  AND  MAGNETIZED  BY  THE  METHOD 
PROPOSED    IN   THIS   CHAPTER."' 

We  are  fortunate  in  being  able  to  cite  in  this  place  some  results  con- 
firmatory of  the  efficiency  of  the  method  for  the  treatment  of  magnets 
proposed  in  this  chapter  bearing  the  authority  of  Professor  Wild.  In 
his  work  on  the  absolute  value  of  Siemens'  mercury  unit,  Professor  Wild 

*^  A  flask  with  a  loug  ueck  will  be  found  serviceable.  The  steam  condensing  in  the 
latter  runs  back  into  the  bulk  of  boiling  water.  Or  the  suspended  magnet  may 
simply  be  boiled.  The  prolonged  action  of  steam  is  in  no  way  deleterious  or  corrosive. 
The  rods  are  etched  uniformly  black  and  may  thus  be  polished. 

i^Cf.  Chapter  V,  p.  141. 

*^  H.  Wild :  Mtooires  de  TAcad^mie  imp^riale  des  sciences  de  St.-P^tersb.,  VII*  s^f.,. 
T.  XXXII,  No.  2,  p.  36. 
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made  une  of  a  large  magnet  coustrocted  with  exceptiooal  care  bv  E 
Freiberg,  out  of  ^^  Eibiswalder  Daturhartem  Woltram- StahL"  Its  dimeih 
8ioD8  (rectaDgalar  parallelopipedon)  and  weight  are  these :  length, 29 eei- 
timeters;  brea<lth,  3.6  centimeters;  thickness,  1.2  centimeters ;  weight. 
1,030  grams.  Tiiis  magnet  was  carefully  temi>ered  by  heating  to  lot 
redness  and  sudden  cooling  in  lime-water  at  20<^.  After  being  magDec- 
ized  to  saturation  between  the  poles  of  a  powerful  electro-magnet,  h 
was  kept  at  100^  for  35  hours ;  thereupon  again  magueti2:ed  and  exposed 
t/O  steam  for  10  hours  more.  The  following  are  the  observed  magnetie 
moments  (0.  6.  S.)  at  20^: 


1883. 
Ai»rU27 
April  30 
April  30 
Hay     1 


Alter  the  first  mainwtisAtkm 

After  35  hoara'  exposure  to  100^ 

After  the  second  magnetizatioD 

After  10  boors'  further  exposure  to  lOO^^ 


32.60xl0> 
24.66X10* 
3L  48x10* 
29. 15X10* 


On  June  2^  1883,  at20o,  Wild  obtained  for  the  same  quantity,  28.8  x  10*. 
The  magnet,  despite  the  treatment  which  it  had  experienced,  therefore, 
still  lost  about  1  per  cent,  of  its  total  moment,  during  the  intervening 
three  months.  But  this  variation  is  little  more  than  0.0001  of  the  total 
intensity  per  day,  if  the  loss  were  proportional  to  time.  Beferred  to 
July  1,  however,  when  the  actual  measurements  were  oommenced,  the 
said  decrement  cannot  be  estimated  as  above  0.00005  per  day — ^partieo- 
larly  so  if  it  be  borne  in  mind  that  the  diminution  in  question  must 
gradually  vanish  at  a  continually  decreasing  rate  through  infinite  time, 
or  that  a  final  and  definite  moment  is  being  asymptotically  apx>roached. 
Indeed,  the  said  limit  was  practically  reached  in  the  second  third  of 
July,  as  the  following  results  show.  Wild  further  remarks  that  fioal 
magnetization  of  28  O.6.S.  units  of  magnetism  per  gramme  ia  to  be  con- 
sidered as  a  satisfactory  value.    The  results  in  question  are  as  follows: 


Date. 


Jf.lO«= 


July 
jQly 
July 
Ang. 
Aag. 
Aug. 

Aug. 
Aug. 


21 

23 

26 

8 

4 

5 

10 

11 

13 


28.8018 
28.7840 
28.  7749 
28.7760 
28. 7771 
28.7834 
28.7844 
28.7754 
28. 7870 


DiffBTS  from  the  mean  by 


Mean  M:  10S=28. 7803 


-H.  00043  1 

— 

^ 

— 

43  1 

_ 

82 

H- 

31 

4- 

41 

49 

+ 

67 

±0.00045 

The  value  for  July  21  is  not  included  in  tbie  mean. 

We  venture  to  remark  that  with  so  unusually  large  a  magnet  even 
better  results  could  have  been  obtained  by  repeated  boiling  and  remag- 
netizalion.  In  consideration  of  the  dimensions,  the  decrement  of  1  per 
eent.  is  by  no  means  surprising.  The  tubular  magnet  discussed  in  the 
above  was  operated  upon  three  successive  times  by  our  method,  before 
<lefinite  adjustment  for  absolute  work.  We  are  not  aware,  however, 
whether  it  will  not  take  some  time,  in  order  that  a  magnet  kept  at  100^ 
may  thoroughly  regain  the  state  of  molecular  equilibrium  for  20^. 
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CHAPTER    VII. 

▲  PHTeOCCAI^  BEFTNITIOX  OF  STTSET.  BASED  OX  THS  KliECTBIC  BEHA- 
VIOR OF  IBOK  WITH  ORADUAXiI^T  INCKBASINO  BBGKBE8  OF  CABBU- 
RATIOK. 

INTRODUCTION. 

Nature  of  the  problem. — A  detailed  and  thoronghly  exhaustive  study 
of  the  problem  in  hand,  viz,  in  how  far  the  effect  of  carburation  on  the 
galvanic  and  thermo-electric  properties  t>f  iron  is  available  for  the  gen- 
eral classification  of  iron-carburets,  calls  for  working  facilities  at  a  pud- 
dling furnace,  for  instance,  or  other  technically  satisfactory  agency  for 
the  decarburation  or  carburation  of  iron.  Possibly,  however,  similar 
work  might  be  done  on  a  small  scale  in  the  laboratory,  if  the  neces- 
sarily complicated  apparatus  or  opportunities  for  constructing  the  same 
were  at  the  observer's  disposal.  These  advantages  were  not  within  our 
reach. 

The  problem  is  of  a  kind,  moreover,  which  is  apt  to  mislead  the  in- 
vefttigator  into  insuperable  and  almost  infinite  complications.  To  avoid 
these  it  is  absolutely  necessary  to  conduct  the  experiments  with  refer- 
ence to  some  thoroughly  preorgauized  plan.  In  the  absence  of  the 
above-mentioned  metallurgical  apparatus  we  were  obliged  to  content' 
ourselves  with  commercial  products,  and  the  main  purpose  of  the  present 
memoir  has  therefore  been  restricted  to  the  development  of  a  plan  or 
scheme  of  operations  for  the  general  and  tentative  study  of  the  electrical 
behavior  of  iron-carburets.  These  efforts  have  not  been  unsuccessful; 
indeed  they  appear  to  be  of  considerable  promise.  They  have  already 
afforded  us  a  method  for  the  physically  exact  definition  of  steel  which 
we  regard  as  important.  As  a  whole,  the  present  chapter  fiimishes  an 
essential  and  interpretative  sequel  to  our  researches  on  the  hardness  of 
steel. 

Electrical  manifestation  of  mechanical  properties, — The  very  remark- 
able effect  of  rapid  and  of  prolonged  cooling  from  red  heat,  respectively, 
on  the  physical  and  chemical  properties  of  iron-carburets  has  always 
been  a  subject  of  great  metallurgical  interest.^*''  In  the  case  of  steel 
the  contrast  between  the  two  states  or  conditions  thus  produced  is  par- 
ticularly well  marked  and  of  the  greatest  practical  value.  Experience 
has  shown,  however,  that  the  said  processes  may  be  applied,  with  much 
advantage,  to  most  of  the  other  iron-carbon  products.    It  is  thus  that 


^*^0n  KaTBten's  theory,  relative  to  the  nature  of  these  effects,  see  Percy's  Metallnrgy, 
edited  by  Wedding  and  others,  Vol.  II,  p.  167,  et  seq.,  Brannschweig,  1864. 
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the  questioD  naturally  suggested  itself  to  us,  whether  the  remarkable 
parallelism  discovered  in  the  variation  of  the  degree  of  hardness  of 
«teel  and  its  galvanic  and  thermoelectric  properties  was  not  to  be  con- 
sidered as  only  a  special  case  of  the  behavior  of  iron-carbarets  gener 
ally,  under  analogous  circumstances.  In  this  respect  we  believed  oor- 
43elve8  justified  in  predicting  that  those  characteristic  mechanical  quali- 
ties which  distinguish  steel  from  other  iron-carbarets  most  necessarily 
be  sharply  outlined  in  a  general  electrical  diagram  adapted  to  the  classiil^ 
cation  of  iron-carburets  as  a  whole.  A  similar  idea,  as  we  subsequentlj 
found,  seems  incidentally  to  have  occurred  to  Joule,  ^^  since  he  remarkB, 
after  having  given  the  necessary  experimental  data:  *^  I  believe  the  ex- 
cellence of  the  latter  metal  (steel),  might  be  tested  by  ascertaining  tk 
amount  of  change  in  thermoelectric  condition  which  can  be  produced 
by  the  procei^  of  hardening."  But  neither  Joule  nor  others  have  ^v^ 
the  subject  more  than  this  inadequate  consideration,  and  it  was  not 
until  our  investigations  on  steel  had  been  fully  developed  that  the  prob- 
lem attracted  our  attention. 

Critical  operations. — ^At  first  sight  a  comparison  of  the  electrical  in- 
tervals comprehended  between  the  hard  tempered,  and  soft  annealed 
states,  appeared  to  be  rich  in  promise;  but  the  processes  of  slow  and  of 
most  rapid  cooling  possible,  from  red  heat,  are  as  yet  not  sufficiently  de- 
fined, even  if  we  abstract  from  decarburation,  etc,  for  obtaining  iron 
carburets  in  two  characteristic  physical  states.  In  the  case  of  slow 
cooling  the  temperature  iu  red  heat  to  which  the  specimen  has  been 
exposed,  as  well  as  the  time  during  which  exposure  takes  place  are 
important  items,  particularly  when  the  casMrons  are  under  examina- 
tion. In  the  case  of  rapid  cooling  the  temi)erature  to  which  the  red- 
hot  rod  is  suddenly  and  permanently  lowered  is  additionally  to  be  con- 
sidered. It  would  not,  however,  be  difficult  to  define  the  two  processes 
in  question  succinctly.  A  rod,  for  instance,  suddenly  chilled  ft-om  red 
heat  In  water  at  ordinary  temperature  and  then  annealed  by  long  expoe- 
ure  in  ether  vapor  at  35^  might  appropriately  be  termed  glass-hard;  if 
annealed  in  vapor  of  sulphur  (500O)  or  of  cadmium  (TOQO),  soft.  For  the 
very  large  and  physically  important  class  of  iron-carburets,  wrougbt- 
iron,  low-carbureted  steel,  and  steel,  these  details,  fortunately,  do  not 
produce  any  serious  distortions ;  the  thermo-electric  hardness  and  the 
specific  resistance  of  steel,  no  matter  what  the  process  may  have  been 
by  which  a  given  rod  was  softened,  remain  very  nearly  constant  in 
value — at  least  when  compared  with  the  enormous  range  of  variatiim  <rf 
these  qualities  due  to  tempering.  The  same  is  true  for  the  hard  con- 
dition of  the  carburets  between  iron  and  steel,  where  it  is  only  neces- 
sary to  choose  the  temperature  before  sudden  cooling  sufficiently  high 
to  insure  the  appearance  of  hardness,  and  to  chill  in  water  at  ordinary 


'*«Joulo:  Phil.  Trans.  1859, 1,  p.  96. 
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room-temperatare.  Decarburation  is,  however,  ander  all  circumstances 
to  be  avoided,^^^  and  the  exposures  to  high  temperature  must  not  be 
prolonged.  It  follows  therefore  that  it  will  be  expedient  to  commence 
the  present  investigation  by  a  consideration  of  the  electrical  properties 
of  the  carburets  in  question,  that  is  such  in  which  the  total  carbon  is 
less  than  about  2  per  cent.  To  this  may  be  aided  that  within  the  in- 
terval (0 — 2  per  cent.)  those  modifications  in  the  mode  of  occurrence  of 
the  carbon  in  iron,  which  are  the  cause  of  such  great  diversity  in  the  char- 
•acter  of  the  different  species  of  cast  iron,  are  as  yet  comparatively  without 
marked  influence.  Thus  it  appears  that  our  results  for  this  set  of  pro- 
<lucts  may  be  considered  as  satisfactory'  and  definite.  In  order  to  com- 
plete the  discussion  conveniently,  however,  it  is  desirable  to  include 
certain  essential  properties  of  the  cast'irons,  or  in  other  words  to  pro- 
long the  loci  of  our  diagrams  into  the  region  of  cast-iron,  without  going 
into  any  details.    That  this  is  readily  possible  will  appear  in  the  sequel. 

A  further  introductory  remark  may  be  added  here.  Commercial  iron- 
carburets  are  never  pure,  but  contain  in  greater  or  smaller  amounts 
vitiating  impurities  like  phosphorus,  sulphur,  silicon,  and  the  like. 
Each  of  these  produces  its  own  electrical  effect,  as  has  been  seen  in  the 
earlier  chapter  (III)  on  alloys.  The  discrepancy  thus  introduced  need 
not  by  any  means  be  negligible,  and  full  consideration  is  given  to  it  in 
a  later  paragraph.  For  the  present  it  will  be  expedient  to  suppose 
this  secondary  electrical  effect  to  be  absent,  or  that  the  material  in 
hand  is  a  pure  iron-carbon  product. 

Nomenclature. — As  a  convenient  nomenclature  to  be  used  throughout, 
'we  will  designate  the  process  of  softening  steel,  that  is  cooling  irom 
red  heat  as  slowly  as  necessary  by  the  Roman  numeral  <<  J";  the  pro- 
cess of  sudden  cooling  from  the  same  temperature  {kardening^  tempering, 
^lass-hard)  by  the  Boman  numeral  ^^IL^  In  like  manner  all  constants 
which  refer  to  J  or  JJ,  are  to  be  marked  with  the  subscript  1  or  2,  re- 
spectively. For  instance,  Ai, «]  . . .  A29  «2*  •  •  In  like  manner  we  may, 
without  confusion,  consider  '*  soft  state"  and  ^'glass-hard  state,"  ''state 
J"  and  "state  11,^  respectively  identical,  etc. 

>4»  In  this  place  it  is  well  to  call  to  mind  an  important  result  of  Forqnif;non's  (Ann.  de 
Obim  et  de  Pbys.  (5)  XXIII,  p.  5:)8,  1881).  Ho  found  that  steel  kept  at  red  heat  for 
«eventy-two  hours,  in  an  envelope  of  hematite,  lost  nearly  one-half  of  its  total  carbon. 
This  corre8|K)nds  to  the  loss  of  nearly  four-fifths  of  total  carbon,  due  to  continued  ex- 
posureof  cast  iron  to  red  heat  in  the  preparation  of  malleable  cast  iron  (Percy  op.  cit«, 
p.  143.)  In  many  physical  experiments  with  steel,  particularly  in  magnetic  work,  it  is 
•often  necessary  to  soften  steel  by  heating  it  to  redness  for  some  time.  It  is  therefore 
obvious  that  the  product  thus  obtained  cannot  be  considered  identical,  as  regards  total 
<arburation,  with  the  original  carburet.  Possibly  this  method  of  eliminating  carbon 
may  be  available  for  obtaining  points  in  an  electric  diagram  corresponding  to  iron- 
carburets  lying  between  iron  and  steel. 
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J^Ieo^rtca^  data. — ^Pnre  iroa  subjected  to  the  process  JJis  mechaDicailj 
indifltiDguishable  from  the  same  inetal  when  subjected  to  J.  So  also 
the  electrical  difference  between  these  two  states  is  practically  insig- 
nificant. This  is  true  approximately  for  commercial  iron  with  less  thao 
0.2  per  cent,  of  carbon,  and  the  more  nearly  true,  moreover,  the  smaller 
the  amount  of  this  element. 

For  the  electrical  conductivity  of  iron  Ghwolson^  gives  the  following 
results :  If  a  hard-drawn  wire  is  ignited  at  low  redness  its  electrical  r& 
sistance  is  found  to  vary  about  —0.4  per  cent.  If  the  ignition  be  intense 
about  +5.3  per  cent.  Tbe  process  JJ  produces  a  variation  of  only  0.7  per 
cent,  in  comparison  with  the  harc^-drawn  state.  If,  therefore,  we  com- 
pare the  rod  in  the  state  II  with  the  same  rod  in  the  state  J,  we  find  a 
total  electrical  change  about  +1.1  per  cent!  or  —4.6  per  cent.,  respect- 
ively, according  as  /  was  produced  by  gentle  or  by  intense  ignition. 

For  results  of  this  kind,  with  reference  to  the  thermo-electric  beha- 
vior of  iron,  we  searched  in  vain.  But  the  relation  between  the  variations 
of  thermo-electric  and  galvanic  constants  is  initially  (t.  e,  for  very  small 
amounts  of  a  foreign  element  alloyed  to  any  given  metal)  linear,  as  we 
proved  both  in  the  case  of  steel  and  of  alloys  of  silver.  Hence  results 
of  the  same  order  as  Ghwolson's  may  be  at  once  predicted  for  the  thermo- 
.  electric  behavior  of  commercial  iron.  Sir  William  Thomson^^^  found  that 
the  thermo-electric  hardness^  of  iron,  like  that  of  steel,  is  increased  by 
the  process  JJ.  Joule^^  finally  remarks,  ^'I  find  that  in  steel  the  (ther- 
mo-electric) change  is  in  the  same  direction  as  in  iron,  but  of  enormooslj 
greater  magnitude." 

These  small  variations  amounting  to  less  than  2  per  cent,  of  the  total 
resistance  or  thermo-electric  hardness,  are  for  the  present  purposes  at 
least,  quite  negligible;  particularly  so  when  contrasted  with  the  corre- 
sponding change  of  the  electrical  constants  of  steel  (200-300  per  cent). 
Where  great  accuracy  is  sought  for,  special  measurements  may  be 
made.  For  this  reason  we  accept  for  wrought  iron  the  values  for  the 
electrical  constants  given  in  the  following  table  (76).  fiere  thermo- 
electric hardness  is  represented  by  h,  specific  resistance  by  « ;  At  refers 
to  iron  subjected  to  process  J;  ^  to  the  same  wire  subjected  to  process 
IIj  etc.,  as  has  been  stated.    Furthermore  JA=:^— *i;  J«=«,— ^j-  Jlog 

»«>Chwol8on:  Bnlet.deSt.  Petcrsb.,  X,p.379,1877;  also CarFs Rep.,  XIV, p. 26, 1878. 
iw Thomson:  Phil.  Trans.,  1856,  III,  p.  722. 

*»0n  the  definition  of  thermo-electric  hardness,  see  our  paper  in  Wied.  Ann.,  XI,  p. 
970,1880,  or  this  memoir,  Chapter  II,  p.  65. 
»M Joule:  Phil. Trans.,  1859,  I,  p.  95-97. 
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h=log  hi~^log  Ai;  J  J4>g  ssslog  ft-^log  «i.  The  object  of  these  differences 
will  appear  below.  For  h  and  8  the  values  obtained  elsewhere'^  are 
given.  Microvolts,  microhms,  and  square  centimeters  are  the  funda- 
mental units :  log  refers  to  Brigg's  logarithms. 

Table  76,^Electrical  constants  of  wrought-iron. 


Theima«leotrlo  hardiiMi. 

Speoiflo  resistance. 

^h 

At 

AlogA 

ICateriaL 

hi 

At 

cm 

Alogt 

Wrought  iron 

MiemoU. 

4.7 

MiorovolL 

4.7 

Mimvkm, 
12.2 

12.2 

Zera 

Zero. 

Zero. 

Zerob 

STEEL. 


Electrical  data. — If  we  suppose  the  degree  of  carburation  of  iron  to 
increase  continuously  from  zero  to  about  1.5  per  cent.,  the  difference 
in  mechanical  hardness  between  states  I  and  II  will  likewise  increase 
continuously  until  steel  is  reached.  For  the  purxK>se  of  defining  the 
relatively  enormous  interval  peculiar  to  the  latter  substance  techni- 
cally, metallurgists  are  in  the  habit  of  using  some  empirical  criterion — for 
instance,  the  x>ower  to  give  sparks  with  flint.^  It  is,  moreover,  of  the 
greatest  practical  importance  that  this  phenomenal  change  of  mechan- 
ical condition  is  confined  to  state  JJ,  and  that  state  J,  as  regards  hard- 
ness at  least,  is  not  readily  distinguishable  from  wrought  iron. 

A  large  number  of  results  on  the  electrical  behavior  of  steel  were 
discussed  above.  It  will  therefore  only  be  necessary,  in  this  place,  to 
recall  to  mind  the  electrical  interval  H-I  for  this  substance  in  a  table 
constructed  on  the  plan  of  the  preceding,  and  therefore  needing  little 
further  elucidation.  For  state  H  the  largest  values^  occur  in  case  of 
rod  No.  28. 

Ar=17.7  and  «=41.5 

But  later  experiments'^^  furnished  considerably  harder  wires,  the  results 

iM  Chapter  II,  p.  61.  The  mean  valnes  for  the  three  iron  wires  there  examined  are 
here  given. 

">»Cf.  Karsten:  Karsten's  nnd  v.  Deohen's  Archiv,  XXV,  p.  223  et  aeq.,  1953;  also 
Jeans,  ''Steel,  its  history/'  etc.,  London,  Spon,  1880,  pp.  533-642. 

»»Cf.  Chapter  II. 

^See  oar  paper,  Wied.  Ann.,  XX,  p.  640, 1883. 
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for  which  are  not  given  in  the  digest  in  question.  The  hardest  of  these 
showed  «=47.5.    If  we  pat  hssnsj  there  follows, . 

A=19.6  and  «sr47.5 
The  minimal  values  for  state  II  are  those  of  rod  No.  3& : 

&=15.1  and  «=34.9 
The  largest  values  for  state  I  are  given  by  So.  46: 

A=6.9  and  «=16.0 
and  the  smallest  by  No.  47 : 

As=5.0  and  «=  14.0  * 

The  following  table  (77)  contains  both  extreme  and  mean  valaes  for  the 
different  constants,  the  largest  being  put  on  the  horizontal  row  2,  the 
smallest  on  the  row  «,  the  mean  on  the  row  m.  All  of  these  are  obtaioed 
from  a  combination  of  the  data  just  cited. 

Tablb  77. — EUotrioal  anuianta  of  BieeU 


ThMTiiio^leotrio  hardneaa. 

Speolilo  reaiatMCfl)^ 

AJk 

A« 

10»x 
AlogJk 

IC^K 

Alogt 

A, 

At 

cm 

I 

a 
m 

UienwAL 
&.0 
&9 
6.0 

XierowAL 
19.6 
1S.1 
17.8 

MioniKm. 
14.0 
l&O 
lfi.0 

Miorohm. 
47.fi 
84.9 
4L2 

14.6 

&2 

1L8 

33.6 

ia9 

26.2 

460 

440 

From  the  remarks  made  in  the  above  it  follows  obvionsly  that  the 
magnitude  of  the  interval  JJ-J  will  depend  very  essentially  on  the  de- 
gree of  carburation  of  the  steel  tested.  We  experimented  with  silver 
steeP^  of  excellent  quality.  But  commercial  varieties  of  steel  may  be 
readily  found  in  which  the  said  interval  JJ-J  is  even  less  than  one-half 
that  given  in  the  table. 


r   • 


CA8T-IB0N. 

Thermo-eleotrio  data. — In  his  experiments  on  cast-iron  Joale'^  found 
that  the  difference  of  thermo-electric  position  between  state  I  and  state 
JJ  is  about  T^  of  the  thermo-electric  interval  bismuth-antimony.  In 
case  of  steel  he  found  the  change  of  thermo-electric  position  IT-J  to  be 
in  the  same  sense  as  in  cast-iron  and  as  large  as  -^  of  the  said  interval 
Furthermore,  ^^  that  the  metal  (cast-iron)  is  brought  nearer  bismuth  (i 
0.,  thermo-electric  hardness  is  increased)  as  the  quantity  of  carbon  in 
combination  is  increased/'  and  in  much  larger  ratio  than  would  be  com- 
mensurate with  the  additional  amounts  of  carbon. 

iMFor  ailyer  steel  see  Percy,  op.  cit,  pp.  237-240;  alBO  Faraday  and  Stoddard,  Qntf. 
Jour.  Science,  1820,  p.  325. 
iwjonle:  L  o.,  p.96. 
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As  accurate  a  knowledge  as  possible  of  the  electrical  qaalities  of  cast- 
iron  is  a  matter  of  such  importance  as  to  call  for  a  special  examination 
of  a  variety  of  products.  These  were  made  with  as  much  material  as 
we  found  available.  The  results  for  thermo-electric  power  are  given  in 
the  following^tables  (78-79),  where  e  denotes  the  electromotive  force  re- 
ferred to  silver  in  microvolts,  observed  or  calculated  as  specified,  corre- 
si>onding  to  the  temperature  T  and  t  of  the  junctions.  On  the  basis  of 
the  formula  of  Avenarius,  e=a  {T^t)+b  (T'^f ),  the  constants  a  and  b 
were  calculated,  usually  from  five  sets  of  observations,  by  an  applica- 
tion of  the  method  of  least  squaces.  In  how  Car  the  measurements  are 
satisfactory  may  be  seen  by  consulting  the  column  of  diflEerences  (DiSL) 
between  e  observed  and  e  calculated.  Bods  No.  1,  2,  3  were  of  German 
cast  iron ;  No.  1  soft  and  of  excellent  quality ;  Nos.  2  and  3,  though 
also  of  good  iron,  so  hard^^  as  not  to  yield  readily  to  a  file.  White  cast- 
iron  cannot  be  put  in  the  form  necessary  for  measurements  like  the 
present  without  encountering  very  great  mechanical  difficulties.  But 
its  properties  are  well  represented  by  rods  Nos.  2, 3,  which  were  specially 
east  thin.  Bods  No.  4  ...  12  are  of  good  American  cast-iron,  so  soft 
as  to  be  easily  touched  with  a  file.  They  were  planed  down  to  approx- 
imately square  and  uniform  sections  for  us  by  Mr.  William  Grunow,  of 
New  York.  All  the  rods  were  examined  in  three  states :  the  original 
or  commercial  condition  in  which  they  reached  our  hands;  after  sudden 
cooling  from  red  heat  {11) ;  after  annealing  soft  at  red  heat  {1).^ 
We  considered  chemical  analyses  superfluous  for  the  reasons  given  near 
the  beginning  of  this  paper.  A  few  isolated  results  of  this  kind  are 
valueless. 


Tablb  78. — Th&muheleotrio  power  of  eaairiron,    German  material. 


Bod. 

t 

T 

obMnred. 

oalcoUied. 

Dlit 

a 

h 

oO. 

OC. 

mierovott. 

miCTMOft. 

f 

10l2 

83.4 

-38&6 

-88&4 

0.9 

) 

19.8 

70.1 

—290.9 

-290LO 

-4>.9 

1 

Oilffiiial  oondltUMi,  loft < 

1 

1019 

59.9 

—280.8 

—231.1 

0.3 

^-i94 

-0.0100 

ao.1 

60.2 

—171.7 

—171.0 

—0.7 

I 

3IXS 

40.2 

— U0.7 

— IILO 

0.3 

J 

M 

15.7 

59.9 

-343.2 

-M2.8 

-0.4 

1A.9 

6L8 

—274.1 

—274.1 

0.0 

Suddenly  oooled  (II),  htfd ..  < 

18.0 

44.4 

->215.8 

—210.1 

0.3 

—7.04 

-OL0006 

18.1 

87.9 

—104.3 

—104.7 

0.4 

\ 

18.2 

32.2 

—120.3 

—120.0 

—0.3 

Be 

M  broken.    ' 

roo  abort  tm 

rmeMorement. 

^ 

18.7 

78.9 

—612.0 

—612.8 

-0.3 

18.7 

09.6 

—440.2 

-44&0 

0.4 

3 

Otigiiiftl  oondidoD,  bud < 

18.8 

69.7 

->30a2 

—300.1 

— ai 

—7.89 

-a  0007 

18.8 

49.9 

—275.6 

—275.7 

a2 

I 

1&8 

39.1 

—184.2 

—184.1 

-0.1 

^"^Bodo  Noo.  2  and  3  beiog  only  0.3  .  .  0.3  om.  in  diameter,  it  wm  fonnd  impooslble  to 
oaat  them  without  the  appearance  of  a  steel-like  and  brittle  hardneoo. 
»«  Cf.  Chapter  n,  p.  60. 
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Tablets. — Thtrmo-eleeiirio  pincer  of  eoiUirw^,    German  wuUerial — Coniinned. 


r 

I 


Bod. 


♦• 


rl: 


III 


Snddenly  cooled  (II),  hard. 


t  i 


^^      ' 


Annealed  atredheftt  (I),hard 


Original  condition,  hard 


Suddenly  cooled  (II),  hard 


Annealed  at  red  heat  (I)  .hard  • 


t 

0  0. 

T 
OC. 

oheerred. 

oakolated. 

jnn. 

• 

mierovoU. 

• 

lai 

66.2 

—339.7 

-841.0 

1.3 

1 

lai 

49l6 

-289  2 

—287.6 

-L7 

lao 

44.7 

— 23&4 

—287.1 

a7 

S-&ao 

l&O 

89.8 

-192.4 

—191  7 

— a7 

1 

l&O 

84.8 

—149. 8 

—15a  8 

0.5 

J 

17.6 

84.6 

—661.9 

— 66L7 

-«.s 

> 

17.6 

74.6 

—461.6 

-46L6 

0.0 

17.6 

63.9 

— 36&1 

— 36&8 

0.8 

•— &84 

17.6 

64.8 

.-^1.4 

— 29L8 

-«.l 

1 

17.7 

42.9 

— 19&3 

— 19&2 

-0.1 

J 

17.8 

79.8 

—626.0 

-627.2 

L2 

1 

17.9 

70.8 

-446.4 

-44&2 

L8 

l&O 

69.7 

—364.6 

-360.9 

—8.6 

I— &08 

lai 

49.8 

—361.1 

—261.8 

0.2 

1&2 

89l6 

—187.6 

— 17&8 

0.7 

i 

17.9 

6&8 

-877.2 

— 8T7.8 

0.6 

> 

17.9 

62.6 

— 31&4 

-817.4 

— LO 

17.8 

46.1 

—265.7 

— 26&1 

0.4 

I— ail 

17.8 

3&9 

—189.0 

-18&8 

-0.8 

1 

17.8 

38.0 

—140.1 

— 140l2 

9,1 

J 

l&O 

8&2 

—668.2 

— 66&4 

-a8 

1 

l&O 

7&6 

—481.6 

-482.6 

1.0 

l&l 

6&4 

—376.7 

—377.1 

a4 

^-6.61 

l&l 

62.2  1 

—269.6 

—259.1 

— a6 

1 

l&l 

44.9 

—200.6 

— 20a8 

a8 

J 

Table  79. — Themuhelectrio  power  of  cast-iron.    A  merioan  materiah 


Bod. 

Bemarka. 

1 
t 

1 

T 

OC. 

e 
observed. 

e 
oalcalated. 

Diff. 

• 

h 

OC. 

1 
mierovclL 

mierovoU. 

' 

24. 0     80. 0 

—600 

—499 

_l 

24.4 

74.7 

-374 

—376 

4 

Original  condition,  soft < 

25.0 

4a  9 

—175 

—176 

—a  88 

^aous 

26.1 

39.9 

—103 

—102 

.—l 

. 

28.3 

8L6 

—  56 

—  66 

/■ 

20.6 

55.6 

— 24ao 

—244.7 

— a3 

20  4 

4a  5 

—201.6 

—201.6 

ai 

Suddenly  cooled  (II),  hard . .  < 

20.2 

4a  6 

-150.0 

-160.4 

L4 

— a42   -aoQTi 

20.2 

3&9 

—129.0 

—128.1 

— a9 

. 

20.1 

3a  4 

—  8a5 

—  83.6 

ai  J 

f 

19.1 

K&7 

— 42&7 

—429.7 

1.0 

1 

19. 1     77. 6 

—351.2 

-34a  5 

—1.7 

Annealed  at  red  heat  (I),  aoft  < 

19.1 

eai 

— 24ao 

—24a  6 

a  6    J.— 4.42 

-aoit! 

19.2 

53.8 

— loao 

—19a  8 

as 

• 

19. 3     42. 1 

-12a  8 

—12a  4 

-0.4  J 

» 

12.8     80.8 

—486 

-484 

-2      I 

i  13. 1     68. 0 

—380 

—382 

2 

6 

Original  condition,  soft < 

13.4     5&0 

—290 

—290 

0 

-«.96 

-a  out 

13.7  1  47.0 

—224 

-223 

—1    ' 

1 

13.9     35.2 

■ 

-140. 

—140 

0 

1 

rl  13.5  ,  55.8 

—315.6 

—317.1 

1.6  i 

• 

14.0  1  4a  8 

•       —268.2 

— 2ea4 

—1.8 

1 

Snddenly  cooled  (11),  hard..  < 

14. 3     3a  6 

—184.6 

—185.6 

1.0 

^_«,78  1  -aoiM 

14. 6     33. 4 

—137.5 

—13a  8 

—0.7 

16. 0     27. 6 

—  90.7 

1        —  9L0 

as 

lao  t  7a  0 

— 36a5 

— 36L3 

0.8 

■ 

ia4  1  65.7 

—274.6 

•     —272. 4 

— ai 

Annealed  at  red  heat  (I),  soft  < 

16. 7     56. 6 

— 2iai 

—214.8 

.  L7 

— 4.n  i-aoiii 

17.0     4a  9 

—14a  1 

—139.4 

—0.7 

1 

17. 4  1  86. 8 

—  90.3 

—  90.6 

a2 

4 

14. 9  !  83. 2 

—462 

—462 

0 

■ 

15.3     76.4 

—399 

—400 

1 

6 

Original  condition,  soft < 

15. 5     6a  2 

—310 

—309 

—1 

>^— 6k88 

-AOltf 

15. 6     50. 0 

—216 

—216 

1 

16.7 

1  89.6 

-147 

—147 

0 

4 

f 
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Tabu  79,—Tkerwiitheleetric  p^wer  of  ctuUirtm,    AmeHotm  maIaM— ConttuDad. 


Sodtaily  ooolttd  (ID,  bvd. 


(I),toft^ 


(MgliMl  oonditton,  Mfk 


8add«alj  cooled  (II),  bard. 


addcaly 
wuped. 


AuMdod  «l  red  heat  (I),  aoft  < 


Origliiel  eonditloa,  eoft 


Boddenly  oooled  (XD,  not  very 
herd. 


Aaneeled  et  red  heet  a),  eoft  < 


Orlginel  conditioo,  eoft 


Boddenly  cooled  (11),  herd,  ^ 
fleeored,  werped.  ^ 


Anneeled  et  red  beet  (I),  soft 


U 


Orlginel  condition,  eoft 


floddenly  cooled  (II),  herd. 


lao 
las 

10.8 

11.1 

11.2 
1L5 

12.7 
12.8 
12.8 
12.9 
12.0 


ie.2 

18.4 
1&6 
18.8 
18.0 

10.4 
10.3 
lOLl 

las 
la? 

23.4 
23.4 
23.5 
23.7 
28.8 


t 

T 

«c. 

oC. 

14.4 

57.7 

16^0 

4&0 

16^8 

40.7 

1ft.  0 

84.8 

18.8 

20.4 

22.8 

88L8 

28.0 

75.2 

23.0 

83.2 

23.0 

68.8 

28.0 

iL5 

18L2 

71.0 

1&8 

87.3 

1&4 

5&8 

l&O 

51.8 

l&O 

44.5 

14.7 

57.0 

18.2 

60.8 

1ft.  8 

48.0 

18^0 

87.1 

18b4 

8L7 

2L4 

83.8 

21.4 

80.4 

21.0 

68.5 

21.8 

47.0 

21.8 

80.5 

17.4 

88L0 

17.4 

oas 

17.4 

72.3 

17.0 

58.0 

17.0 

38.0 

17.5 

57.1 

17.0 

sas 

1&2 

45.3 

1&7 

40.1 

18L0 

56.3 

— soa4 

ia2 

52.8 

—251.1 

10.5 

44.0 

—187.2 

10.0 

37.1 

—128.8 

20.2 

33.8 

-07.5 

3&4 

87.7 
75.8 
82.0 
52.0 
42.7 

72.8 
84.0 
52.2 
43.0 
87.0 


obewred. 


80.8 
81.8 
72.5 
80.7 
5L8 

86.4 
73.8 
56.1 
43.8 
85.0 

57.8 

sao 

47.1 
42.8 
37.4 


0 

278.3 

180.0 

13&8 

04.0 


-^5 


—105 
—164 


celcnleted* 


mienncU, 
—270.8 
— 908L8 

—151.4 
—111.7 
—  77.4 

-38L8 
0 
0 
— 188L7 
'OaO 


—278 
—217 
—170 

-^2L2 
—200.0 
—106.2 
—14015 
—108.8 


—130 

—281.8 
—212.0 
-172.1 
—137.2 
—108.4 

-437.8 
—850.7 
—274.8 
-205.7 
—154.1 

—411 
—347 


—457.8 
-88ai 
—327.7 
—245.2 
—187.3 

—473 
—872 
—243 
—180 
—103 

-235l3 
— 18&0 
—157. 8 
-];il5 
—  80.8 


«i<0rovoft. 
7 
.1 
—163.2 
— 11L8 
—  77.1 


8 
4 

-827.4 
— 18BL6 

—  oai 

-371 


•817 
-170 


).4 
0 
-107.8 

— i5ai 

—107.7 

— 85ao 

—272.1 
— 10L2 
—136.0 
—  08L8 

-600 


—288 
—180 

-250.8 
—218.3 
-178.0 
—138.0 
—103.3 

— 43&0 
—352.0 
—872.8 
—207.2 
—168.7 

-411 
—347 
—381 
—108 
—154 

—200.5 
—251. 4 
— 18a7 
—128.0 
-07.0 

—454.5 
— 39ai 
—325.8 
— 245l1 
—187.8 

-472 
-372 
—244 
-180 
—102 

—234.8 
—186.8 
— 158L3 
—128.0 
—  80.0 


DUL 


-0.0 

aft 

OlO 

0.1 

-0l8 

0.4 

— a.8 

1.0 
0.8 

— a7 

— 1 

1 

—I 

0 
0 

—as 

— L2 

a.1 

ao 
— ao 

-ai 

— L2 
L7 

ao 
-a4 

—2 

2 
— 1 

0 

0 

— L8 

L8 

1.8 

—1.2 

—0.1 

-a4 

1.3 

—2.5 

1.5 

— a4 

0 
0 

— 1 

1 

0 
—0.0 

ao 

1.5 
-4>.0 
—0.5 

-8.8 

ao 

—2.1 

-ai 
ao 

— 1 

0 

1 

0 

— 1 

•ao 
ao 
a& 

— a5 
ai 


17 


.27 


,84 


,00 


-a  54 


,9lllf 


mm 


-a  0148 


0178 


0120 


0100 


oir 


61 


06 


0146 


-a  0108 
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Tablx  79. — Tk0rmO'€lecirio  pow0r  of  ea$t  iron .     Amerioam  material — Continned. 


Bod. 

Bamarks. 

t 

T 

obeerved. 

ealcnlated. 

VUL 

• 

6 

OC. 

OC. 

Mioroeott. 

MMfWOtt. 

' 

2ai 

8a2 

-888.8 

-38a2 

2.4 

I 

2ao 

78.8 

-4»ai 

-383.0 

—2.1 

10 

▲miMlad  at  red  beat  (I),  toft  • 

lai 

6a2 

-275.7 

-2742 

—1.6 

I-*-" 

-a  0MB 

10.7 

60.6 

—814.5 

— 2ia6 

LI 

1 

I 

lao 

6ai 

— loao 

— i6ao 

ao 

« 

210 

74.0 

—864 

—864 

0 

% 

81.6 

67.4 

-800 

-808 

—1 

U 

Origliial  eondlilon,  aofi 

21.6 

60.8 

-^258 

-258 

0 

'—6k  60 

-4lOI» 

21.4 

61.4 

—106 

—106 

1 

, 

2L4 

43.8 

—141 

—141 

0 

1 

f 

2&.8 

67.6 

—234.8 

—2846 

—6.2 

2&7 

50. 6 

— 18L1 

—182.0 

0.0 

8iidd«iily  oooM  (II),  htfd. .  ^ 

2&.0 

4a8 

—151.7 

—161.4 

-0.8 

-a  00 

-a08M 

1 

2a6 

42.6 

—1247 

—1241 

-ao 

I 

2S.5   oas 

1 

—  81.8 

—  82.1 

as 

4 

I 

lao   fiae 

-888.1 

-880.0 

1.8 

1 

1 

lao 

8a8 

—881.1 

-888.6 

—1.6 

A»— »«k«»a,.«*.| 

1&8 

67.8 

-2648 

-268.8 

-0.6 

^-81 88 

-a  0188 

1&7 

6a6 

-21L8 

—212.2 

0.4 

I 

1&5  <  61.6 

-162.6 

-162.8 

as 

i 

' 

22.61  8a2 

-448 

-440 

0 

22.6     78.0 

-860 

-868 

-1 

IS 

OrigiiuJ  condition,  toft 

22.6  i  63.0 

—270 

-270 

0 

—6.68 

-aono 

22. 4     61. 6 

-100 

-102 

2 

i 

22.4 

4a7 

—118 

—117 

—1 

. 

Suddenly  oooled  (II),  haad. .  ^' 

12.1 

67.0 

-812.7 

— 31L0 

—1.7 

1 

12.6 

60.0 

—240.5 

-23a  8 

LS 

12.7 

44.5 

— 20&0 

— 2ia8 

+1.4 

1-6.88 

-a  our 

1 

18.1 

88.2 

—164.3 

-164.0 

— 0.S 

f 

I 

13.2 

84.8 

—137.8 

— 18a7 

—0.6 

J 

19.b 

87.0 

—300.4  1 

—800.0 

0.6 

10. 5  1  80. 2 

—34a  3 

—848.3 

ao 

Annealed  •!  red  heat  (1),  soft.  ^ 

10.4 

67.8 

—267.8 

-4641 

—1.7 

-484 

-^0141 

10.4 

54.1 

—184. 5  1 

—186  8 

1.8 

1 

• 

10.3 

46l0 

—140.4  1 

—18a  8 

— ao 

Beiistaoice. — We  give  in  the  following  table  (80)  the  results  for  the 
electrical  resistance  of  cast-iron.  The  rods  are  respectively  identical  to 
those  for  which  the  Tables  78  and  79  apply.  Under  TFare  contained 
the  resistances  per  meter  of  length  at  the  temperature  t^  in  ohms;  under 
q  the  two  sides  of  the  rectangular  section  of  the  rods,  in  centimeters; 
8,  and  8  are  the  specific  resistances  at  i^  and  0^,  the  reduction  having 
been  effected  by  aid  of  the  constant  ^,  determined  elsewhere.^  The 
rods  are  tested  in  the  three  states :  original  or  commercial ;  after  sad- 
den cooling  from  red  heat  (11) ;  after  annealing  at  red  heat  (Z). 

i«  Cf.  Chapter  I,  p.  22. 
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Bod. 


Gonditkni. 


OriclBAl  state 

Sadd«nly  oooled  (II)  ... . 
Thoroughly  aanealed  (I) 

Orifliiial  state 

Sa^enly  cooled  (EC) 

Thonm^y  auieAled  (I) 

Origliial  state 

Snddenly  eooled  (11)    . 
ThOTDoghly  aimealed  (D 


Wlm 

t 

ohm. 

oC. 

a  01286 

16.0 

1687 

11.8 

1070 

14.6 

0.0729 

16.6 

791 

lao 

674 

14.6 

a  0760 

1&6 

790 

11.4 

688 

14.6 

9 

« 

0m« 
0. 771  •  0. 771 
0.771 -a  771 
a768*0.768 

78.4 
01.4 
61.6 

0.0013 
12 
18 

0.800    0.800 
0.800*0.800 
a297'a297 

69.8 
75.8 
60i6 

a  0018 
13 
18 

0. 807  '  0. 807 
a807'0.807 

aaoB-asoo 

70.6 
74.4 
68.8 

aooi8 

18 
18 

# — lO^ 

on' 


7L9 

oas 

60.4 

6&4 
74.8 
6eL4 

60.8 
78.8 
67.7 


AHBBIGAK  IBOK. 


■■i 


Original  state 

Soddenly  oooled  (II) 

ThoroogUy  aimealed  (I) 

Orisfnal  state 

Saddenly  cooled  (II) 

Thoroughly  annealed  (I) 

Oriffinal  state 

Saddenly  cooled  (II) 

Thoronglify  annealed  (I) 

Oriffinal  state 

Saodenly  cooled  (11) 

Thoroughly  annealed  (I) 

Oriffinalstate 

Saddenly  cooled  (II)  — 
Thorooghly  annealed  (I) 

Oricrinsl  state 

Saddenly  cooled  (II) 

TboToaghly  annealed  (I) 

Original  state 

Suddenly  cooled  (II) 

Thorongbly  annealed  (I) 

Original  state 

Suddenly  oooled  (11) 

Thoroagnly  annealed  (1) 


■  -■I 


aooosi 

1200 
0648 

Ol  00091 
1244 
0872 

0.00981 
1025 
0877 

a  01877 
1720 
1214 

a  01862 
1561 
1267 

0.01408 
1720 
1266 

0.0S072 
2610 
1950 

a  02178 
2662 
2076 


Orleinnlstote 0.02178 


Saddenly  cooled  (II) 
Tboroaghly  annealed  (I) 


2684 
2060 


28 
20 

16 

0.977  • 
0.977  ■ 
a977  • 

26 
86 
16 

0.969- 
0lO6O- 
0.969* 

26 
29 
16 

0.961- 
0.951- 
a051' 

23 
26 
16 

0. 818  * 
0. 813  • 
0. 818  • 

25 
29 
20 

0.807- 
0.807: 
0.807. 

25 
18 
16 

0.790- 
0.790- 
0.790- 

28 
26 
20 

0.656- 
0.656- 
0.656- 

26 
18 
20 

0.643- 
0.643- 
0.643- 

25 
25 
20 

0.647- 
0.647- 
0.647- 

0.086 
a086 
0.986 

89.7 

109.7 

77.6 

0.967 
0.967 
0.067 

91.0 

114.2 

80.0 

aoso 

0.050 
0.050 

84.1 
02.6 
79.8 

0  808 
a803 
0.803 

89.9 

112.3 

79.2 

0.806 
0.806 
0.806 

87.8 

10L4 

82.8 

0.789 
0.780 
a  789 

87.4 

107.2 

78.9 

0.640 
0.640 
0.640 

0.642 
0.642 
0.642 

0.646 
0.646 
0.646 


87.0 

106.4 

81.9 

89.7 

100.9 

85.7 

90.8 

100.7 

86.1 

0.0012 
12 
12 

0.0012 
12 
12 

a  0012 
12 
12 

12 
12 
12 

a  0012 
12 
12 

0.0012 
12 
12 

0.0012 
12 
12 

0.0012 
12 
12 

0.0012 
12 
12 


87.3 

106. 0 

7flil 

8a8 

iiao 

78.6 

8L6 
89.6 
77.8 

87.6 

100.0 

77.7 

86.8 

oao 

80.4 

84.9 

104.9 

77.4 

84.7 

102.8 

80.0 

87.1 

107.6 

83.7 

8a2 

106  6 

84.1 


Digest — In  the  following  table  the  important  results  in  Tables  78,  79 
and  80,  above,  are  systematically  arranged  for  convenience  in  reference. 
It  will  be  at  once  intelligible.  We  need  only  remark  that  in  case  of 
No.  1  the  measurement  of  a  was  no  longer  possible  for  the  soft  annealed 
(1)  condition,  the  rod  having  been  accidentally  broken.  For  this  reason 
the  value  of  a  for  the  original  state  is  taken  for  ai  in  the  formation  of 
Ja,  and  Jh.  This,  however,  is  quite  permissible  since  the  rod  was  origin- 
nally  soft.  It  may  be  added  that  in  the  tables  the  logarithms  are 
primarily  deduced,  the  antilogarithms  from  these.  This  table  furnishes 
us  with  mean  values  fcr  cast-iron.  They  are  given  in  the  final  horizon- 
tal row. 
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Tablb  81.— Eledrioal  eon§UuU$  of  ootMrM. 


[B0LI.1A. 


ThermoeL   oon« 

atant  a,  referred 
tOBoftRilYer,  for 

TheimoeL  hardneae.  deduced  from  a 
•Qd  A=15.18-a,  for  |  (7+l)->0  (in- 

i  (T-4-«)=0    (In 

mloroTolto). 

(In  mJoroluDa). 

Rod. 

mioroYolt). 

• 

ai 

at 

Aa 
2.10 

hi 

At 

22.22 

2.10 

lOfhl 

{oyAt 

Id^Alogh 

«i 

90.2 

29.8 

logn    loq§» 

lO^AIiyf 

Na    1 

(-4.M) 

-7.04 

(20.12) 

L3036 

L3467 

43.1 

60.4 

L7809 

L9551 

174 

Na    2 

-^84 

-8.30 

1.46 

22.02 

23.48 

1.46 

.3468 

.3707 

27.958.4 

74.8 

1&4 

.7863 

.8786 

107 

Ka    8 

-^81 

-«.12 

L51 

2L79 

23.80 

1.51 

.8383 

.3074 

29.157.7 

73.3 

15.6 

.7610 

.8651 

IM 

Ko.    4 

-4.42 

—6.42 

2.00 

19.60 

2L60 

2.00 

.2923 

.3345 

42. 2  7&  1 

lO&O 

29.9 

.8812 

.6255 

144 

Na    5 

—4.21 

-6.78 

2.57 

19l39 

21.96 

2.57 

.2876 

.8416 

54. 0|7a  5 

110.9 

32.4 

.8949 

.0448 

U» 

No.    6 

—4.27 

—6.17 

0.90 

10.45 

20.35 

0.90 

.2889 

.3086 

19. 7  77.  e 

89.5 

11.7 

.8807 

.9517 

il 

Na    7 

—4.82 

—6.20 

L97 

19.50 

21.47 

L97 

.2900 

.3318 

41. 8  77. 7 

109.0 

31.3   .8906 

.0875 

147 

Na    8 

—4.08 

-5.60 

L67 

19.21 

20.78 

1.57 

.2835 

.3176 

34.18a  4 

9ao 

17. 6|  .9053 
27.5  .8885 

.9011, 

81 

Na    9  -3.96 

-6.64 

2.56 

19.16 

21.72 

2.56 

.2824 

.8369 

54577.4 

104.9 

.0209' 

1» 

Na  10  --4. 12 

—5.05 

1.83 

19.30 

21. 13 1. 83 

.28R6 

.3249 

39.3  80.0102.3 

22.3   .90-J9 

.0100 

M7 

Na  11  -8.83 

— &83 

3.10 

19.01 

22. 11  8. 10 

.2790 

.8446 

65.683.7107.583.8  .9225 

.03161 

109 

Na  12  --134 

— 5l63 

1.49 
L92 

19.52 

21.01 
2L76 

L49 
L92 

.2905 

.8234 

8L  9:84. 1106. 5122. 4 

1                  ■ 

.9246 

.0273 

l«l 

Meuw 

—4.06 

-6.58 

19.84 

40.8.74.4 

97.828.4 

119 

DISCUSSION. 


PUme  diagram. — The  experimental  material  in  hand  is  sufficient  for 
the  discernment  of  the  main  and  characteristic  featares  of  the  relation 
which  exists  between  the.  mechanical  and  chemical  properties  of  iron- 
carborets,  and  their  electrical  behavior.  We  will  arrive  at  our  ead 
soonest  by  proceeding  graphically,  using  as  the  basis  for  our  constrnc- 
tion  the  general  mean  values  given  in  Tables  76-77  and  at  the  end  of 
Table  81.  As  regards  the  interpretation  of  these  data  we  derive  very 
valuable  clews  from  our  earlier  researches  on  the  electrical  propenies 
of  alloys.  If  to  a  given  metal  small  amounts  of  a  second  metal  be 
alloyed,  the  electrical  constants  are  foand  to  vary  in  a  uniformly  con- 
tinuous way.  Now,  the  total  carbon  in  steel  amounts  to  only  1-2  per 
cent;  in  cast  iron  to  less  than  5  per  cent  We  may  therefore  predict  a 
mode  of  variation  of  specific  resistances  and  thermo-electric  power  which 
shall  be  analogous  to  that  observed  for  alloys.  In  other  words,  a  oni- 
formly  continuous  change  in  the  electrical  qualities  of  iron-carbarets 
with  the  amount  of  carbon  contained  may  justifiably  be  assumed.  With 
the  ultimate  object  in  view  of  developing  our  diagram,  let  the  percen^ 
age  of  total  carbon,  therefore,  be  represented  as  abscissa,  the  electrical 
constants  h  and  8  as  ordinate.  Carbon,  however,  occurs  differently  in 
iron-carburets  when  in  the  condition  I  than  when  in  the  other  extreme 
condition,  IL  It  is  therefore  necessary  sharply  to  distinguish  between 
the  constants  ^i  and  «i  belonging  to -the  first  or  thoroughly  annealed 
state,  and  the  constants  hg  and  «3  for  the  hard  state.  Our  data  therefore 
furnish  points  belonging  to  two  essentially  different  loci.  Unforto- 
nately  for  each  of  these,  only  three  such  points  are  in  hand:  the  first 
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corresponding  to  wrougbt-iron  and  the  abscissai  ^=0;  the  second  to 
steel  where,  approximately,  a;=l^;  the  third  to  cast-iron,  where  we 
may  roughly  put  ar=5.0.  The  mean  values  of  ordinate  belonging  to 
these  absciss®  may  be  taken  from  the  following  little  table : 

Tablb  S2. — Mean  electrical  consianU  of  iron-carhureU, 


MftterUl. 


Wroncht  Iron 

Steel 

Ceatlron 


% 

Ai 

At 

AA 

ia»x 

A  log  A 

«i 

«i 

A« 

0 

4.7 

4.7 

sero 

sero 

12.2 

18.2 

cero 

1.6 

6b0 

17.8 

11.8 

400 

l&O 

41.2 

2&2 

5.0 

10.8 

21.8 

1.0 

40 

74.4 

07.8 

28.4 

10»X 
Alogt 


aero 
440 
120 


With  these  data  and  the  qualitative  results  just  referred  to,  our  at- 
tention will  be  first  directed  to  the  hard  state,  11^  of  iron-carburets. 
Between  :r=0  (iron),  and  ^7=1.5  (steel),  iron-carburets  vary  in  marked 
degree  as  regards  hardness,  a  circumstance  observable  both  in  the  me- 
chanical and  electrical  properties  (A^,  %%)  of  these  products.  Beyond  this, 
approaching  castiron,  the  variations  are  slight  The  curve  rises  rapidly 
at  first,  finally  at  a  gradually  decreasing  rate,  and  is  therefore  as  a  whole 
concave  towards  the  axis  of  abscissae. 


\ 

y 

U 

/ 

r 

y 

< 

/ 

•t 

AA 

/ 

/ 

/ 

\ 

/ 

< 

il 

// 

:> 

^y 

/^ 

A 

f      ^ 

^ 

• 

Y 

( 

►     1 

Varhu 

1 

1            i 

eerUm 

Fio.  24.— Diagram  of  the  meen  TarlaUon  of  the  thermo-electric  liardneM  and  the  specific  electric 
reeistJuice  of  iron-carbureta,  with  their  degrees  of  carbnration ;  1,  thoroQ|;hly  annealed  state;  2,  sud- 
denly cooled  state. 

A  result  almost  the  inverse  of  this  is  encountered  in  the  case  of  the 
<<soft"  state  J.  Here  the  initial  variations  are  insignificant,  soft  iron 
and  soft  steel  differing  slightly,  not  only  in  their  mechanical  states  of 
hardness,  but  also  in  the  electrical  manifestation  (^i,  «i)  of  this  quality. 
It  is  not  until  we  pass  beyond  x=1.5  and  enter  the  region  of  the  cast- 
irons  that  the  present  curve  I  rises  at  a  relatively  rapid  or  accelerated 
rate.  The  curves,  i,  are  therefore  on  the  whole  convex  as  regards  the 
axis  of  abscissae. 

From  these  points  of  view  the  curves  in  the  above  diagram  h%^  8% 
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and  hij  8i  have  been  drawn.  It  may  be  plainly  argaed,  moreover,  that 
their  general  character  does  not  change  during  the  progress  from  xsO 
to  d?=5;  in  other  words,  we  accept  concavity  and  convexity  respect- 
ively throughout  the  given  extent  of  the  curves,  to  the  exclusion  of 
points  of  circumflexion.  With  this  probable  inference  postulated,  we 
observe  that  the  two  sets  of  curves  ks,  s%  and  hiy  «i  most  intersect  in  the 
region  of  cast-iron,  that  is,  near  a?=5. 

Ouriously  enough  we  found  in  certain  data  of  Joule^^  the  evidence  for 
such  intersection.  If  we  reduce  Joule^s  figures  to  our  scale  of  thermo- 
electric hardness,  his  results  for  white  cast-iron  and  gray  cast-iron  are 
approximately  these : 

First  extreme :  cast-iron,  black  fracture  (with  much  graphite),  A=25. 

Second  extreme:  cast-iron,  white  fracture  (very  hard),  A=12.  All 
other  samples  of  cast-iron  which  he  examined  lay  between  these  ]imit& 
The  large  values  for  h  and  s  obtained^^  for  malleable  cast-iron  (known 
to  be  graphitic^®)  are  also  in  accordance  with  Joule's  results.  The  fir^t 
mentioned  of  the  cast- irons  above  (A=25)  is  therefore  to  be  referred  to 
condition  I  (soft,  carbon  uncombined),  the  second  (A=:12,  carbon  com- 
bined, hard)  to  condition  JJ,  which  gives  evidence  in  favor  of  the  inte^ 
section  of  the  respective  curves. 

Superimposed  electrical  effects. — To  this  inversion  of  the  electrical 
properties  of  iron-carburets  as  the  quantity  of  total  carbon  is  increased 
we  have  already  adverted,^"  and  it  is  therefore  essential  to  any  discas- 
sion  of  the  phenomena  before  us  to  take  cognizance  of  the  mechanical 
as  well  as  the  chemical  causes  of  the  same.  These  are  three  in  number: 
(1)  Effect  of  uncombined  carbon;  (2)  effect  of  combined  carbon;  (3) 
effect  of  the  x>eculiar  strain  accompanying  temper. 

In  the  curves  hi  and  Si  the  first  of  these  factors  is  primarily  active, 
the  second  of  small  importance,  the  third  inactive.  The  material  is  ap- 
proximately homogeneous.  In  the  curves  h^  and  «2,  however,  all  factors 
produce  their  own  specific  results,  though  the  influence  of  the  first  is 
relatively  small.  Here,  therefore,  we  are  confronted  by  a  complex 
superposition  of  effects;  such  however,  that  between  wrought-iron  and 
steel  the  mechanical  cause  (3)  is  almost  solely  efficient ;  between  steel 
and  cast-iron  the  chemical  causes  (1,  2)  predominate. 

Character  of  Jh. — As  the  result  of  the  opposed  character  of  the  curva- 
tures of  the  loci  I  (soft  state)  and  II  (hard  state),  the  first  being  con- 
vex, the  second  concave,  as  regards  the  axis  of  abscissas,  we  are  able  to 
draw  an  inference  of  fundamental  importance.  For  if  we  put  Jh=hr^hi 
and  ds=Si^Siy  then  it  follows  obviously  that  the  new  variables  Jh  and 
J«,  regarded  as  functions  of  x,  must  each  pass  through  a  maximum. 
This  remarkable  result  may  be  formulated  thus : 

The  diagram  which  expresses  the  electrical  behavior  of  commercial 


'"'Joule:  1.  c. 

>«  Chapter  III,  p.  102. 
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iroDcarborets  distinctly  indicates  the  existence  of  a  singular  prodact, 
possessing  the  uniqae  capability  of  occarrence  in  the  greatest  number 
I)OSsible  of  mechanical  states — a  member,  in  other  words,  for  which  the 
difference  of  thermo-electric  hardness  between  condition  JJ  and  condi- 
tion J  is  a  maximum.  This  is  a  necessary  bat  not  a  sufficient  condition 
for  the  definitioil  of  that  valuable  product  to  which  the  term  '<  steel"  is 
applicable.  For,  irrespective  of  the  fact  that  JA=max.  and  Jssmax. 
need  not  necessarily  select  the  same  product,  a  definition  based  solely 
on  the  absolute  value  of  the  interval  of  variation  does  not  necessarily 
exclude  the  occurrence  of  any  marked  change  of  hardness  as  regards 
the  soft  state.  Yet  this  is  essential.  The  mere  fact,  in  other  words, 
that  for  the  unique  iron-carburet  in  question  the  state  II  is  ftirthest  re- 
moved with  reference  to  hardness  from  the  state  J,  miccht  even  be  true 
of  a  product  brittle  in  the  latter  (soft)  state. 

Character  of  ^  log  h. — To  meet  this  objectionable  feature  of  the  above 
definition,  therefore,  it  is  expedient  to  give  preference  not  to  the  abso- 
lute variations  of  h  and  «,  but  to  the  relative  variations  ks :  Ai,  «9 :  «i,  of 
pairs  of  values  of  h  and  ».  For  this  reason  the  logarithmic  interval  is 
considered.  If  Jhr=,\ogh^^loghi  and  J«=log«2— log«i,  then  we  have 
for  the  definition  of  steel  JlogAs=max.,  or  J  log  «= max.  Between 
these  we  have  yet  to  decide.  In  the  first  place  it  is  to  be  noted  that 
the  equations  J/ismax.  and  J«=max.,  determine  07=2  and  07^3,  re- 
spectively, and  so  far  as  can  as  yet  be  foreseen ;  whereas  J  log  A=rmax. 
and  Jlog«r=max.,  apply  for  x=1.5  and  J7=2.0,  respectively.  In  the 
latter  case,  therefore,  not  only  are  the  two  carburets  defined  chemically 
much  more  nearly  coincident,  but  their  mean  position  in  the  diagram  is 
such  as  to  select  from  all  the  iron -carburets  the  one  which  may  stand  as  a 
type  for  the  products  commercially  termed  steel.  And  we  may  add  here 
that,  in  so  far  as  the  variation  of  a  function  like  the  one  in  hand  in  the 
neighborhood  of  a  maximum  is  usually  small,  a  group  of  iron  carbu- 
rets disposed  on  either  side  of  the  said  maximum  will  possess  prop- 
erties s\ifficiently  alike  to  enable  us  to  consider  them  as  practically  and 
commercially  identical  with  the  accurately  defined  type.  Now  it  is 
very  probable,  if  material  of  sufficient  purity  could  be  obtained,  that 
both  the  equations  Jlog^=max.  and  Jlog«=:max.  will  be  found  satis- 
fiable  by  the  same  Xj  and  this  from  the  fact  that  as  far  as  steel,  at  least, 
the  relation  between  thermo-electric  hardness  and  specific  resistance  is 
linear.  But  after  subjecting  any  iron-carburet  to  the  process  of  sudden 
cooling,  the  external  layers  will  usually  have  been  transferred  into  the 
state  II  more  thoroughly  than  the  core,  particularly  in  case  of  thick 
rods  and  highly  carburized  iron.  But  it  is  from  the  external  layers  that 
J  log  h  is  practically  determinable,  irrespective  of  the  figure  and  dimen- 
sions of  the  carburet  operated  upon.  J  log  s  is  not  readily  determinable 
except  for  the  mean  condition  of  a  carburet  of  definite  figure. 
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Definition  of  steel. — Preference  is,  therefore,  to  be  given  to  the  former 
of  the  two  critical  equations  and  J  log  h  =  maximiim  to  be  accepted  as 
the  physical  definition  of  steel.    This  equation  is  to  be  interpreted  thoa: 

liQt  each  member  of  the  whole  series  of  non-carborets  be  subjected 
successively  to  the  following  two  operations: 

1.  A  process  of  very  slow  cooling  from  a  given  temperature  in  red 
heat. 

2.  A  process  of  most  rapid  cooling  possible  from  the  same  tempera- 
ture. 

If  now  the  carburets  be  examined  with  reference  to  the  hardness  pro- 
duced in  the  two  instances,  there  will  be  found  among  them  a  certain 
unique  member  whose  properties  are  such  that  while  process  I  has  more 
nearly  identified  it  with  pure  soft  iron;  process  II  will  have  moved  it 
farther  away  from  this  initial  carburet'"  than  is  simultaneously  the  case 
with  any  other  iron-carbon  product;  or  which,  in  other  words,  is  capable 
of  occurring  in  the  greatest  number  of  states  of  hardness  relative  to  the 
soft  state  possible.  To  this  unique  product  the  term  ^^  steel"  is  to  be 
applied. 

In  so  far,  however,  as  the  softest  steel,  for  the  very  reason  of  its  bein^; 
essentially  an  iron-carburet,  can  never  reach  pure  iron,  it  is  obvious 
that  there  must  remain  a  difference  between  the  mechanical  properties 
(Young's  modulus,  simple  rigidity,  tenacity,  etc.)  in  general  of  soft  iroo 
and  soft  steel,  on  account  of  which  preference  will  be  given  to  one  ma- 
terial or  the  other,  as  the  needs  of  the  engineer  suggest.  To  this  car- 
buret {J  log  h  =  max.),  finally,  the  maximum  capacity  for  the  retention 
of  a  strain  of  any  given  kind  which  may  be  imparted  to  it,  seems  also 
to  belong.  The  strain  accompanying  magnetism,  and  the  strain  pecn- 
liar  to  hardness,  of  each  of  which  steel  retains  a  phenomenal  amount, 
may  be  cited  as  examples. 


COMMERCIAL    OR   IMPURE    IRON-CARBURETS. 
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Series  of  iron-carburets. — Thus  far  no  attention  has  been  paid  to  t^e 
unavoidable  impurities  like  sulphur,  silicon,  phosphorus,  manganese, 
etc.,  which  in  addition  to  carbon  are  always  present  in  commercial  iron- 
carbon  products.  But  it  is  easy  co  extend  the  considerations  just  made 
in  such  a  way  as  will  make  them  applicable  to  iron-carburets,  pure  and . 
impure,  generally.  Let  any  iron-carburet  be  given.  To  this  belong  a 
whole  series  of  iron*  carburets  so  constituted  that,  while  in  other  respects 
the  composition  is  identical  throughout,  carbon  alone  passes  through 
the  interval  from  zero  to  about  six  per  cent.*^    To  each  such  series  (see 

^'^That  is,  soft  iron  for  which  x=0. 

^^Of  course,  the  increment  in  C  in  this  case  presupposes  a  decrement  in  total  Fe,  so 
tha*  there  may  be  no  variation  in  the  percentage  presence  of  the  impurities. 
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below,  p.  191)  a  definite  and  characteristic  pair  of  curves,  Ih  and  Ai,  will 

correspond,  and  that  particular  impure  iron-carburet  which  is  selected 

by  the  equation 

J  log  h  =  maximum 

is  the  steel  for  the  given  class  of  impure  iron-carbon  products.  These 
relations  may  be  tersely  exhibited  as  follows.    Let 

where  zi  denotes  the  thermo-electric  hardness  of  a  given  sample  of 
impure  iron-carburet,  a,  ft,  c  ....  ,  are  parameters  expressing  the  re- 
spective amounts  of  the  impurities  present  in  per  cents,  by  weight  of 
the  whole,  x  (independent  variable)  representing  the  total  carbon  pres- 
ent, also  in  per  cents,  of  the  whole. 
Let 

^«— /i  (a>  ft,  c,    .    .    .    «) 

be  interpreted  in  like  manner.  Now  suppose  the  functions  Zi  and  z^  to 
belong  simultaneously  to  the  same  product,  or  in  other  words,  to  apply 
when  the  said  given  product  is  in  the  state  I  and  the  state  JJ,  respect- 
ively.*® Then  will  these  equations,  if  or  be  allowed  to  increase  contin- 
uously from  zero  to  about  six,  express  the  critical  electrical  properties 
of  the  whole  given  series  of  impure  iron-carburets.  Again  by  varying 
any  one  or  all  of  the  parameters,  a^bjO  •  •  .,  we  may  pass  from  a 
given  series  of  this  kind  to  any  other.*^  Finally  the  function,  in  the  case 
of  a  given  series, 

J  log  ZssilOg  2?,— log  ^i 

I)08ses8es  the  important  property  that  for  wrought  iron  its  value  ap- 
proaches zero;  for  cast-iron  it>s  value  is  some  positive  number,  and  for 
steel  we  shall  have  J  log  2r= maximum.  In  order  to  determine  the  po- 
sition of  any  iron-carburet  in  its  own  series  a  knowledge  of  the  func- 
tions Zi  and  z^  is  fully  sufficient. 

Thermo-electric  hardness — general  interpretation. — With  these  new  in- 
ferences we  are  able  to  give  the  results  of  an  earlier  chapter  (II),  a 
much  more  comprehensive  interpretation.  The  extreme  values  of 
thermo-electric  hardness,  z^  and  z^^  corresponding  to  thorough  annealing 
and  sudden  cooling,  respectively,  describe  any  given  member  of  any 
given  series  of  iron -carburets  with  reference  to  its  chemical  properties; 
$.  e,j  z^  and  z^j  together,  determine  its  position  in  a  diagram  of  classifi- 
cation peculiar  to  iron-carburets.  The  intermediate  values  of  z^  in 
fDther  words,  those  lying  between  Zi  and  ^r,,  and  obtainable  by  the  an- 
nealing of  the  previously  chilled  carburet,  describe  the  same  product 
with  reference  to  its  mechanical  properties;  t.  e.,  the  value  of  z  deter- 

109 In  practice /i  and/s  will  be  interpolatory  functions  of  like  character. 
i^It  is  to  be  borne  in  mind  here  that  these  remarks  apply  principally  for  iron-carbu- 
cets,  in  which  x  does  not  exceed  2.    The  final  generalization  is  given  below. 
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mines  its  position  in  a  scale  of  hardness  peculiar  to  the  particnlar  iron- 
carburet  {Zu  z^)  in  hand. 

Herewith  we  have  sacceeded  in  expressing  the  general  conception  of 
a  problem,  of  which  our  research  on  the  hardness  of  steel  (Chapter  11) 
is  to  be  regarded  as  only  a  special  solution.'''^ 


PINAL   GENERALIZATION. 

QuaUtative  cmd  qtumtitative  carburatioiu — In  the  above  discussion  the 
general  features  of  the  electrical  behavior  of  iron  carburets,  whose 
degree  of  carburation  is  above  2  per  jcent.,  has  already  been  given.  Bot 
a  more  detailed  consideration  must  take  cognizance  of  the  ^Eict  that  even 
in  case  of  the  «ame  chemical  composition  we  encounter  iron-carburets 
differing  enormously  in  their  physical  properties,  and  we  are  led  into  a 
host  of  complications  not  readily  to  be  surveyed.  The  mode  of  occur- 
rence of  carbon  in  iron,  or  what  may  be  called  the  quality  of  carbura- 
tion, becomes  more  and  more  dominant  in  effecting  changes  of  physical 
character  of  these  products,  as  the  amount  of  total  carbon  present  is 
increased.  The  temperature  in  red  heat  from  which  the  conditions  I 
(thoroughly  annealed)  and  II  (suddenly  cooled)  are  reached,  as  well  as 
the  time  during  which  exposure  to  the  same  takes  place,  here  possesses 
essential  import af^ce. 

Classifioatian-function. — The  prolongation  of  the  critical  curves  ^  and 
ht  from  steel  into  the  region  of  cast-iron  can  therefore  be  made  in  a 
great  variety  of  ways.  For  each  particular  path  definite  premises  must 
be  laid  down,  viz.,  that  the  increase  of  carbon  shall  take  place,  qualita- 
tively as  well  as  quantitatively,  in  a  way  such  as  is  in  accordance  with 
the  manner  of  carburation  of  the  sample  of  cast-iron,  in  which  the  par- 
ticular path  in  question  is  to  terminate.  Perhaps  these  relations  are 
expressible  with  greater  clearness  in  this  wise :  Suppose  that  with  refer- 
ence to  the  height  and  duration  of  the  temperature  from  which  thoroa^ 
annealing  (J)  and  sudden  cooling  (11)  is  to  be  effected,  etc,  certain  fixed 
assumptions  have  been  made.  But  beyond  this  let  it  be  unrestricted, 
so  that  it  may  even  lie  beyond  the  melting  point  of  the  carburets  oper- 
ated upon.  Furthermore,  suppose  the  percentage  amount  (parameter) 
of  foreign  admixtures  and  impurities  other  than  carbon  present  in  iron 
be  constant  throughout.  Then  let  the  relations  here  involved  be  repr^ 
sented  graphically  in  three  dimensions:  Thermo-electric  hardness,  par- 
allel to  the  axis  Z;  carburation  quantitatively  considered  (percentage 

i^A  Kood  example  of  the  difference  between  mechanical  and  thermo-electric  hard- 
ness is  given  by  malleable  cast-iron,  results  for  which  9re  given  elsewhere  (Chapler 
m,  p.  102). 
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of  total  carbon)  parallel  to  the  axis  X;  finally  qaalitative  carburation/^ 
«.  e,j  a  qaantity  which  expresses  the  mode  of  ocoarrenoe  of  carbon  in 
iron,  parallel  to  the  axis  Y.  With  this  understanding  a  characteristio 
surface  will  correspond  both  to  condition  I  and  condition  II;  and  if 
analogously  to  the  above  (p.  189),  we  deduce  the  difference  JlogZj  its 
form  will  be 

J  \ogz:=F{aj  bjCj VjOP) 

where  the  parameters  a/bjO^  ...  refer  to  the  impurities  present. 

Every  plane  parallel  to  XZ  cuts  this  surface  in  a  curve,  expressing 
the  electrical  behavior  of  a  series  of  iron  carburets  as  above  defined 
(p.  188).  All  such  curves  of  intersection  are  characterized  by  the  pres- 
ence of  a  maximum  deffning  the  steel  corresponding  to  the  impure  iroUi 
F{a,bjO,,.  .y,  0),  the  initial  carburet  of  the  particular  series  under  con- 
sideration. 

Every  plane  parallel  to  ¥Z  cuts  the  surface  J  log  j;  in  a  curve,  ex- 
pressing the  electrical  behavior  of  all  carburets  possible  in  case  of  a 
selected  fixed  amount  of  total  carbon  in  the  iron  carburet  Two  such 
curves  will  differ  more  as  their  distance  apart  as  well  as  from  the  initial 
plane  YZ  is  greater.  It  will  be  seen  that  the  further  step  in  the  pres- 
ent research  must  be  that  of  suitably  varying  the  elements  of  the  oper- 
ations I  and  JJ^^^  in  such  a  way  as  to  throw  additional  light  on  all  these 
complications,  among  which  those  last  mentioned  are  as  yet  the  most 
obscure  and  imperfectly  understood. 

Classification  diagram, — Notwithstanding  the  dangers  encountered  in 
representing  views  in  part  theoretical  with  the  aid  of  a  diagram,  we  are 
able  to  bring  to  the  mind  of  the  reader  all  that  has  been  said  so  per- 
spicuously in  this  way,  as  readily  vindicates  the  venture  of  a  rough  con- 
struction of  the  probable  contour  of  the  surface  J  log  z.  In  the  follow- 
ing figure  (25)  the  XZ  plane  cuts  the  surface  Jlog  z  {rstno)  in  a  line  coin- 
ciding with  the  axis  X.  This  is  supposed  to  be  an  hypothetical  carbu- 
ret, iron-graphite,  which  remains  iron-graphite  both  in  state  J  and  in 
state  IL    The  extreme  plane  parallel  to  XZ  represents  the  series  of 


1"  As  an  example  of  the  natare  of  the  variable  jr,  suppose  it,  for  instanoe,  to  be  the 
mean  ratio  of  combined  to  ancombined  carbon  for  the  two  stateB,  I  and  II,  or, 

sufficient  to  express  the  qnaliiatiye  occurrence  of  carbon,  so  that  a  number  of  such 

Tariables  y,  y',  y", are  necessary,  then  while  any  giyen  one,  jr  for  instance, 

passes  all  yalues,  the  others  are  to  be  regarded  as  parameters — i.  e.,  constants  during 
this  variation.  The  presence  of  £^phite,  amorphous  carbon,  and  combined  carbon 
in  iron  may  suggest  two  Tariables,  y,  y. 

i^Much,  for  instance,  could  be  learned  from  continuous  electrical  ignition  of  iron- 
carbarets,  in  vacuo  and  gases,  respect^ely,  and  examination  of  the  test  sample  from 
time  to  time;  more  from  a  detailed  exploration  of  these  phenomena,  made  conjointly 
by  a  physicist  and  a  chemist.  Carburation  produced  by  ignition  in  gaseous  hydio- 
oarbons,  and  subsequently  in  vacuo,  suggests  itself  aa  a  first  convenient  method  of 
experimental  attack. 
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iron-carbarets  {rst)  in  which  all  carbon  is  combined,  at  least  in  state  II. 
White  cast-iron  may  be  supposed  to  belong  to  this  series.    The  plane 
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Fio.  '25.~CbMalfio«tioii  diagram. 

7Z  intersects  the  surface  J  log  ^r  in  the  iron  line  approximately  coincid- 
ing with  the  axis  T,  The  extreme  plane  (mtn)  parallel  to  YZ  corre- 
sponds to  about  x=6.  The  most  interesting  feature  of  the  diagram  is 
the  totality  of  steel  maxima  {svp).  If  ordinates  be  let  fall  from  each  of 
these,  the  resulting  cylinder  will  intersect  the  plane  XY  in  a  carve 
{peq)j  expressing  both  qualitatively  and  quantitatively  the  carburation 
of  the  infinite  steels  possible  in  case  of  a  given  impure  iron-carburet 
F  (a,  6,  c,. .  .y,  x).  It  is  hardly  necessary  to  add  that  tlie  number  of 
such  possible  surfaces  (rstno)  is  again  infinite;. since  any  variation  of 
the  parameters  a,  6,  c, . . .  or  the  accessary  variables  y/  y/' . .  involves 
the  construction  of  a  new  one.  Practically,  however,  a  finite  number 
of  typical  surfaces  sufBce. 

The  figure  finally  contains  an  illustrative  intermediate  section,  in 
which  V  is  the  steel  of  the  series  of  iron  carburets  uvw. 

Concluding  remarks. — ^The  perusal  of  the  above  pages  will  have  shown 
that  the  problem  in  hand,  considered  in  its  full  generality,  is  exceed- 
ingly complicated.  Nevertheless,  we  presume  to  believe  that  the 
method  of  attack  which  has  been  briefly  developed  in  this  chapter  con- 
tains promise  of  success.  Both  the  intimate  relationship  between  the 
mechanical  properties  of  iron-carburets  and  their  electrical  behavior, 
as  well  as  the  incomparable  sensitivness  of  the  functions  involved, 
emphatically  commend  our  electrical  diagram  to  the  metallurgical  en- 
gineer. Indeed,  it  is  remarkable  that  metallurgists  have  thus  far  given 
no  attention  to  a  class  of  physical  properties  which,  from  their  simplicity 
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and  pronoanced  character,  seem  above  all  ethers  to  be  adapt^ed  for  pur- 
poses of  discrimination  and  classification.  Magnetic  fanctions,  as  we 
have  shown  elsewhere,  admit  much  less  readily  of  satisfactory  inter- 
pretation, varying  as  they  do  enormously  with  the  figure  and  dimen- 
sions of  the  sample  under  examination.  The  interest  of  the  present 
chapter,  however,  centers  in  Ihe  important  product,  steel.  Ouriously 
enough,  the  large  range  of  variation  of  mechanical  properties  which 
renders  this  substance  so  indispensably  useful  have  not  as  yet  been 
found  available  for  its  accurate  definition.  The  electrical  qualities  of 
steel,  however,  furnish  a  means  to  this  end,  which  can  conveniently  be 
pushed  to  greater  detail  and  nicety  than  will  be  necessary  for  any 
metallurgical  or  even  physical  purposes.  It  is  in  this  respect  that  we 
believe  with  the  present  publication  to  have  opened  a  new  field  of  re- 
search, useful  alike  in  its  bearing  on  the  practical  and  the  theoretical 
problems  concerning  iron-carburets. 
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CHAPTER  VIII. 

BBIEF  SUMMABT  OV  THE  PBINGIPAI«  I>AXJL. 

Introduction. — The  remarks  in  tbis  memoir  refer  almost  exclosivelj 
to  the  species  of  hardness  known  as  temper,  and  which  may  be  imparted 
to  iron-carbnrets  by  sudden  cooling  from  red  heat  combined  with  more 
or  less  sabseqnent  annealing. 

It  &lls  within  the  scope  of  the  work  to  develop  so  far  as  possible  the 
very  close  analogy  which  exists  between  tempering  and  magnetization. 

If  we  define  the  stmcture  of  a  hard  cylindrical  steel  rod  as  being  the 
law  of  variation  of  density  encountered  on  a  passage  ftoin  axis  to  cir- 
cumference along  any  radius  of  the  rod,  then  structural  identity  in  case 
of  two  given  geometrically  ^milar  rods  of  the  same  composition  a  pricfi 
implies  identity  of  diameter.  In  what  way  structure  may  vary  with 
diameter  is  not  even  coiyecturable.  It  follows  that  immediately  com- 
parable magnetic  data  are  to  be  anticipated  only  where  the  rods  of 
variable  hardness  and  length  retain  the  same  thickness  and  composi- 
tion throughout  the  course  of  the  experiments. 

Chapter  L — Like  the  specific  resistance,  the  galvanic  temperature- 
coefficient  of  the  iron-carburets  exhibits  a  phenomenal  range  of  varia- 
tion, passing  from  the  values  for  wrought  iron  and  soft  steel,  0.0052  and 
0.0043,  respectively,  to  the  values  for  hard  steel  and  cast  iron,  0.0016 
and  0.0013,  respectively.  The  said  coefficient  decreases  continuooslf 
and  uniformly  as  resistance  increases,  more  rapidly  than  the  latter  dar- 
ing the  earlier  stages,  much  more  slowly  during  the  later  stages  of  a 
progress  from  iron  to  cast  iron.  An  inferior  limit  of  the  temperature- 
coefficient  would  therefore  seem  to  appear  much  before  the  iron-carburet 
reaches  the  superior  limit  of  resistance.  If  classified  with  reference  to 
the  relation  between  resistance  and  temperature,  the  iron-carburets  as 
a  whole  form  one  continuous  series. 

Chapter  IL — If  the  temperature  from  which  steel  is  suddenly  cooled 
be  supposed  to  increase  continuously  from  a  very  low  value  to  the 
highest  admissible,  the  hardness  of  the  chilled  rod  will  remain  com- 
paratively inappreciable  until  a  certain  critical  temperature  in  red  heat 
is  reached.  At  this  stage  and  a  little  beyond  hardness  increases  at 
exceedingly  rapid  rates  with  temperature,  after  which  the  rate  again 
decreases. 

The  largest  observed  variation  of  thermo-electric  power  produced  by 
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tempering  is  12.8  microvolts  per  degree  centigrade  at  (K>.    llie  largest 
ratio  of  the  respective  resistances  of  hard  and  soft  steel 

45  (cm  /  cm*,  0°,  microhm) :  16  (cm  /  cm^  0°,  microhm)=3. 

Since  hard  and  soft  steel  lie  on  opposite  sides  of  pure  silver  in  the 
thermo-electric  scale,  maxima  and  neutral  points  of  electromotive  force 
(thermo-electric  inversions)  are  a  common  occorrence. 

The  annealing  e£tect  of  any  temperature  acting  on  glass-hard  steel 
increases  gradually  at  a  rate  diminishing  continuously  through  infinite 
time — diminishing  very  slowly  in  case  of  low  temperatures  (<100O), 
very  rapidly  at  first,  then  again  slowly  in  the  case  of  high  temperatures 
(>  20(P);  so  that  the  highest  and  hardest  of  the  inferior  states  of  hard- 
ness possible  at  any  given  temperature  is  approached  asymptotically. 

The  ultimate  annealing  effect  of  any  temperature  t^  is  independent 
of  the  possibly  pre-existing  effects  of  a  temperature  t^^,  and  is  not  in 
any  way  influenced  by  subsequent  application  of  the  latter,  provided 
t>t^  In  case  of  partial  annealing  at  t^  (time  finite)  this  law  applies 
more  fully  the  more  nearly  the  said  ultimate  effect  of  to  is  reached. 

If  hardness  of  steel  is  to  be  expressed  thermo-electrically,  it  is  inex- 
pedient to  use  the  soft  state  as  a  point  of  departure.  The  thermo- 
electric difference  between  soft  steel  and  soft  iron  (say  1)  when  com- 
X)ared  with  the  corresponding  difference  between  the  extreme  states  of 
steel  (say  10)  is  small.  In  soft  steel,  however,  the  effect  of  foreign 
ingredients  (impurities:  S,  P,  Si,  Md,  etc.)  is  still  too  pronounced  to 
admit  of  a  desirably  accurate  determination  of  the  thermo-electric 
I)osition^^^  of  this  metal. 

In  the  case  of  steel,  the  relation  between  thermo-electromotive  force 
per  degree  centigrade  at  (K>,  and  specific  resistance  at  (K>  (»),  is  linear 
throughout  the  whole  of  the  phenomenal  range  of  variation  of  these 
qualities  with  hardness.  This  law  suggests  the  introduction  of  the 
new  variable  thermo'eleotrio  hardne88  (A),  defined  thuS:  Suppose  the  said 
law  of  linear  variation  to  be  true  indefinitely ;  then  will  the  electro- 
motive force  (microvolt)  per  degree  centigrade  at  (K>  of  a  thermo-ele- 
ment  consisting  of  steel  in  the  imaginary  normal  state  whose  specific 
resistance  (cm  /  cm'  <K>  microhm)  is  zero,  and  steel  in  any  given  state,  be 
the  thermo-electric  hardness  of  the  latter.  The  thermo-electric  position 
of  steel  in  the  stated  normal  condition,  with  reference  to  pore  sofk 

silver,  is 

m=sl6.18  microvolts 

per  degree  G.  at  (P.    Finally  in  the  fundamental  equation  Asii», 

n=0.412 

Chapter  HI, — ^The  chemical  theory  of  the  phenomenon  of  temper 
leads  to  this  ulterior  inference.    By  the  simple  process  of  sudden  oool- 

'  ^'^It  may  be  added  here  that,  even  if  chemically  pure  steel  were  available,  ita  thenno- 
electric  position  wonld,  very  probably,  be  eerionsly  variable  in  consequence  of  un- 
knowable differences  in  the  mode  of  occurrence  of  the  carbon  contained. 
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lugy  combined  with  sabseqnent  annealing,  applied  to  steel,  inasmnch  as 
in  this  way,  within  certain  limits,  any  given  amount  of  an  electrically 
active  ingredient  ^carbon)  may  be  converted  into  an  electrically  pas- 
sive form,  the  same  results  are  reached  which  in  the  case  of  alloys  are 
obtainable  only  by  melting  the  two  component  metals  together. 

In  the  case  of  alloys,  the  plane  locus  determined  by  thermo  electric 
power  (microvolts)  per  degree  centigrade,  at  0^,  and  specific  resist- 
ance (cm  /cm*  GO  microhm)  shows  maxima  (or  minima)  for  both  prop- 
erties, so  disposed  that  the  said  singular  points,  at  the  temperature  0^ 
at  least,  do  not  coincide.  The  range  of  variation  of  the  electrical  prop- 
erties in  question  appears  to  increase  with  the  difference  of  specific  vol- 
ume of  the  (two)  ingredients  of  the  alloy.  Applied  to  steel,  the  results 
interpret  the  observed  linear  locus  for  the  metal  (steel)  as  being  the 
initial  tangent  of  a  cupve  of  comparatively  enormous  magnitude. 

Variation  of  resistance  is  a  necessary  concomitant  of  variation  of 
volume ;  no  matter  how  the  latter  may  have  been  produced — whether 
by  temperature  or  by  tempering — the  increments  of  re43istance  («)  doe 
to  a  given  increment  of  volume  (t?)  are  of  the  same  order.  A  purely 
thermal  eflTect  in  the  one  case  does  not  therefore  appear.     If  we  put 


„=..(i+.^^.) 


k  =i!lf;  :  ??I?L=  150,  a  first  approximation. 

Gentle  ignition  after  a  previous  state  of  (hard)  temper  appears  to  be 
generally  accompanied  by  a  passage  of  both  resistance  and  volume 
through  minima. 

The  annealing  effect  of  temperature  and  time  in  the  case  of  drawn 
hardness  is  quite  analogous  to  the  said  effect  in  the  case  of  temper. 

The  position  of  cast  iron  is  isolated  with  respect  to  the  locus  express- 
ing the  simultaneous  variation  of  thermo-electric  |)ower  and  specific  re- 
sistance due  to  changes  of  temper  in  case  of  the  other  carburets  (steel). 
Cf.  this  r^sum^.  Chapter  I. 

The  chemical  theory  does  not  suggest  nor  account  for  the  observed 
phenomena  of  annealing.  Considered  physically  these  are  at  once  ref- 
erable to  the  category  of  viscous  phenomena.  In  the  ordinary  cases 
of  viscosity  measurement,  the  phenomenon  is  evoked  by  sudden  appli- 
cation of  stress  (torsion,  flexure,  tension,  volume  compression  or  exten* 
sion,  Qtc.)  under  conditions  of  constant  viscosity ;  in  the  case  of  anneal- 
ing, by  sudden  decrease  of  viscosity  under  conditions  of  initially  con- 
stant stress.  Thermal  expansion  interferes  with  the  purity  of  these 
phenomena  by  destroying  the  conditions  of  existence  of  the  character- 
istic strain  which  accompanies  hardness,  and  this  in  proportion  as  the 
expansion  is  greater.  The  final  evidence  in  favor  of  the  given  interpreta- 
tion (viscosity)  of  the  phenomena  of  annealing  is  this :  that  the  maxi- 
mum of  permanent  hardness  which  can  in  any  way  be  imparted  to  steel 
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(«.  0.,  the  m^xitnum  intensity  of  strain  whioh  a  steel  rod  is  of  itself  able 
to  maintain)  decreases  rapidly  as  temperatore  increases.  (Of.  Chap, 
ni,  p.  97.) 

The  temperature  condition  (cf.  Chapter  II  of  this  r^sum^)  to  which 
the  appearance  of  glass-hardness  is  subject,  is  readily  suggested  by  the 
chemical  theory.  Physically  the  state  of  red  heat  of  iron  and  of  steel  is 
remarkable  for  the  occurrence  of  certain  characteristic  phenomena :  sud- 
den volume-expansion  (Gumming) ;  anomalous  thermo-electric  behavior 
(Tait) ;  disappearance  of  the  magnetic  quality  (Gore) ;  sudden  appear- 
ance of  glass-hardness  in  steel  chilled  from  this  temperature  (Ghernofif). 
An  anomalous  variation  of  resistance  may  be  additionally  inferred. 
As  regards  conditions  favorable  to  glass-hardness  Gumming's  phenom- 
enon distinguishes  iron  ^nd  steel  from  all  other  substances.  The  difEer- 
ence  between  iron  and  steel,  finally,  is  exhibited  in  like  degree  by  the 
maximum  of  permanent  magnetization,  by  the  maximum  of  permanent 
hardness  (Strain),  and  probably  by  the  maxima  of  other  strains  which 
these  metals,  under  like  conditions,  t'espectively  retain. 

In  the  substance  malleable  cast  iron  there  is  encountered  a  remark- 
able example  of  the  occurrence  of  mechanical  hardness  unaccompanied 
by  an  equivalent  variation  of  the  electrical  properties; 

The  existence  of  the  characteristic  strain  in  glass-hard  steel  is  the 
cause  of  electrical  effects  so  enormous  that  such  additional  effects  which 
any  change  in  carburation  may  involve  can  be  wholly  disregarded,  and 
all  electrical  and  magnetic  results  interpreted  as  due  solely  to  varia- 
tions in  the  intensity  of  the  said  strain. 

Chapter  IV. — Both  the  galvanic  and  the  thermo-electric  effects  of  mag- 
netization are  negligible  in  comparison  with  the  corresponding  electrical 
effects  of  tempering — the  former  amounting  to  less  than  0.3  per  cent,  of 
the  latter  in  the  most  unfavorable  case. 

The  absolute  value  of  the  said  thermoelectric  effect  for  magnetically 
saturated  iron  is  +0.035  microvolts  per  degree  centigrade,  at  zero. 

The  thermo-electric  effects  of  a  temporary  tensile  strain  in  iron  and  of 
magnetization  are  qualitatively  alike.  Hence  we  infer  that  the  latter 
effect  is  to  be  attributed  to  the  strain  which  accompanies  magnetism. 

Chapter  F. — Rigidly  comparable  data  of  the  relation  between  mag- 
netism and  hardness  are  not  readily  obtainable  except  with  magnets 
which  were  originally  integrant  parts  of  the  same  (hard)  steel  rod  of 
uniform  temper  throughout  its  length.  The  plan  of  experimentation  is 
expediently  made  to  conform  with  a  passage  from  hard  to  soft 

If  magnetic  moment  (G.  O.  S.)  per  unit  of  mass  {g)  be  regarded  as  a 
function  of  hardness,  the  family  of  curves  obtained  exhibits  the  follow- 
ing general  character :  Magnets,  whether  long  or  short,  after  incipient 
annealing  from  the  glass-hard  state  diminish  in  magnetizability  to  a  pro- 
nounced minimum  of  this  quality.  If  the  annealing  be  continued  mag- 
netizability again  increases  to  an  enormously  developed  maximum  in 
case  of  rods  of  large  dimension-ratio,  to  a  flat  or  indistinct  maximum  in 
case  of  small  dimension-ratio.    On  passing  from  long  to  short  steel  rods 
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the  fninimam  is  found  to  move  in  a  direction  from  hard  to  soft,  at  very 
slow  rates,  thns  remaining  in  the  region  of  glass-hardness ;  the  maxi- 
mnm,  on  the  other  hand,  in  a  direction  fh)m  soft  to  hard,  at  aomewhat 
more  rapid  rates.  The  unique  maximum  of  permanent  magnetizahility 
will  probably  be  exhibited  by  a  linear  steel  rod,  annealed  from  glass- 
hardness  as  far  as  the  physical  state  of  maximum  density.  The  valae 
of  the  unique  maximum  is  demonstrably  much  above  785  C.  G.  S.  unita 
of  intensity,  or  100  G.  G.  S.  units  of  moment  per  gramme-mass.  Con- 
tinued diminution  of  the  dimension-ratio  finally,  will  probably  bring  the 
said  minima  and  maxima  into  coincidence  in  such  a  way  that  permanent 
magnetizahility  decreases  uniformly  from  bard  to  soft. 

The  family  of  magnetic  curves  must  be  separately  investigated  for 
each  given  diameter  (structure)  and  each  given  degree  of  carburation. 
If  magnetic  moment  per  unit  of  mass  be  regarded  as  a  function  of  the 
dimension-ratio  (a  =  length  /diameter),  the  family  of  carves  obtained 
(conveniently  described  with  the  aid  of  the  four  type  carves:  ^* glass- 
hard,'^  •' yellow  annealed,^  "blue  aftnealed,"  "soft,")  exhibit  the  foUow- 
^g  general  character : 

The  curve  "glass-hard"  is  concave  as  regards  the  axis  of  abscisss 
(dimension-ratio)  throughout.  Rising  very' rapidly  at  first,  it  finally 
ascends  to  a  distinct  limiting  value  or  horizontal  asymptote.  The  carve 
"  soft,"  on  the  other  hand,  rises  very  slowly  in  its  earlier  stages,  and  m 
convex  oh  regards  the  axis  of  abscissa.  From  here  it  passes  rapidly 
through  a  point  of  circumflexion  into  concavity,  and  then  above  tbe 
former  curve.  Finally,  the  rate  of  ascent  again  decreases,  so  that  » 
horizontal  asymptote  is  also  reached,  but  apparently  at  a  later  stage  of 
progress  than  is  the  case  with  hard  steel. 

From  either  of  these  two  loci  expressing  the  variations  of  the  extreme 
states,  we  may  by  annealing  pass  continuously  to  the  other.  But  tbe 
manner  of  such  passage,  from  the  one  curve  to  the  other,  in  conse- 
quence of  the  continuous  change  of  parameter  (hardness),  is  exceed- 
ingly cqmplicated.  Incipient  annealing  of  glass-hard  steel  produces  a 
distinct,  though  relatively  small,  descent  of  the  original  curve  as  a 
whole.  As  annealing  progresses,  the  farther  end  of  the  curve  is  always 
the  first  to  rise  and  to  pass  above  tbe  original  curve  in  such  a  way  that 
the  point  of  intersection  of  the  new  curve  and  the  original  carve  (glass- 
hard)  moves  along  the  latter  with  great  rapidity,  from  greater  to  smaller 
values  of  the  dimension-ratio.  When  the  curve  "  yellow  annealed"  is 
reached,  the  part  of  it  between  a  small  value  of.  the  dimension-ratio,  a 
(=  14  and  18,  in  the  above  measurements,  for  diameters  2  p  =  0.08  cm. 
and  0.15  cm.),  and  a=  oo,  has  been  already  elevated  above  the  carve 
"glass-hard."  At  tbe  stage  of  progress  given  by  the  blue  annealed 
curve,  the  part  between  another  small  value  of  a  {a  =15  and  20  in  tbe 
above  results)  and  a=  oo  has  risen  far  more  rapidly  than  before,  while, 
on  the  other  band,  the  advancing  part  of  curve  between  a=0  and  tbe 
said  small  value  {a=15  or  20,  respectively)  having  descended  very  grad* 
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nally,  is  now  distinctly  convex  downward.  Passing  from  <'blne  an- 
nealed" to  *'<  softy"  the  part  of  the  curve  above  smaller  dimension-ratios 
continnes  to  fall,  in  general  at  greater  rates,  finally  to  merge  into  the 
curve  <<  soft"  The  remaining  part,  above  greater  dimension-ratios,  still 
rises  slowly,  reaching  its  superior  elevation,  f^om  which  it  then  falls 
rapidly  into  coincidence  with  the  extreme  curve  ^'soft"  also.  During 
this  last  phase  of  progress  the  point  of  intersection  of  the  advancing 
curve  and  the  curve  glass-hard  passes  along  the  latter  from  smaller  to 
larger  values  of  the  dimension-ratio. 

Chapter  VI. — In  considering  the  permanent  magnetic  effect  of  tem- 
perature on  steel  permanently  saturated,  it  is  necessary  to  discriminate 
sharply  between  two  species  of  magnetic  loss : 

1.  The  direct  effect,  due  simply  to  the  action  of  temperature,  and  to 
be  ascribed  to  diminution  of  coercive  force  and  to  interference  of  ther- 
mal expansion  with  the  magnetic  strain. 

2.  The  indirect  effect,  due  to  the  action  of  temperature  in  prodacing 
mechanical  annealing,  and  to  be  ascribed  to  the  interference  of  the  re- 
arrangement of  molecules  resulting,  with  the  magnetic  strain. 

The  two  effects  are  frequently  superimposed.  Considered  separately, 
the  latter  (indirect  effect)  is  by  far  the  greater  in  amount,  and  its  char- 
acter, with  regard  to  magnitude  and  duration,  fully  typified  by  the  con- 
comitant phenomenon  of  ordinary  mechanical  annealing.  The  former 
(direct  effect)  is  not  only  of  smaller  magnitude,  but  subsides  completely 
within  a  very  much  smaller  interval  of  time.  A  third  (temporary)  effect 
of  temperature  does  not  fall  within  the  scope  of  the  present  work. 
If  the  contemporaneous  effects  of  the  action  of  temperature  on  i>erma- 
nently  saturated  glass-hard  magnets,  viz.,  reduction  of  magnetic  moment 
per  unit  of  mass  (ordinates)  and  of  specific  resistance  (abscisssB),  be 
compared  graphically,  the  loci  of  the  relation  pass  from  pronounced 
convexity,  as  regards  the  axis  of  abscisste,  almost  horizontally  through 
a  point  of  circumflexion  into  pronounced  concavity.  It  must  be  borne 
in  mind  that  both  the  direct  and  indirect  effcts  are  here  superimposed. 
The  said  curves,  if  constructed  for  diffei-ent  dimension-ratios,  are  ap- 
proximately parallel,  presenting  greater  curvature,  however,  for  smaller 
dimension-ratios  than  for  larger.  The  immediate  bearing  of  temper  on 
the  indirect  effect  is  strikingly  shown  by  the  fact  that,  in  the  case  of 
long,  hard,  permanently  saturated  steel  rods,  the  relation  between  per- 
manent magnetism  per  unit  of  moss  and  resistance,  where  both  varia- 
tions are  simultaneous  and  due  to  changes  of  temper  only,  and  where 
the  latter  occurs  between  the  maximum  of  permanent  hardness  for  ordi- 
nary temperature  and  the  maximum  of  the  same  quality  for  100^,  is 
ultimately  (a  =  oc)  linear. 

The  maximum  of  permanent  magnetization  for  any  given  temperature, 
t^,  whict^can  be  imparted  to  a  steel  rod  exhibiting  the  maximum  of 
permanent  hardness  for  the.  same  temperature,  t^,  is  wholly  independ- 
ent of  the  possibly  pre-existing  states  of  magnetization.    If  t  s  IIKP, 
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such  magnets  possess  exceptional  retentiveness  both  as  regards  efiectB 
of  (atmospheric)  temperature  and  time  and  of  percoasicMi. 

The  following  rales  for  the  practical  treatment  of  magnets,  where 
great  retentiveness  is  the  principal  desideratum,  we  believe  to  be  justi- 
fied in  submitting: 

1.  Bods  tempered  glass-hard  are  not  to  be  used  as  essential  i>art8  of 
magnetic  instruments. 

2.  Having  tempered  a  given  steel  rod  in  snch  a  way  as  insores  oni- 
formity  of  glass-hardness  throughout  its  length,  expose  it  for  a  long 
time  (say  20-30  hours ;  in  case  of  massive  magnets  even  longer  inter- 
vals of  exposure  are  preferable)  to  the  annealing  effect  of  steam  (100^). 
The  operation  may  be  interrupted  as  often  as  desirable.  The  magnet 
will  then  exhibit  the  maximum  of  permanent  hardness  for  100^. 

3.  Magnetize  the  rod — whether  originally  a  magnet  or  not  is  quite 
immaterial — ^to  saturation,  and  then  expose  it  again  for  about  5  hours 
(in  case  of  massive  magnets  even  larger  intervals  of  exposure  are  pref- 
erable) to  the  annealing  effect  of  steam  (100^).  The  operation  may  be 
interrupted  as  often  as  desirable.  The  magnet  will  then  exhibit  both 
the  maximum  of  permanent  magnetization  as  well  as  the  maximum  of 
permanent  hardness  corresponding  to  100<^.  Its  degree  of  magnetic 
retentiveness  against  effects  of  temperature  (<100o),  time,  and  per* 
cussion  is  probably  the  highest  conveniently  attainable. 

Chapter  VII, — Given  any  iron-carburet,  pure  or  impure. 

Suppose  carbnration  to  vary  continuously  from  0  per  cent,  to  6  per 
cent,  by  weight  of  the  whole,  in  any  definite  manner,  and  in  such  a  way 
that  increment  in  total  carbon  is  compensated  by  decrement  in  total 
iron.  Let  there  be  no  further  change  in  the  ingredients  of  the  carburet 
In  this  way  we  generate  a  special  series  of  iron-carbides  of  which  the 
given  carburet  is  a  particular  member. 

Such  a  series  of  iron-carburets  exhibits  the  following  characteristics: 

If  cooled  from  a  temperature  in  red  heat  as  rapidly  as  possible,  thermo- 
electric hardness  varies  continuously  with  carbnration,  at  a  gradually 
retarded  rate,  and  in  such  a  wa^^  that  the  locus  ascends  rapidly  during 
the  earlier  stages  of  progress,  very  slowly  during  the  later  stages.  As  a 
whole,  therefore,  the  curve  shows  pronounced  concavity  downward. 

If  cooled  from  the  same  temperature  in  red  heat  with  all  desirable 
slowness,  thermo-electric  hardness  varies  continuously  with  carburation, 
at  a  gradually  accelerated  rate,  and  in  such  a  way  that  the  locus  ascends 
slowly  during  the  earlier  stages  of  progress,  very  rapidly  during  the 
later.  As  a  whole,  therefore,  the  curve  shows  pronounced  convexity 
downward. 

The  difference  between  the  values  of  thermo-electric  hardness  for  the 
same  carburation  passes  through  a  maximum  in  the  region  of  steel. 

The  difference  between  the  logarithms  of  the  respective  ▼alues  of 
thermo-electric  hardness  for  the  same  carburation  passes  through  a  pro- 
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Boanced  maximuiu,  defining  a  carbide,  the  mechanical  properties  of 
which  are  those  of  a  type  steel,  and  may  be  folly  given  thus: 

Let  each  member  of  the  wLole  series  of  iron-carborets  be  snlgected 
saooessively  to  the  following  operations : 

I.  A  process  of  very  slow  cooling  from  a  given  temperature  in  red  heat. 

n.  A  process  of  most  rapid  cooling  possible  from  the  same  tempera- 
tare. 

If  now  the  carburets  be  examnied  with  reference  to  the  hardness  pro- 
dnced  in  the  two.  instances,  there  will  be  found  among  them  a  certain 
uniqne  member,  whose  properties  are  snch  that  while  process  I  has  more 
nearly  identified  it  with  pure  soft  iron,  process  II  will  have  moved  it 
ftirther  away  from  this  initial  carburet  than  is  simultaneously  the  case 
with  any  other  iron-carbon  product;  a  unique  member,  in  other  words, 
which  is  capable  of  occurring  in  the  greatest  number  of  states  of  hard- 
ness relative  to  the  soft  state,  possible.  To  the  said  product  the  term 
^'  steel"  is  to  be  applied. 

Similar  deductions  may  be  made  from  the  critical  values  of  specific 
resistance  of  iron-carburets. 

The  variation  of  a  function -like  the  one  in  hand  in  the  neighborhood 
of  a  maximum  is  small.  Hence  a  group  of  iron-carburets  disposed  on 
either  side  of  the  said  maximum  will  possess  properties  sufficiently  alike 
to  be  practically  or  commercially  identical  with  the  accurately  defined 
type. 

The  general  statement  of  the  problem  of  which  a  special  solution  is 
contained  in  Chapter  II  is  this : 

The  extreme  values  of  thermo-electric,  hardness,  i.  e.,  the  values  cor- 
responding  to  sudden  cooling  and  thorough  annealing,  respectively,  de- 
scribe any  given  member  of  any  given  series  of  iron-carburets  with  refer- 
ence to  its  chemical  properties.  In  other  words,  the  said  extreme  values 
fix  its  position  in  a  diagram  of  classification  peculiar  to  iron-carburets. 
The  intermediate  values  of  thermo-electric  hardness,  i.  e.,  the  values  ly- 
ing between  the  extremes  and  obtainable  by  annealing  of  the  previously 
chilled  carburet,  describe  the  same  product  with  reference  to  its  me- 
chanical properties.  In  other  words,  the  said  intermediate  values  deter- 
mine its  position  in  a  scale  of  hardness  peculiar  to  the  particular  iron- 
carburet  in  hand. 

Given  the  same  iron-carburet  pure  or  impure,  as  before.  To  this  be- 
long another  series  of  carburets,  so  generated  that  while  chemical  com- 
position remains  unchanged,  the  mode  of  occurrence  of  carbon  passes 
flrom  an  initial  extreme  phase  to  a  final  extreme  phase.  In  the  simple 
ease,  where  carbon  is  present  in  the  combined  and  uncombined  modifi- 
cations only,  ^S  ^frr   =^  ™*y  ^  regarded    as  the  initial  phase, 

— -,     >  ^  =1,  as  the  final  phase  of  opcurrence.    The  character  of  the 

Tariation  of  thermo-electric  hardness  with  the  generating  variable — con. 
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veniently  termed  qaalitative  carbaration — cannot  as  yet  be  enanciated. 
The  totality,  or  whole  class  of  iron  carbnrets  of  which  the  given  sample 
is  a  particular  member,  finally,  may  be  expressed  by  a  dia^am  in  three 
dimensions,  in  which  thermoelectric  hardness  api>ear8  as  ordinate, 
quantitative  carburation  (total  carbon  in  per  cents.)  as  one  independent 
variable,  x^  qualitative  carburation  as  the  other  independent  variable,  y. 
In  the  general  equation  of  such  a  surface,  impurities  (S.  P.  Si.  Mn.  etc) 
including  any  further  modification  of  carbon,  are  indicated  by  arbitrary 
constants  (parameters).  Any  variation  of  each  or  all  of  these  is  equiv- 
alent to  a  passage  from  one  definite  classification-surface  to  another. 

In  constructing  the  diagram  use  was  made  of  a  class  of  easily  meas- 
urable physical  properties,  thermo-electric  hardness  and  specific  resi8^ 
ance,  w)|ich  in  the  case  of  iron-carburets,  from  their  simplicity  and 
pronounced  character,  seem  above  all  others  to  be  adapted  for  purposes 
of  discrimination  and  classification.  In  addition  to  these,  however, 
both  the  density  and  magnetic  quality  (magnetic  moment  per  unit  of 
mass  of  permanently  saturated  linear  rods)  of  iron-carbnr^ts  are  simi- 
larly, though  less  conveniently,  available.  On  the  basis  of  the  above 
magnetic  researches  it  may  be  safely  affirmed  that  the  given  plan  of  dis- 
cussion, if  applied  in  turn  to  these  functions,  mast  lead  to  a  classifica- 
tion-diagram differing  in  no  essential  respect  from  the  above. 
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APPENDIX. 

ON  THE  RBL.ATION  BETWEEN  THE  THERMO-ELECTRIC  PROPERTIES, 
THE  SPECIFIC  RESISTANCE^  ANI>  THE  HARDNESS  OF  STEEL.  (1879).*^ 

1. INTRODUCTORY    REMARKS. 

The  experiments  which  gave  rise  to  the  following  paper  were  com- 
menced with  the  view  of  further  studying  the  relation  between  the 
mazimnm  of  permanent  magnetism,  hardness,  and  form  of  steel,  a  sab- 
ject  proposed  for  inaagoral  work  by  Professor  Kohlransch. 

Although  this  question  has  elicited  considerable  experimentation  ever 
since  Coulomb's^'''  time,  it  was  not  until  comparatively  recently  that  har- 
monious results  were  arrived  at,  chiefly  through  the  labors  of  Buths,"^ 
Eowland,*™  Gaugain,*™  Fromme,^**  Trfeve  and  Durassier,^"^  and  Qray.^" 
All  these  observers,  however,  classified  steel,  with  reference  to  its  hard- 
ness, either  simply  into  hard  and  soft,  or  accepted  the  colors  of  the  oxide 
film  on  the  tempered  bar  as  a  criterion  of  distinction  sufficient  for  their 
purposes.  It  seemed,  therefore,  that  the  most  probable  method  of  further 
elucidating  the  magnetic  subject  referred  to  would  consist  in  attempting 
to  find  some  method  by  which  the  hardness  of  steel  can  be  more  dis- 
tinctly and  more  rationally  expressed.  My  endeavor  was,  in  other 
words,  to  give  the  very' vague  notion  hardness,  as  applied  to  steel,  a 
quantitative  signification.  So  long,  however,  as  the  ultimate  nature  of 
hardness  does  not  admit  of  accurate  definition,  it  is  sufficient  for  the 
accomplishment  of  this  end  to  examine  some  of  the  other  properties  of 
steel,  which  likewise  vary  with  its  hardness,  and  by  considering  the 
magnetic  moment,  cceteris  paribuSj  as  dependent  on  the  former,  to  elimi- 
nate, as  it  were,  the  notion  of  hardness  between  them.  My  attempt  is, 
in  short,  to  find  an  expression  of  the  more  comphcated  functions  of 

*^^Thi8  is  here  printed  for  its  bearing  upon  the  discussion  of  steel,  in  the  form  of 
its  original  publication  in  the  Phil.  Mag.  (5),  VIU,  pp.  341-368,  1879. 

"^Coulomb:  Blot.  Phys.  Ill,  p.  1C8,  &c.;  Hansteen:  Pogg.  Ann., Ill,  p.  236,  1825; 
Mttller:  Pogg.  Ann.,  LXXXV,  p.  157,  1852;  PlUcker :  Pogg.  Ann.,  XC|V,  p.  28, 1855; 
Wiedemann:  Pogg.  Ann.,  CVI,  p.  169, 1859;  Lamont:  Handbnch.  d.  Magnet.,  pp.223, 
249-253. 

1"  Ruths:  Inaugural  Dissertation,  p.  34.    Darmstadt,  1874. 

»"  Rowland :  Phil.  Mag.  (4),  L,  p.  361, 1875. 

»"Gaugain:  Comptes  rend.,  LXXXIl,  p.  145,  1876. 

>"Fromme :  Oott.  Naohr.,  No.  7, 1876,  p.  157  ei  9eq. 

>«  Tr^Te  and  Durassier:  Ann.  de  Chim.  et  de  Phys.  (0),  V,  p.  266,  1875. 

»  Gray :  Phil.  Mag.  (5),  VI,  pp.  321-3, 1878. 
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hardness,  caeteris  paribus^  in  terms  of  the  more  simple.  Of  the  latter, 
the  therme-electric  properties  and  the  specific  resistance  of  steel,  boUi 
admitting  of  accurate  and  easy  determination,  appear  mobt  saitable. 

But  the  experiments  on  hardness  and  the  electrical  properties  alluded 
to,  although  only  introductory  in  their  character,  gave  rise  to  a  number 
of  new  results.  I  determined,  therefore,  to  publish  them  separately. 
To  obtain  as  complete  a  picture  as  possible  of  these  phenomena  I  have 
made  free  use  of  all  the  information  on  the  subject  within  my  reach. 
In  each  case  the  author  borrowed  from  is  cited. 


2. — APPARATUS   FOR   HARDENING   THIN   STEEL   WIRE. 

For  reasons  which  become  apparent  below^"  the  principal  experiments 
of  the  following  paper  are  confiDed  to  thin  rods  cut  from  the  same  ooiL 
The  rather  difficult  task  of  hardening  these  homogeneously  throughoat 
their  length,  without  giving  rise  to  a  change  in  their  chemical  composi- 
tion (either  from  oxidation  or  carburation),  I  believe  to  have  accom- 
plished by  the  aid  of  the  following  apparatus: 

A  gla«s  tube  200  to  300  millimeters  long,  8  millimeters  wide,  was  pro- 
vided at  a  distance  of  about  80  millimeters  from  one  end,  with  two 
opposite  apertures  aa,  Fig.  26,  each  about  3  millimeters  in  diameter. 

This  part  was  then  surrounded  with  a  cork,  A,  i)er- 
forated  perpendicularly  to  the  axis  of  the  tube  in 
a  manner  to  correspond  with  the  holes  an.  This 
arrangement  is  fastened  vertically  in  a  suitiible  iron 
stand  (not  shown  in  the  figure).  The  wire  to  be 
hardened  is  introduced  into  the  tube  and  fastened 
below  to  a  brass  rod,  ft/t,  fitting  tightly  in  the  per- 
foration hanh^  and  above  to  the  spring  dK.  For 
the  purpose  of  fastening  the  lower  end  it  was  found 
sufficient,  after  having  previously  wound  it  around 
the  rod  hh  so  as  to  form  a  coil  which  could  easily 
be  made  to  slide  off,  to  push  the  rod  through  haah 
and  the  coil,  the  latter  having  been  introduced  into 
the  tube  from  the  top.  The  spring  dK^  round  the 
lower  half  of  which  the  other  end  of  the  wire  was 
wound,  the  upper  half  being  provided  with  a  clamp- 
screw  gg^  was  fastened  to  a  second  arm  of  the 
stand  (also  omitted  in  the  figure).  By  properly 
Fig.  26— Apparatus  for  hard,  adjusting  the  rod  hh  and  the  arms  of  the  stand  the 

eulng. 

wire  could  be  brought  into  coincidence  with  the 
axis  of  the  tube  and  stretched  as  far  as  was  necessary. 


IS)  Diffioillties  dae  to  stracture,  vide  $  7,  d. 
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A  powerful  galvanic  current  heated  the  wire  to  the  degree  of  redness 
desire<l.  The  former  entered  gg  and  passed  back  to  the  battery  through 
hh  (as  shown  in  the  figure).  To  prevent  the  oxidation  of  the  wire  dur- 
ing the  heating,  a  current  of  dry  G02-gas,'^  was  passed  through  the 
tube,  entering  by  means  of  the  hose  C  attached  to  the  lower  end. 

After  the  wire  had  attained  a  steady  uniform  glow  the  hose  0  was 
closed  by  the  fingers,  its  connection  with  the  carbonic-acid  apparatus 
disadjusted,  the  open  end  being  connected  with  a  neighboring  hydrant 
inslead;  hereupon  the  faucet  of  the  latter  was  quickly  opened,  the  gal- 
vanic  current  being  at  tke  same  time  interrupted;  the  water  dashing 
up  the  tube  (as  an  unbroken  column,  however)  with  great  velocity,  im- 
parts to  the  wire  the  hardness  desired.  Before  each  experiment  the 
parts  of  the  apparatus  were  well  dried  in  a  current  of  air. 

The  apparatus  described  presents  .the  following  advantages: 

(1)  By  employing  currents  of  different  intensity,  thus  heating  the 
wire  to  different  degrees  of  redness,  we  are  able  to  obtain  correspond- 
ing degrees  of  hardness,  which,  though  scarcely  distinguishable  me- 
chanically (all  appearing  equally  hard  and  brittle),  have  very  different 
effects  on  the  magnetic  and  electrical  properties  of  steel.*'' 

(2)  From  the  fact  that  the  wire  is  kept  in  a  state  of  continual  tension 
by  the  spring  dJT,  and  from  the  particular  method  of  chillipg,  the  wires 
remain  straight  after  being  hardened. 

(3)  The  very  slight  oxidation  noticeable  on  the  hard  wires  is  prob- 
ably due  to  the  contact  of  water  and  steel  in  the  act  of  hardening. 

Disadvantages,  however,  arise  from  the  fact  that  the  use  of  the  ap- 
paratus is  confined  to  thin  bars,  and  that  the  wires  obtained  may  be  in 
a  state  of  circular  magnetization.  This  would  partly  prevent  their  em- 
ployment in  (certain)  subsequent  magnetic  experiments.  The  difficulty 
may  however  be  avoided  by  opening  the  galvanic  current  a  little  before 
opening  the  faucet. 


3. — ^METHODS    OF     BfEASURING    THE   HARDNESS     OF     STEEL   ELEC- 
TRICALLY. 

(a)  Thermoelectrie  position  and  hardness  of  steel. — Ii^this  place  it  will 
be  expedient  to  leave  the  special  consideration  of  steel  for  the  moment, 

1**  UaTing  accidentally  employed  moist  carbonic-acid  gas,  a  small  flame  was  observed 
at  the  top  of  the  tube.  This  is  probably  dae  to  the  combustion  of  H«  and  CO,  the 
former  being  generated  by  the  decomposition  of  aqaeons  vapor  by  the  hot  steel,  the 
latter  by  the  action  of  the  nascent  H  prodnced  on  the  COs. 

1"*  See  IX.  The  coercive  force  of  steel  being  a  minimnm  at  a  point  in  incipient  red- 
ness, it  is  possible  that  this  apparatus  might  be  used  in  obtaining  intense  cironlarly 
or  longitudinally  magnetio  wires.  In  the  first  case,  the  wires  should  be  cooled  with- 
out breaktng  the  current ;  in  the  second,  the  wires  surrounded  by  a  tube  through 
which,  during  the  act  of  hardening,  a  powerful  galvanic  onrrent  flows.    (See  Holts, 

Wied.  Ann.,  VU,  p.  71, 1879.) 
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giving  attention  to  the  electromotive  force  of  a  thermo-element  com- 
posed of  any  two  different  metals  A^  and  A", 

Kohlraascb^^  has  shown  that  the  phenomena  included  under  the  head 
of  thermo-electricity  can  be  explained  on  the  hypothesis  that  the  heat 
current  is  always  accompanied  by  an  electric  current,  whose  intensity 
is  proportional  to  the  number  of  caloric  units  passing  the  same  section. 
He  thus  arrives  at  an  expression  for  the  electromotive  force  between 
any  two  metals  (A^  and  A^^)  which,  if  for  simplicity  we  suppose  the  cold 
end  to  be  kept  at  zero/^  has  the  following  form: 

JB,=[3/-S/']r[l+/(r)^ 

where  St  is  the  electromotive  force  corresponding  to  the  difference  of 
temperature,  r,  of  the  ends;  (S^— S''),  a  constant,  specific  for  the  combi- 
nation. 

This  expression  of  Kohlrausch'is  very  convenient,  inasmuch  as  it 
allows  us  to  separate  the  actual  electromotive  force  into  two  terms,  of 
which  the  first, 

B'r\l+f(r)\ 

is  dependent  only  on  the  metal  A^  and  r,  the  second,  B"  r  [l+/(r)],  only 
on  A^^  and  r. 

Now,  we  know  that  the  thermo-electric  position  of  a  metal  is  depend- 
ent not  only  on  its  chemical  nature,  but  also  on  its  mechanical  condi- 
tion (hardness).    Let  us  therefore  put 

where  ^o^  and  BJ'  are  to  represent  the  (absolute)  constantB  dependent 
on  the  chemical  nature  of  A^  and  A'^,  respectively,  &  and  6",  however, 
varying  with  the  hardness  of  the  metals.  Thus  the  above  equatioa 
becomes: 

^,=[v-vi+[^-nni+/(r)] 

But  suppose  that  A^  and  A^^  are  not  different  metals,  bat  represent 

two  rods  to  which  different  degrees  of  hardness  have  been  imparted, 

which  were  originally,  however,  cut  from  the  same  wire.     In  this  case 

[3 '- VI  =0,  whence 

Er^ie'^ff']  r  [l+/(r)] 

dei>endent  only  on  r  and  the  difference  of  hardness  of  the  rods. 

It  will  be  shown  below  that  the  electromotive  force  of  an  element  of 
soft  and  hard  steel  varies  continuously  with  the  difference  of  tempera- 
ture r  and  with  the  difference  of  hardness  of  the  rods.  We  will  there- 
fore put  ^^,  the  constant  belonging  to  the  soft  bar  (i.e.,  one  which  has 
been  heated  above  redness  and  allowed  to  cool  slowly  in  a  badly  con- 
ducting medium),  equal  to  zero,  as  it  is  in  this  that  the  molecules  wUl 

**BEohlrauBch:  Pogg.  Ann.,  CLVI,  p.  601, 1876. 

.'"  The  thetmo-eleotromotive  force  being,  according  to  Tait,  Ayenarios,  Hankel,  aad 
others,  a  fiinotion  of  the  temperature  of  the  two  ends. 
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most  probably  have  assumed  nonnal  positions.    If,  fbrtbermorei  we 
replace*^T=^  r  [l+/(r)]  by  JBrssar+ftr*,  a  snfficieat  approximation  for 

practice,  we  derive  .Jil=:a+26r  and  ^^    ssa,  for  r=0. 

This  expression,  t. «.,  the  limiting  value  of  the  electromotive  force  of 
a  thermo-element  composed  of  a  soft  rod  and  one  of  any  degree  of  hard- 
ness to  the  corresponding  difference  of  temperature^*"  when  the  latter 
converges  towards  zero,  will,  in  the  sequel,  be  taken  as  the  measure  of 
hardness  of  the  harder  bar.  I  shall  apply  the  term  thermo  electri') 
hardness  abbreviated  (T.E.H.)  to  it,  throughout  the  following  paper. 

The  relation  between  the  thermoelectric  properties  and  the  hardness 
of  steel,  notwithsta>nding  its  comparative  importance,  has  never  to  my 
knowledge  been  made  the  subject  of  detailed  and  exclusive  study.  All 
the  experiments  thus  far  published  (the  principal  being  those  of  Mag- 
nus,*® Sir  William  Thomson,**®  and  B.  BecquereP**),  are  of  a  qualitative 
nature,  the  results  being  derived  from  the  direction  of  the  current  ob- 
served on  bringing  together,  in  one  way  or  another,  wires  of  different 
hardness. 

The  experiments  of  Magnus,  being  limited  to  hard-drawn  wires,  do 
not  properly  fall  within  the  scope  of  the  present  paper.  The  same  is 
true  of  a  number  of  the  experiments  in  the  excellent  paper  of  Sir  Will- 
iam Thomson.  With  regard  to  the  effects  of  annealing  Professor 
Thomson  observes:  ^^  In  cases  of  round  steel  wire,  of  steel  wire  flattened 
through  its  whole  length  by  hammering,  and  of  steel  watch-spring,  the 
thermo-electric  effect  of  annealing  portions  after  the  whole  had  been 
suddenly  cooled,  was  a  current  from  unannealed  to  annealed  through 
hot."    This  result  comprehends  all  that  has  thus  far  been  done. 

(b)  Specific  resistance  and  hardness  of  steel. — With  reference  to  the 
specific  resistance  and  the  hardness  of  steel,  I  shall  piroceed  in  a  man- 
ner analogous  to  the  preceding.  Denoting  the  observed  specific  resist- 
ance of  a  bar  by  jS,  that  part  of  8  which  is  due  only  to  the  chemical 
nature  of  the  rod  by  '8^^  that  due  to  hardness  by  J  jSq,  I  have 

8^So+^So 

Now,  as  it  follows  from  results  given  below  that  the  specific  resist- 
ance of  steel  increases  continuously  with  its  hardness,  it  will  be  con- 
venient to  put  JjSo  for  the  soft  bar  equal  to  zero.  The  value  of  J  80  for 
a  bar  of  any  degree  of  hardness,  thus  numerically  determined,  will  in 
the  following  be  accepted  as  a  second  measure  of  that  property.  The 
work  thus  &r  published  on  the  relation  between  specific  resistance  and 

1"  The  oolder  end  being  sappoeed  at  (P. 
uBMagnoB:  Pogg.  Ann.  LXXXIII,  p.  486, 1851. 
^»Thom8on:  PbU.  Trans.,  Ill,  pp.  709-787, 1866. 
i»i  Beoqnerel :  Ann.  de  Chim.  et  de  Phys.,  (4),  VIII,  p.  408, 1866. 
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hardness  of  steel  is  dae  principally  to  Mousson.^^  Of  late,  results  have 
been  announced  by  Chwolson.^^  The  data  of  both  observers  agr^e  only 
qualitatively  with  mine,  and  among  themselves. 


ii 


I) 


4.-:— DETERMINATION    OF    THERMO-ELECTRIC    HARDNESS.       APPA- 
RATUS. 

(a)  Method  of  measurement — In  the  determination  of  thermo-electric 
force  the  procedure  known  as  Ohm's  method  was  first  employed.  After- 
wards it  was  found  expedient  to  measure  these  forces  (as  Kohlraosch 
and  Ammann*^  had  done  in  similar  experiments  before)  by  a  zero  method, 
the  object  being  to  avoid  the  species  of  polarization  due  to  Peltier's 
phenomenon.  My  method  can*  easily  be  deduced  from  that  proposed 
by  Bosscha,  the  latter,  in  the  case  where  small  electromotive  forces  are 
to  be  measured,  admitting  of  simplification.    In  the  diagram,  Fig.  27, 

Ij  denotes  the  compensating  element  (1  Daniell's  ele- 
ment =  11.7  Weber  x  Siemens'  units),  e  the  thermo- 
couple whose  electromotive  force  is  to  be  determined, 
both  acting  as  shown  in  the  figure,  C  a  Weber's  com- 
mutator (employed  f(»r  reasons  given  below),  0  the 
galvanoscope.  Let  the  resistance  of  the  branch  ab 
^^'  ^iJ^STw.^''"  ""^  ^®  represented  by  a?,  that  of  the  branch  aEb  by  W+k^ 

where  W  represents  the  large  resistance  of  a  rheostat 
interposed,  k  that  of  the  remainder  of  the  branch  (about  equal  to  1 
Siemens'  unit)  including  U.    When  the  current  in  0  is  zero  we  have. 


X 


^     W+k  +  x 


e 


"^ 


But  as  -p  is  small,  and  therefore  of  necessity  also  x  (maximum  value 

=10  S.  U.),  in  comparison  with  W+k+x  (20,000  Siemens'  units),  I  may 
with  sufficient  approximation,  put 

the  experimental  accuracy  attainable  allowing  me  to  neglect  (k  +  x)  in 
comparison  with  W.  In  the  experiments  the  branch  ab  was  a  small 
Siemens'  rheostat. 

The  precise  moment  at  which  the  current  in  the  galvanoscope  is  zero 
can  be  best  determined  by  observing  whether  the  needle  on  closing  and 
opening  the  circuit  remains  at  rest.  This,  however,  is  only  possible 
when  the  opposed  currents  from  e  and  U  which  pass  through  the  gal- 
vanoscope are  closed  simultaneously.    To  accomplish  this  the  little 

i»«Mou88on:  N.Deuksch.  d.  Schw.  Gesellsch.  (8),  XIV,  pp.  1-90,  1855. 
>«»Chwol8on :  M«S1.  Phys.  de  St.  P^tersbourg,  X,  p.  379, 1877.    See  also  Corrs  Bepert, 
XIV,  p.  15,  1878. 
^^Kohlrausch  and  Ammann :  Pogg.  Ann.,  CXLI,  p.  450,  1870. 
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cups  at  the  end  of  the  rods  1  and  2  of  the  commntator  were  qnite  filled 
with  mercury,  thosve  of  3  and  4  only  partially.  By  this  device,  on  clos- 
ing:, Ci  and  C%  are  first  brought  into  contact,  and  the  current  EC%  Cx 
haWE^  not  passing  throagh  the  galvanometer,  comes  into  action ;  in  the 
next  moment  (C3  and  C4  being  joined)  the  current  from  e  and  the  par- 
tial current  from  E  referred  to  are  closed  simultaneously.  In  this  way 
also  induction-currents  which  may  possibly  be  generated  in  the  rheostat, 
are  without  disturbing  eflfect.  The  commutator  merely  serves  the  pur- 
pose of  a  double  key. 

As  the  electromotive  forces  to  be  measured  were  all  very  small,  the 
large  resistance  W  could  be  left  unaltered,  so  that  e^  const,  x.  Now, 
the  resistance  x  was  so  chosen  that  the  intensity  of  the  current  from 
e  exceeded  that  of  the  partial  current  from  E  by  the  minimum  possible. 
The  thermo-electric  force,  however,  decreasing  with  the  temperature, 
T^tssT  of  the  ends,  a  moment  soon  arrives  at  which  the  intensities  of 
the  two  currents  are  equal,  and  the  deflection  of  the  needle  =  0,  in  con- 
sequence.   At  this  point  the  thermometers  are  read  off. 

(6)  Description  of  thermoelement, — Instead  of  measuring  the  electro- 
motive force  of  soft  and  hanl  steel  directly,  it  was  found  expedient  to 
compare  all  the  rods  with  one  and  the  same  piece  of  copper  wire.  By 
this  means  the  apparatus  could  be  considerably  simplified  and  many 
practical  difficulties  avoided.  The  construction  of  the  copper-steel 
couple  is  given  in  vertical  section  in  Fig.  28. 

To' raise  the  ends  of  the  rod  to  different  temperatures  two  doubly- 
tubulated  receivers,  each  about  10  centi- 
meters in  diameter,  were  used.  These,  held 
in  position  by  movable  supports  of  poorly- 
conducting  material,  and  so  placed  that 
the  tubnlures  A  and  B  were  horizontal,  the 
other  two  vertical,  were  connected  by  a 
glass  rod  cd  fitting  watertight  in  the  per- 
forated corks  adapted  to  the  horizontal  ^'°-  ^"^^'*«*"'i,Sr  "*'  *^*™^*^"* 
tubnlures.    This  rod  served  a  double  pur- 

l>ose.  By  uniting  the  receivers  as  one  it  prevented  breakage  of  the  very 
biittle  steel  rods,  at  the  same  time  allowing  the  receivers  to  be  easily 
adjusted  and  removed ;  on  the  other  hand  the  receivers  could  by  means 
of  it  be  placed  at  any  distance  apart,  this  being  necessary,  as  the  rods 
to  be  examined  were  of  very  different  lengths. 

On  one  side  of  the  glass  rod  the  copper  wires  which  acted  as  poles 
of  the  instrument  were  inserted  once  for  all ;  on  the  other  two  appro- 
priate holes  served  for  the  introduction  of  the  steel  rods  ss  to  be  tested. 
The  ends  of  the  latter  were  connected  with  the  corresponding  ends  of 
the  copper  wires  by  small  fiat  clamp-screws  of  brass. 

The  apparatus  being  thus  ready  for  experiment  the  two  receivers 
were  filled  with  distilled  water  at  T^  and  t^,  respectively,  where  t  was 
80  chosen  as  to  differ  but  slightly  from  the  temperature  of  the  room. 
Bull.  4 U  (801) 
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The  thermometers  (introduced  through  the  vertical  tabnlares)  were 
read  off  with  a  telescope  as  follows :  The  deflection  of  tbe  needle  hav- 
lug  become  very  small,  t  was  determiued,  after  which,  when  the  conent 
in  6  =  0,  T,  whereupon  another  check-reading  of  t  was  made.  Before 
each  observation  the  water  in  the  receivers  was  well  stirred. 

(e.)  Oalvanoscope. — The  galvanoscope  used  was  a  very  delicate  instru- 
ment of  Sauerwald's,  provided  with  mirror  and  astatic  needle.  The 
deflection  of  the  latter  was  read  off  with  telescope  and  scale.  As  the  tele- 
scope of  this  instrnment  stood  side  by  side  with  the  telescoiie  for  the 
thermometers,  both  readings  could  conveniently  be  made  by  the  same 
observer. 


'■^ 


^1 


H 


'  i 


5. DETERMINATION    OF   SPECIFIC   RESISTANCE. 

For  determining  the  specific  resistance  of  steel  rods  ase  was  made  of 
Wheatstone-Kirchhoff's  bridge.    An  appropriate  commatator  allowed 
the  observer  to  exchange  the  unknown  resistances  without  altering  tlie 
value  of  those  belonging  to  the  bridge  proper.    Thermo-electric  dis- 
turbances were  avoided  as  far  as  possible  by  closing  the  current  (1  Smee 
with  large  resistance)  only  for  very  short  intervals  of  time.    Finally 
they  were  eliminated  completely  by  replacing  the  hydro-electromotive 
force  by  Weber^s  magneto-inductor.*^    The  resistances  of  all  rods  were 
determined  in  terms  of  an  arbitrary  standard  6  (0.0312  Siemens  unit 
at  0^),  chosen  to  correspond  in  magnitude  with  the  unknown  resistances. 
The  galvanometer  used  was  the  one  already  mentioned  above. 

As  the  resistances  to  be  measured  were  all  very  small  (0.1  to  0.01 
Siemens  nnit),  great  care  had  to  be  taken  to  exclude  all  disturbing  resist- 
ances due  to  insufficient  contact.  Soldering  could  not  be  resorted  to, 
as  it  was  believed  that  the  ends  would  thereby  be  annealed.  The  method 
adopted  was  as  follows :  The  ends  of  the  rods  having  been  well  cleaased 
were  covered  to  about  1  centimeter  with  a  thin  adhesive  film  of  galvan- 
ically  deposited  copper,  which  was  thereupon  amalgamated  (easily  ac- 
complished by  plunging  the  freshly-covered  part  in  mercury).  The  rod 
thus  prepared  was  then  fixed  together  with  a  glass  rod  in  two  corks,  in 
a  manner  similar  to  that  employed  in  the  case  of  the  thermo-elemeot, 
and  the  whole,  except  the  amalgamated  ends,  covered  with  a  thick  coat  of 
varnish.  Suitable  wooden  cups,  provided  with  horizontal  and  vertical 
apertures,  completed  the  connection  of  the  rods  with  the resi>ective  parts 
of  the  bridge  by  means  of  mercury. 

The  efficient  length  was  determined  by  deducting  from  the  total  length 
that  of  the  amalgamated  ends.    For  the  measurement  of  diameter  use 

^^  Weber :  Pogg.  Ann.,  CXLII,  p.  418, 1871.  Tbe  dm  of  tbe  magneto-iodactor  in  eon- 
nection  witb  tbe  bridge  was  saggested  by  Koblraoscb.  This  pbysiciat  also  showed 
that  the  method  is  applicable  even  when  the  resistances  to  be  determlDed  are  in  form 
of  coils,  the  extra  carrents  produced  being  calculable.  I  foand  the  application  of 
great  convenience,  inasmnch  as  the  observer  always  has  the  needle  of  a  delicate  galvs- 
nometer  completely  nnder  bis  control. 
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was  made  of  the  microscope.  A  determination  of  this  dimension  from 
known  weight,  specific  gravity,  and  length  was  impracticable,  inasmuch 
as  the  nse  of  the  pycnometer,  which  alone  would  have  given  safficiently 
accurate  results,  would  have  compelled  me  to  break  the  rods. 


6. — ^EXPERIMENTAL   RESULTS. 

A.  Thermo-electric  hardness  of  rods  suddenly  immersed  in  cold  water 
trhile  in  different  states  of  red  heat, — ^The  following  (older)  results  were 
obtained  directly  by  Ohm's  method.  JEJ,  was  put  =  constant  r,  acondition 
nearly  fulfilled  by  couples  of  soft  and  hard  steel  between  zero  and  80^,  in 
which  case  T.  E.  H.  and  the  constant  of  proportionality  are  identical. 
The  rods  were  hardened  in  the  apparatus  described  in  §  2 ;  diameter  = 
0.0678  cm.;  the  numbers  preceded  by  the  point  (.)  were  afterwards 
checked  by  the  method  of  compensation.  T.  E.  H.  is  expressed  in 
Weber  x  Siemens  units. 

The  third  column  of  the  following  table  contains  the  number  of  large 
Bunsen  cells  employed  in  heating  the  wire,  the  fourth  the  observed  de- 
gree of  redness  at  the  time  of  sudden  cooling. 

Table  I. 


Ko. 

T.  S.  H. 

Bunsen 
element*. 

1 

0.0000004 

Soft,  cooled  slowly  from  red  heat. 
Below  redneee. 

.2 

0.000008 

i' 

(     3 

0.000012 

5    1 

)     4 

0.000000 

5 

0.000000 

6 

0.000000 

6    >  Ignited  diirk  red. 

(     7 

0.000052 

7 

\   -8 

0.000049 

7 

(     » 

0.000054 

7 

(.10 

0.000056 

8 

\   11 

0.000057 

8 

(   12 
C.13 

0.000063 
0.000064 

8 
9  i 

'  Ignited  brick  red. 

\   " 

0.0OOU65 

9  - 

(   15 

0.000064 

9 

t 

The  Bunsen  cups  were  introduced  without  altering  the  remaining 
part  of  the  circuit  The  length  of  the  wire  heated  was  not  in  all  cases 
the  same. 

jB.  Further  thermO'Clectriodata.  Hard  steel, — The  following  determina- 
tions were  made  in  the  summer  of  1878;  temperature  of  the  room  very 
constant  and  at  about  2(P,  this,  as  already  observed,  being  nearly  the 
same  as  ty  the  temperature  of  the  water  in  the  colder  receiver.  The 
method  of  compensation  was  employed  throughout.  The  determination 
of  T  \^as  effected  by  a  Geissler  normal  thermometer  (graduated  in  O^.i), 
that  of  t  by  an  ordinary  instrument  (graduated  in  0^.2)  which  had,  how- 
ever, been  carefully  compared  with  the  former. 

In  Tables  II  and  III  the  difference  of  temperature  of  the  ends  of  the 
steel  rod  is  given  under  r,the  corresponding  electromotive  force  for  the 
elements  copper-steel  under  Er ;  a  and  /3  are  constants  which  satisfy 
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the  equation  Er^ar^  /3t\  Tbese  were  calculated  by  first  com pu ting 
their  approximate  values  out  of  two  distant  observations,  and  then  add- 
ing to  them  corrections  deduced  from  five  of  the  most  satisfactory  ob- 
servations, by  the  method  of  least  squares. 

If,  now,  we  denote  by  a  and  b  the  constants  of  an  element  soft-steel  and 
hard-steel,  corresponding  to  those  a,  /Sy  a',  /3'  of  the  same  rods,  when  com- 
pared with  copper,  we  shall  have,  since  JSt  =  ar-^/Sr^  and  £\  =  «'r  —  P'^j 

But  J57t— jB/=Et,  the  electromotive  force  of  the  element  steel-steel; 
so  that,  since  also  E^ = ar  —  ftr*, 

The  constants  a  and  b  are  given  in  the  last  two  columns,  a  may  be 
regarded  as  numerically  equal  to  the  T.  E.  H.  above  defined,  as  i^r  i^ 
nearly  a  linear  function  of  r. 

Table  11,—Boda  0.0676  ceniimefers  thick. 


No. 

T 

Obterred. 

CalonlAted. 

a 

fi 

a=T,B.H. 

b 

il 

13.92 
25.68 
89.78 
49.84 
62.65 

0.001464 
2635 
8981 
4859 
6081 

0. 001457 
2686 
8985 
4862 
6030 

I    0.0001071 

0.0000001783 

Nil 

NO. 

,.. 

17.90 
31.39 
47.58 
56.53 
63.72 

0. 001815 
8104 
4567 
5828 
5072 

0.001807 
3100 
4573 
6849 
5056 

»    0.0001038 

• 

0.0000001629 

a  0000031 

a  0000000104 

• 

20.25 

29.20 

46.60 

1        59.90 

1        61.85 

0. 001112 
1522 
2288 
2752 
2810 

0.001096 
1526 
2268 
2761 
2810 

^  0.00005811 

J 

0.0000490 

■IV  J 

0.0000002006 

— O.OCOOMKC73 

«v. 

iao7 

21.93 
47.76 
61.82 
63.44 

0.000678 
1054 
2108 
2576 
2635 

0.000681 
1056 
2105 
2571 
2640 

>  0.00005156 

0.0000001568 

a  0000555 

a  000000016 

•VI. 

15.75 
81.84 
43.51 
45w06 
59.42 

a  000703 
1847 
1756 
1815 
2288 

0.000700 
1343 
1765 
1818 
2278 

I  0.00004660 
i 

• 

0.0000001390 

0.0000605 

0.0000000343 

•VII 

19.04 
34  08 
53.64 
63.40 
68.30 

0.000761 
1288 
1874 
2108 
2225 

0.000764 
1288 
1867 
2112 
2225 

I  0.00008807 

0.0000001529 

0.0000641 

aoooooeo9M 

»V1II. 

ia42 
31.15 
45.00 
62.10 
05.40 

0.000644 
1054 
1464 
1874 
:032 

0.000658 
1062 
1454 
1871 
1943 

\  0.00003807 

0.0000001279 

0.0000690 

0.0000000454 

»IX* 

0.0007%0 

1  Heated  aboT»  redness  and  allowed  slowly  to  cool  in  wood  ash ;  **  M>ft " 
'  Heated  j^alvanioally  below  redness,  then  saddcnly  cooled ;  "soft." 
'Heated  to  dark  re4»iess,  then  suddenly  cooled;  "slass-hard." 
•Heated  to  redness,  then  suddenly  cooled ;  "glass-hard." 

*  Heated  galvanically  to  brick-redness,  then  suddenly  cooled;  "glass-hard." 
•Heated  sralvanioally  to  brick-redness,  then  suddenly  cooled;  "glass-hard." 
'  Heated  to  yellow-ignition,  then  suddenly  cooled;  "glass-hard.** 
•Heated  to  yellow-ignition,  then  suddenly  cooled;  "glass-hard." 

*  This  determination  was  made  at  a  later  date;  with  reference  to  its  Moaraoy  the  remarks  vukt 
0  and  D  apply. 
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Table  Uh-^Bods  2.66  mUlimeteri  thick,  tempered  by  Mr.  Barth,  meckanieian. 


JBr 

Br 

Xo. 

T 

ObMrred. 

CiOcalAted. 

• 

fi 

a:=T,E,B. 

b 

32.28 

0.002928 

0.002918 

^  a00000447 

45.55 

4040 

4042 

«d| 

46.88 

4157 

4153 

a  0000001267 

0.0060]fi68 

0.0000000476 

55.54 

4860 

4859 

56.24 

4918 

4915 

• 

20.32 

0.001630 

0.001628 

« 

81.98 

2318 

2517 

1 

1 

32.90 
47.98 
49.80 

2576 
8689 
8800 

^  2586 
3078 
3811 

^  0.00008265 

0.0000001229 

a  00002445 

0.0000000504 

' 

32.40 

0. 001991 

0.002004 

1 

33.08 

2049 

2044 

1 

*B. 

50.47 

3045 

3043 

'  0.0000646 

a0000000fl64 

0.0000424 

0.0000000660 

61.00 

3630 

3623 

. 

62.25 

8680 

8690 

> 

4*  A 

10.86 

0.000117 

0. 000121 

« 

27.20 

351 

851 

48.75 

644 

642 

[  0.00000900 

a  0000001068 

a  00011710 

0.0000000665 

I 

58.12 

037 

942 

60.37 

995 

993 

■ 

1  Soft;  gently  ignited,  slowly  co<ded. 
'  Tempered  tilue. 

*  This  rod  (as  slso  those  of  the  following  section  C)  is  electronegi^ive  witli  reference  to  copper. 


*  Tempered  dark  yellow. 

*  Glsss-Lard. 


B'.  Specific  resistance  of  the  same  material, — The  followiDg  Tables  IV 
and  y  contain  the  specific  resistances  of  the  rods  already  cited  in  Tables 
II  and  III.  The  data  are  given  in  terms  of  mercury.  The  column  8 
contains  the  total  specific  resistances,  A8o  the  corresponding  excess  of 

the  latter  over  that  of  the  normal  rod  I.    Of  the  ratio  _  J^  jf-  ii^^i^tion 

J.*   Jil»  Urn 

will  be  made  hereafter. 

Let  the  resistances  of  the  two  parts  of  the  first  brantoh  of  the  bridge, 
on  each  side  of  the  sliding  contact,  be  denoted  by  a  and  h]  let  the  re- 
sistances of  the  corresponding  parts  (thick  copper  wire)  of  the  second 
branch  of  the  bridge  be  denoted  by  Kf  and  K".  Into  the  latter  the 
unknown  resistances  W  and  R  are  to  be  inserted,  respectively.  Finally, 
let  6  be  the  standard  of  comparison  above  referred  to,  in  terms  of  which 
W  and  B  are  to  be  measured.  When  the  current  in  the  galvanometer 
is  zero,  we  shall  have  for  a  particular  position  of  the  commutator: 

(1)  W  and  JB  alone— 

a_W+K' 

(2)  W  and  JB  with  d  on  the  right— 

a'_    W+K' 

(3)  W  and  B  with  d  on  the  left— 

a//_  W+K+d 
b""   R+K" 

Three  similar  equations  may  also  be  derived  from  the  other  position  of 
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and  — s:-  were  determined  in  the  same  way  previous  to  the  expej 
o  o 

ments,  and  their  values  checked  fit)m  time  to  time.    In  comparing  tl 
resistances  J . . .  JXand  J.  • . .  D,  the  following  plan  was  observed: 


W'.i 

I 

IV 

IV 

vin 

1 

I 

ViU 

• 

V  And  in  the  same  war 

£:a 

11 

n 

V 

vn 

IX 

IX 

with  AvoD. 

J 

Each  of  the  data  is  therefore  derived  as  a  mean  of  four  determina 
tions.  Possible  heterogeneity  of  the  wire  a+b  thus  becomes  les* 
effective. 

As  an  example,  I  will  add  results  obtained  for  the  rod  C  (resist.^ 
0.0051  Siemens  units) : 


Comi»ared  with 

Compared  with 
Ji. 

Compared  with 
D. 

Ist  position 

2d  position 

W:6= 
Meim.. 

0. 1648                      0.  ia>4 
0. 1630                       0. 1632 

0.  K49 
a  1639 

0. 1639  I                    0. 1643                        0. 1644 

1 

For  the  rod  I  (resistance =0.0542  Siemens  units)  on  diflferent  occasions, 
1.735  and  1.741  were  found  for  W:  d. 

As  will  be  seen,  the  principal  stress  was  put  on  relative  values  of  the 
resistances.  To  facilitate  orientation,  however,  the  results  were  ap 
proximately  reduced  to  Siemens  units  by  determining  the  standard  6 
in  that  denomination. 
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No. 

Sealfttance. 

8 

AS» 

I.. 

II.. 

•IVI. 

v.. 

VI.. 

vn.. 

vm.. 

•IX.. 

0.05417 
0.04.'t05 
0.11180 
0.11060 
0.07846 
0. 08740 
0. 15330 
0. 09417 

0.1361 
0.1400 
0.2387 
0.2483 
0.2592 
0.2648 
0.2779 
0.2810 

Kil. 
0.0039 
0.0976 
0.1122 
0.1231 
0.1287 
0. 1418 
0. 1449 

1260 
1990 
2020 
2030 
2010 
2050 
2070 

>The  rMistances  marked  with  an  asteriak  were  determined  by  naing  the  magneto-indaotor 
rent  generator.    In  the  others  a  Smee  element  waa  employed. 

Table  V. 


aaaonr- 


No. 

Beeittance. 

8 

AS* 

A  8^ 
T.E.H. 

D 
0 
B 
A 

0.00209 
Ol  00512 
0.00595 
0.00008 

0.1654 
a  2065 
0. 2-271 
0.3804 

0.0293 
0.0704 
0.0910 
0.2448 

2820 
2860 
2150 
S090 

The  experiments  now  following,  under  the  heads  C  and  D,  have  more 
a  descriptive  character  than  one  of  precise  measurement;  the  results 
are  therefore  given  with  one  decimal  less.  For  the  defermination  of 
T.E.H.  the  rods  coming  under  these  heads  wei-e  compared  indirectly 
with  rod  YJIl  (Table  II)  for  the  T.  E.  H.,  of  which  the  number  0.000069 
(as  above  found)  was  assumed. 

G.  T.  E.  H.,  and  J8q  for  glass-hard  roda^  diafneterss2,30  fnillimeters, — 
These  were  hardened  by  the  aid  of  the  blast  lamp.  The  flame  of  the 
latter  was  for  this  purpose  directed  horizontally  and  placed  directly 
over  a  trough  containing  cold  water.  In  this  way  the  red-hot  rod  could 
be  transferred  with  great  rapidity  out  of  the  flame  into  the  water. 

Table  VI. 


No. 

T.JB.B. 

Beaistanoe. 

8 

ASi 

T.E.H. 

•fin 
•riv 

•fV 

♦Iv  ' 
*[mi' 

0.000138 
131 
130 
130 
116 
136 
133 

0. 0121 

0.421 

a285 

2100 

Ignited  yeUow  and  chilled. 
•  Do. 
Do. 
Do. 
Iflrnited  red  and  chilled. 
\  [ini  u.  [V]  Twice  ro-lgnl- 
5    ted  yellow  and  chilled. 

0.0129 
107 
128 

0.442 
a  886 
01480 

0.306 
0.230 
0.294 

2300 
2000 
2200 

i>.  T.  E.  H.  and  JiSo,  of  rods  0.G78  millimeter  in  diameter,  hardened*'^ 
in  the  apparatus  §2,  afterwards  annealed  by  immersion  in  hot  linseed  oil. 


190 The  T.  £.  H.  of  these  rodd  iu  the  gloMs-bard  coDditioii  varied  from  50 :  lO^  to  GO:  10<^. 
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Table  VII. 


I 

II 
I 


Ko. 

T.  E,  E. 

Rerist- 
ftnce. 

8 

AiSt 

AS. 
T.  JB.  H. 

Remarka. 

•1 
*2 
•8 
•4 

•5 

*6 

*7 

*8 

*9 

*10 

*11 

•12 

0.000010 
13 
11 
14 
12 
18 
24 
33 
81 
36 
57 
58 

0.0540 
0616 
0537 
0691 
0592 
0768 
0650 
0746 
0807 
0731 
0.1088 
0.1155 

0.157 
158 
150 
163 
16C 
177 
185 
2a'S 
206 
209 
250 
261 

0.021 
022 
023 
927 
030 
041 
040 
069 
070 
073 
114 
125 

2100 
1700 
2100 
1900 
2500 
2300 
2000 
2100 
2'JOO 
2- 100 
2000 
2200 

Glaas-hanl  and  gradnaUy. 
^    heatedtidouoiii  linaaed 
oil.i 

jSimilarlj  annealed  at  2S(P. 

1  Similarly  annealed  at  240o. 

Similarly  annealed  at  200^. 

I  Similarly  annealed  at  ISQo. 

Heated  to  rpdnesa  !n  Bon- 
■lowly  cooled. 

Soft 
iron. 

-0.000004 

a042G 

0.133 

-0.008 

750 

>  Bods  1  to  5  remained  in  the  bath  dariof:  the  whole  process ;  the  others  were  immersed  bot  for  2"  to 
3*.  TEhe  temperature  at  which  the  rods  6  and  7  were  annealed  conid  not  be  determinetl  with  certainty, 
a  microscopio  air-bubble  in  the  neck  of  the  mercury  reservoir  having  given  rise  to  rnptmre  of  tbe  thread. 

U.  Corroborative  measurements. — The  resistances  thus  far  determined 
being  very  small,  it  was  feared  that  in  spite  of  the  coutinnity  apparent 
in  their  variation,  errors  from  insufficient  contact  might  have  conspired 
in  producing  illusory  results.  For  these  reasons  check-experiments 
with  longer  wires  were  made,  the  resistance  of  some  of  which  (I  to  V) 
is  sufficiently  great  to  admit  of  direct  comparison  with  the  Siemens 
mercury  unit  (6talon).  To  insure  a  more  homogeneous  hardening,  tbese 
wires  were  spirally  wrapped  around  a  round  stick  of  wood,  and  tlie 
length  and  diameter  of  the  coils  resulting  so  determined  that  the  whole 
during  the  process  of  heating  could  be  brought  within  the  mantle  of  the 
blast-flame.    In  other  respects  the  method  given  under  C  was  pursue<l. 

Table  VIII. 


Remarks. 


No. 

Resist- 
ance. 

Length. 

Diam. 
eter. 

8 

1 

1 

I 

0.643 

0.880- 

0.67 

0.260 

1 

0.134 

U 

379 

917 

06 

296 

160 

ni 

245 

928 

1.19 

293 

157 

IV 

121 

932 

1.83 

342 

206 

V 

105 

656 

1.62 

391 

255 

•    *VI 

0169 

733 

2.15 

354 

218 

*VII 

0155 

732 

2.15 

325 

J89 

*vni 

0169 

740 

2.15 

352 

216 

Ignited  yellow ;  then  suddenly  cooled. 

Do. 

Do. 
Ignited  red ;  then  suddenly  cooled. 
Ignited  light  yellow ;  tlien  suddenly  cooled. 
Ignited  red-yellow ;  then  snddenlv  cooled. 
Ignited  red-yellow ;  but  ends  darker. 
Ignited  red-yellow ;  then  suddenly  cooled. 


Spirals  II  and  IV  were  afterwards  softened  by  heating  to  redness  iu  a 

Buusen  burner.    Their  specific  resistance  in  this  condition  was  fooud 

to  be 

•II.  ^0=0.154  •IV.  iSo=0.159 

Finally,  iu  order  to  compare  the  results  obtained  with  induction  cur- 
rents with  those  in  which  a  Smee  element  was  employed,  certain  of  tbe 
experiments  were  repeated.    The  agreement  was  entirely  satisfactory. 
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7. — HARDNESS  AND  THERMO-ELECTRIC  PROPERTIES  OF  STEEL:    DE- 
DUCTIONS AND  SUPPLEMENTARY  EXPERIMENTS. 

(a)  Tliermo  electric  and  mechanical  hardness. — ^From  the  data  con- 
tained ill  Tables  II,  III,  and  YII,  we  derive  that  the  thermo-electric 
position  of  steel  progresses  continnously  with  its  degree  of  hardness, 
or,  in  other  words,  thermo-electric  and  mechanical  hardness  arc  direct 
functions  one  of  another. 

This  statement  involves  the  assumption  that  the  rod  cannot  pass 
from  the  glass-hard  (maxim am)  to  the  soft  state  (minimum)  without 
passing  through  every  intermediate  stage;  or  that  by  proper  methods 
of  annealing,  every  state  between  the  maximum  and  minimum  can  be 
produced.    This,  I  dare  say,  will  generally  be  admitted. 

As  of  further  interest  I  may  add:  (I)  that  rods  cut  from  the  same 
wire  and  glass-hardened  in  the  same  way  possess  also  the  same  thermo- 
electric hardness  (Table  VI);  (2)  this  is  the  case  even  when  the  rods 
are  carefully  rehardened  (rods  [III]',  [V]',  Table  VI)  5  (3)  that  if  we 
start  from  like  maxima,  the  thcrmo-curreut  always  passes  from  less  to 
more  annealed,  through  warm.  (The  direction  of  the  current  was  inde- 
pendently observed.) 

(b)  Variation  of  T.  E,  R.  tcith  differences  of  material  and  of  thickness. — 
From  an  examination  of  the  data  obtained  for  different  material,  we 
infer  that  the  T.  E.  H.  of  soil  and  similarly  annealed  rods  approximates 
to  the  same  value  ;'^^  that  the  value  of  this  constant  for  glass-hard  rods 
is  remarkably  different.  The  rods  in  Table  VI,  for  Instance,  possess  a 
T.  E.  H.  amounting  nearly  to  140: 10^;  whereas  in  the  rods  in  Table  II 
the  maximum  ^^  value  found  does  not  exceed  70 :  10^.  This  ma3'  be  due 
to  a  difference  in  thickness,  or,  more  probably,  to  a  difference  in  the  com- 
position of  the  rods  examined. 

These  phenomena  were  further  studied  through  the  following  experi- 
ments: 

1.  Commercial  rods  of  different  diameters  were  glass-hardened  and 
examined  with  reference  to  the  current  produced  when  one  end  of  a 
couple  was  cooled  with  a  wedge-shaped  piece  of  ice.  In  general  a 
maximum  of  T.  E.  H.  was  observed  in  rods  whose  diameters  lay  between 
1  and  2  millimeters.  These  experiments,  however,  are  unsatisfactory, 
inasmuch  as  the  composition  of  the  rods  enters  as  an  element  of  dis- 

ivrin  order  to  compare  the  degree  of  hardnem  corresponding  to  a  particular  oxide 
tint  with  that  corresponding  to  a  given  temperature  of  the  oil  bath,  uae  was  made  of 
the  tables  foond  in  Frick's  Physikal.  Technik,  3  ed.,  p.  377;  also  Wagner,  Obem. 
Tech.,  8  ed.,  p.  29.  On  the  anthority  of  these  works  230^  corresponds  to  yellow,  290^ 
to  blue,  annealed.  We  shoold  therefore  expect  rods  6,  7,  and  8.  9  (Table  VII)  to 
agree  with  the  rods  C  and  B  (Table  III)  respectively.    This  is  sufiQciently  the  case. 

iwThese rods  (Table  II),  even  when  heated  to  the  utmost  white  and  snddenly  cookd, 
remained  strongly  electro- positive  towards  copper.  T.  £.  H.,  even  in  this  extreme 
case,  was  much  less  than  107=:  10^. 
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tarbaDce  which  caDiiot  be  allowed  for.  For  this  reason  experiments 
were  made  on  thick  bars,  the  parts  of  which  had  been  filed  to  different 
diameters. 

2.  The  halves  of  each  of  two  pieces  cut  from  the  same  rod,  5  millime- 
ters in  diameter,  were  reduced^^  by  filing  to  thicknesses  of  3  millimeters 
and  1  millimeter,  respectively,  and  glass-hardened.  Dnring  the  proc- 
ess of  heating  care  was  taken  to  raise  all  parts  of  the  bars  to  the  same 
degree  of  redness.  On  connecting  the  ends  with  the  galvanometer  and 
applying  the  ice  wedge  at  the  middle  (where  the  diameter  enlarged), 
very  decided  currents  were  observed,  passing  from  thin  to  thick  through 
warm.  Hereupon  two  cones  were  filed  of  the  same  material  (5  miUi- 
meters  thick  at  base  and  50  millimeters  long).  Point  and  base  of  tbe 
cones  (previously  glass-hardened)  being  connected  with  the  galvano- 
scope,  the  ice  wedge  applied  at  any  point  produced  in  each  case  currents 
irom  apex  to  base  through  warm,  thus  harmonizing  with  the  previons 
experiments.  Near  the  points  only  the  results  became  uncertain.  On 
bringing  together  the  cones  with  the  rod  [IV]  (Table  VI)  the  points 
were  found  to  be  thermo-electrically  harder,  the  base  softer  than  tbe 
rod.  On  the  other  hand,  the  point  of  a  fine  needle  prepared  from  tbe 
same  material  gave  contrary  indications.  The  point,  therefore,  was 
apparently  softer  than  rod  FV. 

3.  Finnlly  two  very  gradually  tapering  cones  were  prepared  from 
another  steel  rod,  2.S  millimeters  in  diameter.  Connection  with  the 
galvanometer  being  made,  the  application  of  the  ice  wedge  to  jmrts 
near  tbe  base  generjited  a  current  from  thin  to  thick  through  warm ;  to 
parts  near  the  apex,  a  current  in  the  opposite  direction.  Finally,  be- 
tween these  a  position  was  found  at  which  the  application  of  the  ice 
wedge  produced  no  current  at  all.  This  occurred  at  parts  about  ^ 
millimeters  in  diameter.    The  other  cone  gave  like  results. 

4.  When  the  bases  of  two  similar  cones  of  the  same  materials  are 
connected  with  the  galvanometer  and  their  apices  brought  in  contact, 
upon  warming  the  latter,  a  current  in  one  direi-.tion  or  another  will  be 
produced ;  this  from  the  fact  that  the  points  are  rai*ely  equally  hard. 
Experiment  shows  that  by  consecutively^  warming  paits  which  lie  sym- 
metrically to  the  right  and  left  of  the  apices  in  contact,  currents  in  op- 
posite directions  are  the  efitect.  Herefrom  it  follows  that  the  curreDts 
originate  each  in  a  single  cone.*** 

5.  In  endeavoring  to  generalize  from  these  experiments,  attention 
must  be  paid  to  the  following  points :  a,  the  maximum  value  of  T.  £.  H. 
attainable  is  dependent  on  the  quantity  of  carbon  contained  in  the 
steel.    The  thermo-electric  difference  between  rods  of  soft  and  sod 


^'■^  Ifc  is  to  bo  observed  that  tbe  thinner  parts  of  these  pieces  souiier  airi  ve  st  red  h«»t 
and  reiiiuiu  longer  in  this  condition  thnn  the  thicker  parts.  This  applies  eqiuiUr  to 
the  cones. 

2WThc  experiments  with  two  separate  cones  were  equally  saccessful  when  the  con- 
ical forms  were  only  part  of  the  same  continuous  piece. 
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denly  cooled  wroaght  iron  can,  for  instance,  be  neglected  in  comparison 
with  the  corresponding  difference  between  hard  and  soft  steel,  b,  T.  E.  H. 
is  inflaenced  by  the  temperature  of  the  rod  when  suddenly  chilled  (VII  c), 
as  well  as  by  the  time  of  beating,  the  latter  affecting  the  composition, 
c,  By  the  form  of  the  piece  of  steel  and  the  method  of  sadden  cooling, 
the  internal  structure  of  the  mass  being  thereby  modified  (VU  d). 
dj  Finally,  we  might  add  that,  in  the  time  elapsing  between  the  removal 
of  the  rod  out  of  the  fire  and  the  subsequent  immersion,  the  loss  of 
heat  by  radiation  will  be  relatively  greater  in  the  case  of  thin  than  in 
the  case  of  thick  rods.^^  With  these  facts  in  mind  we  may  conclude 
that  the  maximum  values  of  T.  E.  H.  attainable  by  glasshardening 
rods  of  the  same  composition  increases  as  thickness  diminishes ;  that 
as  this  dimension  continues  to  decrease  a  diameter  is  reached  at  which 
the  negative  effects  of  decarburization  are  equal  and  finally  overcome 
by  the  positive  effects  due  to  diminution  of  diameter. 

(o)  Effect  of  the  temperature  from  which  steel  is  suddenly  cooled  in  hard- 
ness. Chemical  and  mechanical  hardness. — From  the  results  contained  in 
Table  I  there  follows:. The  hardness  of  steel  does  not  increase  con- 
tinuously with  its  temperature  at  the  moment  of  sudden  cooling,  but 
at  a  point  in  dark  red  heat  the  glass-hard  state  is  suddenly  attained. 
From  this  point  on,  however,  the  degree  of  glasshardness  (measured  elec- 
trically) continues  to  increase  with  the  temperature.  This  observation 
conduces  to  the  conclusion  that  the  change  of  state  due  to  glass-hard- 
ening is  chemical  in  its  nature.  In  this  opinion,  I  believe,  most  chem- 
ists at  present  also  concur,  it  being  assumed  that  the  uncombined 
carbon  in  soft  steel  is,  by  sudden  immersion,  converted  into  the  chem- 
ically combined.  In  summing  up  the  facts  by  which  the  hypothesis  is 
furthermore  supported,  I  will  mention  in  the  first  place  the  detailed 
analogy^  which  exists  between  the  white  pig  (used  in  the  manufacture 
of  Bessemer  steel)  and  glass-hard  steel,  on  the  one  hand,  and  ordinary 
(gray)  cast-iron  and  soft  steel  on  the  other;  the  former  containing 
carbon  only  in  the  combined,  the  latter  also  in  considerable  proportion 
in  the  uncombined,  state.  Secondly,  hardening  by  a  process  of  wire- 
pulling, hammering,  etc.,  will,  in  all  probability  increase  the  specific 
gravity  of  steel;  hardening  by  sudden  cooling,  as  is  well  known,  di- 

^^  I  will  udd  here  (1884)  that  aDOther  possible  source  of  error  was  overlooked  in  the 
above.  1  refer  to  the  electro-motive  force  of  superficial  layers  in  case  of  loose  con- 
tracts, as  investigated  by  Franz  (Pogg.  Ann.,  LXXXV,  p.  SSB,  1852),  Jenkin  (Rep. 
Br.  Assoc,  1861,  (2),  p.  34),  Gaugaiu  (C.  R.,  XXXVI,  p.  612-16,  1853,  Ann.  de  Chim. 
et  de  Phys.  (3).  LXV,  p.  75-102,  1862)  and  others.  Bat  I  feel  confident  that  these 
phenomena  are  not  contained  in  the  above :  1,  because  loose  contacts  were  avoided ; 
2,  the  metals  were  always  bright  and  polished;  3,  the  results  were  the  same  when 
dififei-eiice  in  diameter  (donble  cone)  occnned  in  one  and  the  same  continuous  piece 
of  steel;  4,  from  the  variety  of  experiments  made  and  the  uniformity  of  the  results 
obtained. 

"°*Seo  Wagner :  Chom.  Tech.,  8  ed.,  pp.  14, 15, 29.  These  analogies  refer  to  mechan- 
ical properties,  metbotl  of  preparation,  color. 

(811) 


!: 


l! 


U- 


,  1 


220 


lEON-CARBUEETS. 


[BtriLU. 


4 


minishes  it.  In  the  former  case  the  thermo-electric  current  usaally 
passes  from  soft  to  hard  through  warm;^  in  the  latter,  in  the  coutraiy 
direction.  In  drawn  wire  the  specific  resistance  is  smaller,^  in  hard 
tempered  greater  than  that  of  the  same  wire  in  the  soft  state. 

Considering  these  facts  as  a  whole,  we  are  (lerhaps  justified  in  dis. 
tingaishing  between  a  process  of  chemical  and  a  process  of  mechanical 
hardening.  This,  however,  does  not  prevent  us  from,  paying  due  regard 
to  a  series  of  physical  phenomena  which  accompany  the  former.  To 
these  the  peculiar  internal  structure  of  glass-hard  bars,  the  warping 
which  frequently  attends  sudden  cooling,  etc.,  are  to  be  referred.  We 
conclude,  therefore,  that  the  cause  chiefly  influential  in  bringing  aboat 
glasshardness  in  steel  is  chemical  in  its  nature,  and  that,  in  consequence 
of  the  physical  phenomena  which  invariably  accompany  it,  the  degree 
of  glasshardness  is  more  or  less  modified.  On  the  latter  ground  the 
continual  increase  of  the  T.  E.  H.  after  the  critical  temperature  aboTe 
referred  to  has  been  reached  is  to  be  explained. 

(d)  The  observed  T.  E.  H.  can,  of  course,  only  be  assamed  as  directly 
expressive  of  its  hardness  when  the  rod  und^r  experiment  is  homo- 
geneous throughout.  In  thick  bars,  which  in  the  glass-hard  state  may 
be  considered  as  made  up  of  a  series  of  concentric  cylindrical  shells,  the 
hardness  of  which  decreases  rapidly  as  we  pass  from  the  exterior  to  the 
interior,  the  circumstances  become  more  complicated. 

Furthermore,  suppose  the  ends  of  a  thick  glass-hard  cylinder  to  be 
kept  at  temperatures  Tand  t  {T>t).  In  this  case,  since  each  of  the 
infinitely  thin  cylindrical  shells  has  a  particular  T.  E.  H.  corresponding 
to  its  hardness,  we  are  led  to  infer  that  thermo-currents,  closing  them- 
selves in  the  interior  of  the  cylinder,  are  the  result — the  direction  of 
these  in  the  outer  harder  parts  being  from  t  to  T,  in  the  inner  from  J  to 
t  In  figure  29  (vertical  section)  the  hypothetical  condition  of  the  cyl- 
inder in  this  case  is  indicated.  As  will  be  seen,  its 
electrical  state  corresponds  to  that  of  a  rod  circularij 
magnetized. 

For  the  purpose  of  studying  this  question  experi- 
mentally, a  steel  cylinder,  ^  millimeters  in  diameter 
and  50  millimetei*s  long,  was  turned  and  glass-hardened. 
This  was  placed  vertically  directly  before  the  needle  of 
^.   „^   Ji  a  magnetometer  (the  deflection  of  which  could  be  read 

Fig.  29.— Thermo-car-      ^.,         ,  ,  ,v.  •■ 

rents  evolved  in  a  oft  With  telescopc  aud  scale)  in  such  a  manner  that  the 

position  of  equilibrium  of  the  needle  was  left  unaltered. 
The  relative  position  of  the  needle  and  cylinder,  in  other  words,  was  such 
that  the  axis  of  the  former,  if  prolonged,  would  intersect  the  axis  of 
the  latter  if  prolonged  at  its  middle  point.    Upon  now  cooling  the 

«oMagiiu8:  Fogg,  Ann.,  LXXXIII,  p.  469,  1851 ;  Sir  W.  ITiomson,  PhU.  Trana.,IIL 
p.  722,  1856. 

^^Monsson:  N.  Denkechr.  d.  Scbwz.  GeseU.,  XIV,  8,  p.  1-90 ;  Chwolson:  C^Va  Sep., 
XIV,  p.  15. 
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npper  end  of  the  cylinder  with  a  piece  of  ice,  or  warming  by  project- 
ing a  jet  of  steam  against  it,  very  decided  deflections  were  observed 
toward  the  right  or  left,  respectively,  which  increased  with  the  diflPerence 
of  temperature  T^ty  and  vanished  as  this  difference  became  nil. 

As  the  cylinder  was  not  magnetic,  it  is  improbable  that  these  phe- 
nomena can  be  referred  to  a  change  in  the  state  of  magnetic  distribn- 
tion.  With  reference  to  the  direction  of  the  currents,  however,  no  sim- 
ple results  conid  be  arrived  at. 

(6).  Relative  thermo-electrie  qxialities  of  soft  steel  and  soft  iron. — In  §  7, 
c,  we  ascribed  the  very  high  value  of  the  T.  E.  H.  of  a  glass-hard  steel 
rod  to  the  large  proportion  of  chemically  combined  carbon  contained 
therein.  If  this  be  true,  the  thermo-electric  difference  between  soft 
ateel  and  soft  iron,  in  both  of  which  combined  cart>on  is  either  wholly 
absent  or  exists  only  in  traces,  must  be  quite  small.  This  inference  is 
supported  by  the  data  actually  found  for  soft  iron.  Making  allowance 
for  the  difference  of  circumstances  involved,  the  result  to  be  derived 
from  the  experimentsof  Kohlrausch  and  Ammann  also  agrees  sufficiently 
herewith. 

On  the  other  hand,  Joule"^  has  long  since  shown  that  ordinary  cast- 
iron  is  thermo-electrically  negative  towards  copper,  all  the  more,  there- 
fore, towards  soft  steel — a  result  which  I  should  be  inclined  to  predict 
from  the  quantity  of  combined  carbon  contained. 

The  minimum  values  of  T.  E.  H.  (obtained  by  cooling  the  red-hot  bar 
as  slowly  as  possible)  of  different  kinds  of  steel^  and  of  soft  iron  are 
approximately  the  same ;  whereas  the  maximum  values  of  this  constant 
(obtained  by  cooling  the  highly  heated  bar  as  rapidly  as  possible)  differ 
enormously ;  this  difference  being  a  direct  ftinction  of  the  quantity  of 
carbon  contained. 

^  (/)  ThermO'electric  effect  of  magnetization. — Sir  William  Thomson*^  has 
shown  that  in  a  thermo  element,  consisting  of  magnetized  and  unmag- 
netized  steel  of  the  same  hardness  and  form,  thermo-currents  due  only 
to  magnetic  difference  are  generated.  The  direction  of  these  currents 
was  found  to  be  in  one  case  from  unmagnetized  to  longitudinally  mag- 
netized through  warm,  in  another  from  transversely  magnetized  to  un- 
magnetized through  warm,  therefore  also  from  transversely  to  longitu- 
dinally magnetized  through  warm. 

For  the  purpose  of  informing  myself  of  the  magnitude  of  the  thermo- 
electric difference  thus  produced,  the  following  experiment  was  made : 
A  soft  rod  (ly  Table  II)  was  tested  for  its  electro  motive  force  when 
combined  with  copper  (as  diescribed  above,  p.  348),  and  the  locus  of  the 

«« Joule :  Phil.  Mag.  (4),  XV,  pp.  538-'39,  1857. 

*^  Steel  ifi  here  nsed  m  distiDguished  from  iron  only  by  containing  a  greater  propor- 
tion of  carbon.  No  attention  baa  been  paid  in  ibis  paper  to  tbe  effecta  of  P,  8,  Si,  Mn, 
etc.,  so  often  preaent  in  botb. 

wTbomson:  Phil.  Trans.  Ill,  pp.  722-7,  1856. 
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eqaatioD  Erssar — /3t^  constructed  from  fifteen  very  carefoUymade 
observations. 

Hereupon  a  large  magnetic  battery,  weighing  40  pounds,  was  so  placed 
that  each  of  the  ends  of  the  horseshoe  touched  a  receirer.  The  distance 
between  the  poles  of  the  magnet  and  the  corresponding  ends  of  the  steel 
rod  was  thus  about  50  millimeters.  A  second  series  of  fifteen  obserra- 
tions  was  now  made.  Upon  comparing  the  locas  of  the  latter  with  that 
that  of  the  former,  the  two  curves  coincided  so  completely  that  do  iih 
fluence  could  be  discerned. 

Herefrom  I  conclude  that  the  thermo-electric  effect  due  to  differenee 
of  magnetic  state  may,  in  comparison  with  that  which  can  be  prodaoed 
by  a  difference  of  hardness,  be  completely  neglected. 

(g)  Relation  between  T.  E.  R.  and  density  of  steel. — ^A  very  curious  anal- 
ogy was  found  in  comparing  the  results  at  which  Fromme^^  arrived,  in 
studying  the  specific  gravity  of  differently  tempered  steel,  with  the  T. 
£.  H.  of  similar  rods  as  found  in  my  experiments.  Dr.  From  me,  if  I 
infer  correctly,  limited  his  experiments  to  rods  whose  diameter  was 
greater  than  2  millimeters,  and  less  than  7  millimeters.  His  resolts  are 
contained  in  the  following  table,  the  volume  of  the  soft  bar  being  put  = 

unity. 

Table  IX. 


Volume. 

Voluire- 
iacrease. 

T.E.BL 

Soft 

1. 000              0. 000 
1.002              0.002 
1. 005              0. 005 
1. 010               0. 010 

aooo  oro 

0.000  024 
0.000  042 
0.000  117 

Annealed  bice 

Anoeaied  Tellow 

Qlass-bnrd 

In  the  fourth  column  the  T.  B.  H.  of  rods  cited  in  Table  III.  (these, 
as  I  believe,  corresponding  very  closely  to  those  for  which  the  data  of 
Fromme  apply)  is  added.  If  we  take  into  consideration  that  the  re- 
sults were  obtained  from  different  material,  the  parallelism  obserrable 
is  striking.  To  the  very  large  difference  between  glass-hard  and  yd- 
low  annealed,  when  compared  with  the  much  smaller  difference  be- 
tween yellow  and  blue,  blue  and  soft<,  as  seen  in  both  observatiooa.  1 
would  once  more  call  attention.  The  fact  that  glass  hard  rods  can  be 
considerably  annealed  at  comparatively  low  tempeartures  must  be  re- 
garded as  an  adequate  indication  of  their  unnatural  (strained)  condition. 

A  second  result  of  Fromme,  that  the  specific  gravity  of  thin  rods 
suffers  greater  loss  by  glass-hardening  than  that  of  thick  rods,  also 
harmonizes  with  the  conclusions  drawn  in  ^  7  {b)  with  reference  to  tbe 
T.  E.  H.  of  such  rods. 


w Fromme:  Gotting.    Nachr.  p.  165,  1876. 
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8. — HARDNESS  AND  SPECIFIC  RESISTANCE  OF  STEEL:   DEDUCTIONS. 

From  tlie  data  for  the  specific  resistance  of  rods  of  different  hardness 
inferences  analogous  to  the  above  may  be  dednced. 

(a)  The  specific  resistance  of  steel  increases  continuously  with  its 
mechanical  hardness.  • 

(b)  Rods  like  annealed  difiTer  but  slightly,  glass-hard  rods  considera- 
bly, with  respect  to  their  specific  resistance. 

(c)  Relation  between  the  thermo  electric  hardness  and  the  specific  resistance 
of  steel — On  comparing  the  values  found  for  the  ratio  J  &)  /  T,  E.  H.,  we 
infer  that  the  specific  resistance  of  steel  is  approximately  a  linear  func- 
tion of  its  thermo-electric  hardness.  In  Fig.  30  these  results  are  graph- 
ically represented. 

I  will  remark,  however,  that  the  assumption  of  proportionality  as 
based  on  the  above  figures  is  to  be  regarded  as  a  first  approximation 


Fio.  ilO.— Relation  between  thermoelectric  power  and  specific  it^sistaoce. 


only,  notwithstanding  the  fact  that  the  discrepancies  fall  within  the 
errors  of  experiment.  A  rigid  discussion  of  the  latter  comes  more  ap- 
propriately within  the  scope  of  another  paper  soon  to  appear.  In  this 
place  I  would  only  call  attention  to  the  following :  In  the  thick  bars 
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experimented  upon  the  value  of  J  8oy/T.  E.  H.  is  usually  too  large:  i 
fact  which  is  easily  accounted  for,  as  the  unavoidable  resistances  of 
contact  above  referred  to  will  in  this  case  have  a  relatively  great  effect, 
the  resistances  of  the  bars  themselves  being  very  small.  In  the  rods 
included  in  Table  YI  it  was  impossible  to  secure  uniform  redness  of 
ignition  throughout ;  the  ends  invariably  remained  darker.  As  T.  £.  H. 
depends  principally  on  the  warm  end,  J  So,  however,  on  the  mean  hard- 
ness of  the  whole  bar,  we  have  thus  a  second  cause  for  an  overlarge 
ratio. 

So  much  I  think  to  have  fully  established,  that  T.  E.  H.  and  specific 
resistance  throughout  their  variations  are  very  simple  functions  one  of 
another.  T.  E.  H.  and  specific  resistance  must  therefore  be  looked 
upon  as  effects  of  the  same  cause,  as  phenomena  having  some  very  M- 
mate  connection, 

(d)  Particular  attention  must  here  be  called  to  the  remarkable  resolt, 
that  the  specific  resistance  of  steel  can  by  a  process  of  glass-hardening 
be  increased  to  nearly  three  times  its  value  in  soft  steel.*®  As  this  datum 
far  exceeds  that  determined  by  Mousson  (about  25  per  cent.),  it  is  not 
without  some  hesitation  that  1  make  it  public.  The  care  bestowed  on 
the  experiments,  however,  together  with  the  regularity  observed  in  the 
variation  of  the  results,  I  believe  sufficiently  insure  their  correctness. 
See,  moreover,  §  6,  B."® 

(e)  As  deserving  special  notice,  I  will  further  add  that  the  thermo- 
current  always  passes  from  the  bar  with  greater  to  the  bar  with  less 
resistance.*"  The  few  exceptions  to  this  fact  in  the  tables  were  after- 
wards found  to  be  referable  to  errors  of  exjwriment  by  direct  observa- 
tion. 

(/)  Like  T.  E.  H.,  so  also  the  specific  resistance  of  steel  approximates 
to  the  value  of  this  constant  for  soft  iron.    Upon  the  value  found  for 

^ It  is  to  be  obseryed,  howeyer,  that  the  difference  between  the  specific  resistanee 
of  8t«el  in  the  soft  and  hard  states  is  dependent  on  the  compositioD,  increasiDg  widi 
the  quality  of  carbon  contained  from  a  yeiy  small  yalue  in  soft  iron  to  the  yery 
laxge  value  aboye  announced  for  steel. 

s^^Chwolson  reports  the  increase  of  resistance  due  to  glass-hardening  to  be  only  0-6 
per  cent.  This  I  can  only  explain  by  supposing  the  results  of  this  observer  to  h*T« 
been  obtained  with  wires  suddenly  cooled  at  a  temperature  below  that  referred  to  in 
i  7  (c). 

21^  I  would  here  again  refer  to  the  fact  that,  according  to  Ma^ns,  Thomson,  aad 
Mousson,  drawn-steel  wire  and  hard-tempered  steel  are  on  opposite  sides  of  soft  sted, 
both  with  respect  to  their  thermo-electric  properties  and  their  specific  resistance. 
Thomson  furthermore  finds  transversely  magnetized  steel  electro-negative  towards 
soft  steel,  this  again  towards  longitudinally  magnetized  steel.  Anerbach  (Wied. 
Ann.,  V,  p.  316,  1678),  analogously,  that  the  specific  resistance  of  hard  steel  oontinn- 
ously  increases  as  the  rod  passes  from  a  condition  of  saturated  longitudinal  to  a  ood- 
dition  of  saturated  circular  magnetization.  The  result  above  enunciated  has  thei^ 
foro  probably  even  a  more  general  signification. 
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the  ratio  J  /^/^T.  E.  H.,  however,  not  mach  reliance  can  be  placed,  the 
fiEUStors  involved  being  too  small  to  admit  of  accurate  determination. 
With  cast-iron  no  experiments  were  made. 


9. — REMARKS  ON  THE  ABOVE,  CONSIDERED  AS  AUXILIARY  TO  THE 
DETERMINATION  OP  THE  RELATION  BETWEEN  HARDNESS  AND  MAG- 
NETIC MOMENT.  . 

In  this  place  I  will  avail  myself  of  the  experiments  of  Kuths  on  the 
relation  between  hardness  and  magnetic  moment,  these  being  perhaps 
the  most  comprehensive.  With  sufficient  approximation  for  the  pur- 
pose I  will  put  the  T.  E.  H.  of  glass-hard  rods  =  120 :  10«;  that  of  the 
yellow  annealed,  =  40  :  10* ;  of  the  blue,  =  20 :  10* ;  and  with  these  as 
absciss®  and  Kuths'  values  for  the  corresponding  permanent  magnetic 
moments  ('Mn  millions  of  absolute  units,"  milligrammes-millimeters- 
seconds)  as  ordinates,  Suppose  the  curves  belonging  to  each  of  the  bars 
to  be  constructed.  These  curves  are  given  in  figure  31,  the  attached 
number  referring  to  the  ratio  between 
the  length  and  the  diameter  of  each 
rod."* 

I  will  omit  the  interesting  deduc- 
tions which  Ruths  makes  from  his 
data,  these  going  beyond  our  present 
purpose. 

From  an  inspection  of  the  curves 
we  derive  the  following  important 
Jesuits,  viz :  that,  like  the  electrical 
properties  of  steel  and  its  specific 
gravity,  so  also  the  maximum  of  per- 
manent magnetism  is  largely  modi- 
fied by  the  diflferent  degrees  of  glass- 
hardness  of  the  bar  (t.  «.,  tho.<^e  lying 
above  yellow  annealed,  and  scarcely 
distinguishable  mechanically).  In 
the  second  place,  the  results  of  Ruths,  being  obtained  from  compara- 
tively thick  rods,  are  largely  influenced  by  structure.  In  view  of  these 
facts,  I  deem  the  hope  by  no  means  too  sanguine  that  if,  to  avoid  com- 
plications from  structure,  we  experiment  on  thin  rods,  the  maximum 
of  permanent  magnetism  may  be  empirically  expressed  in  terms  of  the 
dimensions  and  T.  E.  H.  only;  that,  furthermore,  from  the  parallelism 
discovered  in  the  variation  of  specific  gravity  and  the  electrical  prop- 


Fig.  31.~l>Ugrmm  of  Kuths'  reenlto. 


"<  The  data  employed  are  those  obtained  by  Ruths  for  rods  120  millimeters  long,  and 
1.7,2.4,  2.9,  3.8,  4.9,  5.9  millimeters,  respectively,  in  diameter,  w ith  very  powerful 
magnetizing  forces. 
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